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Abstract: 47 

 48 

Background: Atopic dermatitis (AD) is characterized by skin barrier defects, Th2 activation, 49 

and increased risk for cutaneous and extracutaneous infections. In clinical trials, dupilumab 50 

appeared to decrease rates of skin infections in AD.  51 

Objective: We aimed to determine the impact of dupilumab on rates of skin and other infections 52 

in patients with moderate-to-severe AD. 53 

Methods: We conducted a systematic review and meta-analysis of randomized controlled trials 54 

(RCTs) of dupilumab for AD. We searched the PubMed database for relevant studies. Risk ratios 55 

(RR) and 95% confidence intervals (CI) for skin infections, herpesvirus infections  and overall 56 

infections and infestations were calculated for dupilumab compared with placebo using binary 57 

random-effects meta-analysis. For the analysis of eczema herpeticum, Peto odds ratios (OR) 58 

were calculated. 59 

Results: Eight RCTs in 4 publications with 2,706 participants were included with follow-up time 60 

ranging from 4-52 weeks. Meta-analysis including all dosing schedules and follow-up times 61 

showed a RR of skin infection of 0.54 (95% CI: 0.42-0.70) and an OR of eczema herpeticum of 62 

0.34 (95% CI: 0.14-0.84) for dupilumab compared with placebo. No significant association was 63 

found for dupilumab with overall herpesvirus infections (RR=1.16, 95% CI: 0.78-1.74) and 64 

overall infections (RR=0.98, 95% CI: 0.83-1.16).  65 

Limitations : Our analysis is limited by short follow-up time in most trials and relatively low 66 

number of patients treated with dupilumab to date. 67 

Conclusion: Dupilumab is associated with a decreased incidence of skin infections and eczema 68 

herpeticum in adults with moderate-to-severe AD. The mechanism underlying this association is 69 

uncertain, but is likely related to improvement in AD severity. 70 
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Clinical Implications: 71 

Dupilumab, a monoclonal antibody targeting IL-4 and IL-13, appears to significantly decrease 72 

the risk of skin infections and eczema herpeticum in adults with moderate-to-severe atopic 73 

dermatitis. 74 

 75 

Capsule Summary: 76 

• Atopic dermatitis is often associated with increased risk for cutaneous and extracutaneous 77 

infections 78 

• Our meta-analysis demonstrated that dupilumab was associated with a statistically 79 

significant decrease in cutaneous infection, but not overall infections. 80 

• Clinicians using dupilumab should be aware there is substantially decreased risk of skin 81 

infections and eczema herpeticum  82 

  83 
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Introduction: 84 

 Atopic dermatitis (AD) is a chronic skin condition affecting approximately 7% of US 85 

adults.1  The pathogenesis of AD involves skin barrier defects, including abnormal epidermal 86 

lipid and protein structure and function, and activation of the Th2 immune pathway.2 Bacterial 87 

diversity is also thought to play a role, with abnormal colonization of gram positive bacteria 88 

including Staphylococcus aureus among patients with AD.3 
89 

Patients with AD have an increased risk of cutaneous bacterial infection.4 Reasons for 90 

these infections are likely multifactorial, including decreased expression of anti-microbial 91 

peptides, skin barrier disruption and an overabundance of S. aureus.5 AD patients are also at risk 92 

for eczema herpeticum, a severe form of herpes virus infection, because of skin barrier disruption 93 

and decreased cathelicidin and interferon-gamma production.6 AD patients are also at increased 94 

risk for extra-cutaneous infections, suggesting that systemic immune dysregulation plays a 95 

significant role in infection risk.4, 7 96 

Dupilumab is a fully-human monoclonal antibody that inhibits signaling of the Th2 97 

cytokines IL-4 and IL-13 by targeting the IL-4Rα subunit.8 A recent meta-analysis of 98 

randomized controlled trials (RCTs) concluded that dupilumab was effective and safe compared 99 

with placebo.9 In phase III trials, dupilumab appeared to be associated with fewer skin infections 100 

compared with placebo.10
 To date, no studies have specifically examined the effects of 101 

dupilumab on infection risk among AD patients. Given the important role of infections in the 102 

morbidity of AD, we aimed to estimate the effect of dupilumab therapy on the risk of skin and 103 

other infections in AD patients using a systematic review and meta-analysis of RCTs. 104 

  105 
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Materials & Methods: 106 

We followed the recommendations of the Preferred Items for the Reporting of Systematic 107 

Reviews and Meta-Analysis (PRISMA) statement as applicable and a PRISMA checklist is 108 

provided in the supplementary material.11 Our study protocol was registered with PROSPERO 109 

(http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016048855). Ethics 110 

review is not required for this type of research at our institutions. We followed the PICOS format 111 

in devising our research questions:  112 

Population: AD patients 113 

Intervention: Dupilumab 114 

Comparator: Placebo 115 

Outcomes: 116 

1. Skin infection; 117 

2. Overall herpetic infections (of any organ system); 118 

3. Eczema herpeticum; and 119 

4. Overall infections or infestation of any organ system. 120 

 Setting: Randomized controlled trials 121 

 There was some heterogeneity among the RCTs in the terms used for overall skin 122 

infections. Terms from the RCTs included in our study as skin infections were “skin infections,”8 123 

“skin structures and soft tissue infections,”12 “adjudicated skin infection”10 and “non-herpetic 124 

skin infections.”13 125 

 We included randomized, placebo-controlled trials of the use of subcutaneous dupilumab 126 

in patients with AD. We excluded observational studies, reviews, and case reports and studies 127 
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examining the use of dupilumab for other conditions, such as asthma. We included only English-128 

language studies. 129 

 130 

Search Strategy and Screening:  131 

 We searched PubMed using “dupilumab” as our search term without any limitations on 132 

October 6, 2016. Searching beyond PubMed has been shown to have minimal effect on the 133 

results of systematic reviews and meta-analyses.14 Titles and abstracts were independently 134 

screened by both authors using abstrackr (Beta Version; Providence, RI)15 based on our pre-135 

determined inclusion criteria. Full text review for inclusion in the study was conducted by both 136 

authors (PF & AMD). We planned to adjudicate any disagreement by consensus. The reference 137 

lists of included studies were manually searched for potentially relevant studies. During peer 138 

review, it was suggested that we update our search to include newly published literature; this was 139 

done on June 15, 2017.  140 

 141 

Data Extraction: 142 

 One reviewer extracted data on study characteristics (study author, year, study design, 143 

study duration, number of participants randomized, number of participants analyzed in safety 144 

analysis and industry funding), participant characteristics (age in years, sex (% male), race (% 145 

Caucasian), average baseline Eczema Activity Severity Index (EASI) score, and study 146 

intervention (dose and route of dupilumab and whether concomitant topical steroids were 147 

allowed) and outcome data (overall skin infections, overall herpetic infections, eczema 148 

herpeticum, overall infections of any organ systems). When data for an outcome was not 149 
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available for a study, the study sponsors were contacted to obtain results; we were unable to 150 

obtain any unpublished data.  151 

 152 

Statistical Analysis: 153 

 Our outcomes were compared between study subjects with AD receiving dupilumab and 154 

those receiving placebo. For skin, herpes and overall infections, we conducted binary random 155 

effects meta-analysis using the DerSimonian-Laird method and a correction factor of 0.5 to 156 

calculate risk ratios (RR) and 95% confidence intervals (CI). For the analysis of eczema 157 

herpeticum, we calculated odds ratios (OR) using the Peto method as this is a more appropriate 158 

method for rare outcomes. Alpha was set at 0.05 and all statistical tests were 2-sided. We 159 

calculated the I2 statistic and chi-squared test for heterogeneity. 160 

 For each outcome, the primary analysis included all doses of dupilumab or placebo used 161 

as monotherapy or with concomitant topical corticosteroids over the full duration of each trial. 162 

We conducted secondary analyses that separately examined each of the 2 most common 163 

dupilumab dosing schedules (300 mg once weekly and 300 mg every other week). We conducted 164 

sensitivity analyses in which studies that allowed for concomitant use of topical corticosteroids 165 

were excluded. During peer review, it was suggested that we analyze results by treatment 166 

duration; sensitivity analyses were therefore conducted limiting included inclusion to trials of 16 167 

weeks’ duration, which was the only duration used in more than 2 trials. All statistical analyses 168 

were conducted using OpenMeta[Analyst] software (http://www.cebm.brown.edu/openmeta/). 169 

 170 

Risk of Bias: 171 
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We completed a detailed risk of bias assessment at the study level using the Cochrane 172 

Risk of Bias tool.16 To assess for publication bias, we searched the gray literature using 173 

clinicaltrials.gov and the WHO ICTRP databases.  174 

 175 

Deviations from the Registered Protocol: 176 

 Eczema herpeticum was added as an outcome of interest after registration of the protocol. 177 

The secondary and sensitivity analyses were also added after protocol registration once we 178 

examined the included studies’ designs in detail. 179 

 180 

  181 
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Results: 182 

 Our initial search yielded 62 articles (Figure 1). After full-text review, we included 7 183 

RCTs from 3 publications.8, 10, 12 Our updated search retrieved an additional 28 new titles and 184 

abstracts, with 1 additional RCT meeting our inclusion criteria.13 In total, we included 8 RCTs 185 

with 2706 adult participants with moderate-to-severe AD randomized to dupilumab or placebo 186 

(Table 1). Two of the trials reported in Beck et al. were combined in the safety analysis of the 187 

published trial manuscript.8 The included trials ranged from Phase I to Phase III with durations 188 

ranging from 4 to 52 weeks. 189 

 In our analysis including all dosing schedules, dupilumab was associated with a 190 

decreased risk of skin infections (RR=0.54, 95% CI: 0.42-0.70; Figure 2). There was no 191 

significant association between dupilumab and herpes infections (RR=1.16 95% CI: 0.78-1.74; 192 

Figure 3). Dupilumab was associated with decreased odds of eczema herpeticum (OR=0.34, 95% 193 

CI: 0.14-0.84; Figure 4). There was no association between dupilumab and overall infection risk 194 

(RR=0.98, 95% CI: 0.83-1.16; Figure 5). There was no statistically significant heterogeneity in 195 

any of our primary analyses. 196 

The effect estimates for skin infections, herpes infections and overall infections were 197 

similar for the 300 mg once weekly and 300 mg every other week dosing schedules. The 198 

negative association between dupilumab and eczema herpeticum was attenuated and was no 199 

longer significant when the analysis was limited to the 300 mg weekly dosing arms. For skin 200 

infections, herpes infections and overall infections, there were no material changes in the 201 

sensitivity analyses excluding trials with concomitant topical corticosteroid use or restricted to 202 

trials of 16 weeks’ duration. Dupilumab was no longer associated with lower risk of eczema 203 
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herpeticum when excluding RCTs with concomitant topical corticosteroid use or restricted to 204 

only 16 weeks’ duration, primarily due to exclusion of the 1-year RCT.13 205 

All studies were considered to be generally at low risk of bias (Table 2). However, Beck 206 

et al. does not present data on overall herpes infections and overall infections and Thaçi et al. 207 

does not present data on overall infections.8, 12 Additionally, there are minor discrepancies in the 208 

number randomized and number included in the safety analysis for SOLO1 and SOLO2 and 209 

Blauvelt et al., including sample sizes being larger in the safety analysis than the number 210 

randomized.10, 13 All included studies were industry-sponsored. Our search of trial registries 211 

returned 3 completed but unpublished studies and 2 ongoing studies. After our updated search, 1 212 

of those studies (Blauvelt et al.) had been published.13 213 

  214 
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Discussion:  215 

 In this meta-analysis of published RCTs, treatment with dupilumab was associated with a 216 

46% decrease in skin infections compared with placebo. This finding was robust to sensitivity 217 

analyses examining results by different doses, treatment duration and dupilumab monotherapy. 218 

Dupilumab was also associated with a decrease in eczema herpeticum, primarily driven by the 219 

results of an RCT with 1 year follow-up.13 Dupilumab was associated with a non-significant 220 

increase in herpes infections and we found no association with overall infection risk. 221 

 The reason for the decrease in skin infections and eczema herpeticum with dupilumab is 222 

unknown, but normalization of the skin barrier and microbiome and treatment of the aberrant 223 

immune response in AD are likely candidates. Other anti-inflammatory treatments, namely 224 

topical betamethasone and pimecrolimus, have been shown to improve epidermal barrier 225 

dysfunction in AD.17 Treatment with topical anti-inflammatory treatments has also been shown 226 

to improve microbial diversity.18 Excess IL-4 and IL-13 are associated with lower beta-227 

defensins; as such, a dupilumab-induced decrease in IL-4 and IL-13 signaling may lead to an 228 

increase in beta-defensins and a corresponding decrease in infection risk.19  229 

 Placebo-controlled RCTs of other systemic and topical agents for AD have not 230 

consistently reported infection rates, making external comparisons difficult.20-24 Topical 231 

crisaborole, an inhibitor of phosphodiesterase-4, appeared to decrease skin infection rates in 232 

patients with mild-to-moderate AD in its Phase III RCTs.25 In a recent RCT comparing topical 233 

emollients and cortisocosteroids vs. topical or oral antibiotics for mildly infected pediatric AD, 234 

anti-inflammatory treatment alone was sufficient to treat the infection.26 These findings suggest 235 

that the lower rates of skin infection seen in our study are related to improvement in AD disease 236 

activity, rather than a specific effect of dupilumab. Examining patient-level data on AD severity 237 
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and skin infections in the dupilumab RCTs would help provide further insights into this 238 

relationship. 239 

 Eczema herpeticum is an uncommon but serious complication of AD caused by herpes 240 

simplex viruses that can lead to death and requires treatment with systemic antiviral 241 

medications.27, 28 Studies have shown that IL-4 and IL-13 decrease epidermal LL-37, an 242 

antimicrobial peptide active against herpes simplex viruses29-31 and that IL-4 and IL-13 enhance 243 

HSV-1 replication.32 Thus, blocking IL-4 and IL-13 may have specific antiviral effects. 244 

 The effect of dupilumab on other herpes infections is less clear. Counting statistics and 245 

effect measures such as relative risk are insufficient to fully understand the impact on herpes 246 

virus infections. Episodes of orogenital herpes simplex may be recurrent and treatment is often 247 

aimed at abbreviating an episode; therefore, details such as frequency and duration of outbreaks 248 

would be beneficial. Future studies examining the impact of dupilumab on herpesviruses in more 249 

detail are warranted. 250 

 Given associations between AD and extracutaneous infections,4, 7 one could hypothesize 251 

that disease control with targeted therapy has the potential to decrease overall infection risk. 252 

Conversely, it is unknown what, if any, immunosuppressive effects targeting of IL-4 and IL-13 253 

with dupilumab in humans may have. In our study, we found no association between dupilumab 254 

and overall infection risk in AD patients. In an RCT of dupilumab for asthma, bacterial 255 

infections were seen in 2% of subjects in the placebo arm and 0-1% of subjects in the dupilumab 256 

arms.33 257 

 Our study has several strengths and limitations. Our analyses are comprehensive and 258 

include all published RCTs to date. We registered our protocol in advance, but one outcome 259 

(eczema herpeticum) was added after protocol registration. Our inclusion of 4 primary outcomes 260 
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may have led to issues with multiplicity and over-estimation of statistical significance; however, 261 

correcting for multiplicity is generally not encouraged for meta-analyses.16 We rely exclusively 262 

on data from RCTs which typically have high internal validity but low generalizability. 263 

Heterogeneous terms were used in the RCTs to describe overall skin infections and, for 2 264 

outcomes (herpes infections and overall infections), data was not reported in all trials. Future 265 

RCTs of treatments for AD should report infectious adverse events in a more standardized 266 

fashion to enable comparisons. Most included studies are of short duration (≤16 weeks); longer 267 

studies with more patients will enable more precise estimates of the impact of dupilumab on 268 

various infections will be possible.  269 

Conclusion: 270 

Dupilumab was associated with decreased skin infections and eczema herpeticum in our meta-271 

analysis of 8 placebo-controlled RCTs. We did not find an association between dupilumab and 272 

overall herpes virus infections or infections and infestations. The mechanism underlying 273 

dupilumab’s effects on skin infections is uncertain, but is likely related to improvement in AD 274 

severity.  275 

 276 

Acknowledgment: 277 

We thank Dr. Thomas Trikalinos of the Center for Evidence Based Medicine at Brown 278 

University for his advice on our statistical methodology.  279 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

14 

 

References:  280 

1. Silverberg JI, Garg NK, Paller AS, Fishbein AB , Zee PC. Sleep disturbances in adults with 281 

eczema are associated with impaired overall health: a US population-based study. The Journal of 282 

investigative dermatology 2015;135:56-66. 283 

2. Malajian D , Guttman-Yassky E. New pathogenic and therapeutic paradigms in atopic 284 

dermatitis. Cytokine 2015;73:311-8. 285 

3. Leyden JJ, Marples RR , Kligman AM. Staphylococcus aureus in the lesions of atopic 286 

dermatitis. The British journal of dermatology 1974;90:525-30. 287 

4. Langan SM, Abuabara K, Henrickson SE, Hoffstad O , Margolis DJ. Increased risk of 288 

cutaneous and systemic infections in atopic dermatitis - A cohort study. The Journal of 289 

investigative dermatology 2017. 290 

5. Leung DY. Infection in atopic dermatitis. Curr Opin Pediatr 2003;15:399-404. 291 

6. Hata TR , Gallo RL. Antimicrobial peptides, skin infections, and atopic dermatitis. Semin 292 

Cutan Med Surg 2008;27:144-50. 293 

7. Strom MA , Silverberg JI. Association between atopic dermatitis and extracutaneous 294 

infections in US adults. The British journal of dermatology 2016. 295 

8. Beck LA, Thaci D, Hamilton JD, Graham NM, Bieber T, Rocklin R et al. Dupilumab 296 

treatment in adults with moderate-to-severe atopic dermatitis. The New England journal of 297 

medicine 2014;371:130-9. 298 

9. Han Y, Chen Y, Liu X, Zhang J, Su H, Wen H et al. Efficacy and safety of dupilumab for the 299 

treatment of adult atopic dermatitis: A meta-analysis of randomized clinical trials. The Journal of 300 

allergy and clinical immunology 2017. 301 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

15 

 

10. Simpson EL, Bieber T, Guttman-Yassky E, Beck LA, Blauvelt A, Cork MJ et al. Two Phase 302 

3 Trials of Dupilumab versus Placebo in Atopic Dermatitis. The New England journal of 303 

medicine 2016. 304 

11. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP et al. The PRISMA 305 

statement for reporting systematic reviews and meta-analyses of studies that evaluate health care 306 

interventions: explanation and elaboration. PLoS medicine 2009;6:e1000100. 307 

12. Thaci D, Simpson EL, Beck LA, Bieber T, Blauvelt A, Papp K et al. Efficacy and safety of 308 

dupilumab in adults with moderate-to-severe atopic dermatitis inadequately controlled by topical 309 

treatments: a randomised, placebo-controlled, dose-ranging phase 2b trial. Lancet 2015. 310 

13. Blauvelt A, de Bruin-Weller M, Gooderham M, Cather JC, Weisman J, Pariser D et al. Long-311 

term management of moderate-to-severe atopic dermatitis with dupilumab and concomitant 312 

topical corticosteroids (LIBERTY AD CHRONOS): a 1-year, randomised, double-blinded, 313 

placebo-controlled, phase 3 trial. Lancet 2017;389:2287-303. 314 

14. Halladay CW, Trikalinos TA, Schmid IT, Schmid CH , Dahabreh IJ. Using data sources 315 

beyond PubMed has a modest impact on the results of systematic reviews of therapeutic 316 

interventions. Journal of clinical epidemiology 2015;68:1076-84. 317 

15. Rathbone J, Hoffmann T , Glasziou P. Faster title and abstract screening? Evaluating 318 

Abstrackr, a semi-automated online screening program for systematic reviewers. Syst Rev 319 

2015;4:80. 320 

16. Higgins J. Green S. Cochrane handbook for systematic reviews of interventions version 5.1. 321 

0. The Cochrane Collaboration, 20112013. 322 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

16 

 

17. Jensen JM, Pfeiffer S, Witt M, Brautigam M, Neumann C, Weichenthal M et al. Different 323 

effects of pimecrolimus and betamethasone on the skin barrier in patients with atopic dermatitis. 324 

The Journal of allergy and clinical immunology 2009;123:1124-33. 325 

18. Kong HH, Oh J, Deming C, Conlan S, Grice EA, Beatson MA et al. Temporal shifts in the 326 

skin microbiome associated with disease flares and treatment in children with atopic dermatitis. 327 

Genome Res 2012;22:850-9. 328 

19. Albanesi C, Fairchild HR, Madonna S, Scarponi C, De Pita O, Leung DY et al. IL-4 and IL-329 

13 negatively regulate TNF-alpha- and IFN-gamma-induced beta-defensin expression through 330 

STAT-6, suppressor of cytokine signaling (SOCS)-1, and SOCS-3. J Immunol 2007;179:984-92. 331 

20. Ruzicka T, Hanifin JM, Furue M, Pulka G, Mlynarczyk I, Wollenberg A et al. Anti-332 

Interleukin-31 Receptor A Antibody for Atopic Dermatitis. The New England journal of 333 

medicine 2017;376:826-35. 334 

21. Berth-Jones J, Takwale A, Tan E, Barclay G, Agarwal S, Ahmed I et al. Azathioprine in 335 

severe adult atopic dermatitis: a double-blind, placebo-controlled, crossover trial. The British 336 

journal of dermatology 2002;147:324-30. 337 

22. Sowden JM, Berth-Jones J, Ross JS, Motley RJ, Marks R, Finlay AY et al. Double-blind, 338 

controlled, crossover study of cyclosporin in adults with severe refractory atopic dermatitis. 339 

Lancet 1991;338:137-40. 340 

23. Meggitt SJ, Gray JC , Reynolds NJ. Azathioprine dosed by thiopurine methyltransferase 341 

activity for moderate-to-severe atopic eczema: a double-blind, randomised controlled trial. 342 

Lancet 2006;367:839-46. 343 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

17 

 

24. Ruzicka T, Bieber T, Schopf E, Rubins A, Dobozy A, Bos JD et al. A short-term trial of 344 

tacrolimus ointment for atopic dermatitis. European Tacrolimus Multicenter Atopic Dermatitis 345 

Study Group. The New England journal of medicine 1997;337:816-21. 346 

25. Paller AS, Tom WL, Lebwohl MG, Blumenthal RL, Boguniewicz M, Call RS et al. Efficacy 347 

and safety of crisaborole ointment, a novel, nonsteroidal phosphodiesterase 4 (PDE4) inhibitor 348 

for the topical treatment of atopic dermatitis (AD) in children and adults. Journal of the 349 

American Academy of Dermatology 2016;75:494-503 e6. 350 

26. Francis NA, Ridd MJ, Thomas-Jones E, Butler CC, Hood K, Shepherd V et al. Oral and 351 

Topical Antibiotics for Clinically Infected Eczema in Children: A Pragmatic Randomized 352 

Controlled Trial in Ambulatory Care. Ann Fam Med 2017;15:124-30. 353 

27. Ong PY , Leung DY. Bacterial and Viral Infections in Atopic Dermatitis: a Comprehensive 354 

Review. Clin Rev Allergy Immunol 2016;51:329-37. 355 

28. Sanderson IR, Brueton LA, Savage MO , Harper JI. Eczema herpeticum: a potentially fatal 356 

disease. Br Med J (Clin Res Ed) 1987;294:693-4. 357 

29. Franzen-Rohl E, Schepis D, Atterfelt F, Franck K, Wikstrom A, Liljeqvist JA et al. Herpes 358 

simplex virus specific T cell response in a cohort with primary genital infection correlates 359 

inversely with frequency of subsequent recurrences. Sex Transm Infect 2017;93:169-74. 360 

30. Howell MD, Gallo RL, Boguniewicz M, Jones JF, Wong C, Streib JE et al. Cytokine milieu 361 

of atopic dermatitis skin subverts the innate immune response to vaccinia virus. Immunity 362 

2006;24:341-8. 363 

31. Howell MD, Wollenberg A, Gallo RL, Flaig M, Streib JE, Wong C et al. Cathelicidin 364 

deficiency predisposes to eczema herpeticum. The Journal of allergy and clinical immunology 365 

2006;117:836-41. 366 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

18 

 

32. Kim BE, Bin L, Ye YM, Ramamoorthy P , Leung DY. IL-25 enhances HSV-1 replication by 367 

inhibiting filaggrin expression, and acts synergistically with Th2 cytokines to enhance HSV-1 368 

replication. The Journal of investigative dermatology 2013;133:2678-85. 369 

33. Wenzel S, Castro M, Corren J, Maspero J, Wang L, Zhang B et al. Dupilumab efficacy and 370 

safety in adults with uncontrolled persistent asthma despite use of medium-to-high-dose inhaled 371 

corticosteroids plus a long-acting beta2 agonist: a randomised double-blind placebo-controlled 372 

pivotal phase 2b dose-ranging trial. Lancet 2016;388:31-44. 373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 

 381 

 382 

 383 

  384 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

19 

 

Table Legends: 385 

 386 

Table 1 - Description of included studies 387 

 388 

Supplementary Table 1 – Risk of bias assessment for included studies 389 

 390 

 391 

Figure Legends: 392 

 393 

Figure 1 – PRISMA flow diagram 394 

Figure 2 – Forest plot for the relative risk of skin infections for all doses of dupilumab 395 

compared with placebo 396 

Figure 3 – Forest plot for the relative risk of herpes virus infections for all doses of 397 

dupilumab compared with placebo 398 

Figure 4 - Forest plot for the odds ratio of eczema herpeticum for all doses of dupilumab 399 

compared with placebo 400 

Figure 5 - Forest plot for the relative risk of overall infections and infestations for all doses 401 

of dupilumab compared with placebo 402 

 403 

 404 

 405 

 406 

 407 

 408 

 409 

 410 

 411 
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Table 1. Description of included studies 412 

 413 

Study ID Study Design & 
Duration 

TCS Use Intervention 
Arms 

Number 
randomized 

Age, 
years 
(mean, 
SD) 

Sex (n, 
% male) 

N, % 
Caucasian  

Mean 
Baseline 
EASI 
(SD) 

Beck et al., 
2014A/B 

Phase 1 RCT 
(Combined US and 
Global study) with 
4-week follow-up 

Not 
individually 
reported 

Placebo 
 

16 
 

37.4 (4.3) 
 

11 
(69%)  

13 (81%)  
 
 

22.8 (3.0) 
 
 

Dupilumab 75 
mg (n=8), 150 
mg (n=22), or 
300 mg (n=21) 
once weekly 

51 42.6 (1.9) 28 
(55%) 

39 (76%)  
 

30.0 (2.0) 

Beck et al., 2014C Phase 2a RCT with 
12-week follow-up 

Not 
individually 
reported 

Placebo  54 39.4 (1.7) 27 
(50%)  

54 (100%)  30.8 (1.9) 

Dupilumab 
300mg once 
weekly 

 55 33.7 (1.4) 31 
(56%)  

55 (100%) 28.4 (1.8) 

Beck et al., 2014D Phase 2a RCT with 
4-week follow-up 

Yes Placebo + TCS 
 

10 37.8 (5.3) 
 

5 (50%)  
 

10 (100%)  24.1 (4.0) 
 
 

Dupilumab 
300mg once 
weekly + TCS  
 

 21 36.0 (2.5) 8 (38%)  
 

20 (95%)  
 

23.1 (2.7) 

ThaçI et al., 2015 Phase 2b RCT 
dose-finding study 
of Dupilumab with 
16-week follow-up 

Not 
individually 
reported 
(counted as 
non-
responders 
with other 
therapies)  

Placebo  61 37.2 (13.1) 40 
(66%) 

NR 32.9 (12.8) 

Dupilumab 300 
mg every other 
week 

 64 39.4 (12.1) 41 
(64%) 

NR 33.8 (14.5) 
 

Dupilumab 300 
mg once 
weekly 

 63 36.2 (10.7) 43 
(68%) 

NR 30.1 (11.2) 
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Dupilumab 200 
mg every other 
week 

 62 35.8 (14.9) 36 
(59%) 

NR 32.9 (15.5) 

Dupilumab 300 
mg every 4 
weeks 

 65 36.8 (10.8) 40 
(62%) 

NR 29.4 (11.5) 
 

Dupilumab 100 
mg every 4 
weeks 

 65 36.6 (11.6) 34 
(52%) 

 

NR 32.2 (13.5) 

Simpson et al., 
2016A (SOLO 1) 

Phase 3 RCT with 
16-week follow-up 

Not 
individually 
reported  

Placebo 
 

 224 Median 
(IQR): 
39.0  
(27.0–
50.5)  

118 
(53%)  

146 (65%)  Median 
(IQR): 
31.8 
(22.2–
43.8)  

Dupilumab 
300mg every 
other week 
 

 224 Median 
(IQR): 
38.0  
(27.5–
48.0)  

130 
(58%)  

155 (69%)  Median 
(IQR): 
30.4 
(21.5–
40.8) 

Dupilumab 
300mg once 
weekly 

223 Median 
(IQR): 
39.0  
(27.0–
51.0) 

142 
(64%)  
 

149 (57%)  
 

Median 
(IQR): 
29.8 
(22.0–
41.2) 

Simpson et al., 
2016B (SOLO 2) 

Phase 3 RCT with 
16-week follow-up 

Not 
individually 
reported 

Placebo 236 Median 
(IQR): 
35.0 
(25.0–
47.0) 

132 
(56%)  

156 (66%)  Median 
(IQR): 
30.5 
(22.1–
41.7)  

Dupilumab 
300mg every 
other week 

233 Median 
(IQR): 
34.0 
(25.0–
46.0) 
 

137 
(59%)  
 

165 (71%)  
 

Median 
(IQR): 
28.6 
(21.0–
40.1) 
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 414 

Table 1 continues on next page  415 

Dupilumab 
300mg once 
weekly 

239 Median 
(IQR):  
35.0 
(25.0–
46.0) 

139 
(58%)  
 

168 (70%)  
 

Median 
(IQR): 
29.0 
(21.2–
41.8) 
 

Blauvelt et al. 
2017 

Phase 3 RCT with 1 
year follow-up 

Yes 
 

Placebo + TCS 
 

 315 Median 
(IQR): 
34.0 
(25.0–
45.0) 

193 
(61%) 

208 (66%) Median 
(IQR): 
29·6 
(22·2–
40·8) 

Dupilumab 300 
mg every other 
week + TCS 
 

 106 Median 
(IQR): 
40.5 (28.0-
49.0) 

62 
(58%) 
 

74 (70%) Median 
(IQR): 
30.9 
(22.3–
41.6) 

Dupilumab 300 
mg every week 
+ TCS 

 319 Median 
(IQR): 
34.0 
(26.0–
45.0) 

191 
(60%) 

208 (65%) 
 

Median 
(IQR): 
29.0 
(21.6–
40.7) 
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Note these 2 columns are 
placeholders and can be deleted if the 
entire table can be fitted on 1 page in 
the journal 

 

Study ID Study 
Intervention 

Number in 
Safety 
Analysis 

Overall Skin 
Infections 
(n, %) 

Overall Herpetic 
Infections 
(n, %) 

Eczema 
Herpeticum  
(n, %) 

Overall Infections of 
All Organ Systems 
(n, %) 

Beck et al., 
2014A/B 

Placebo 16 2 (13%)  NR 0 (0%)  NR 

Dupilumab 51 2 (4%)  NR 0 (0%)  NR 
Beck et al., 
2014C 

Placebo 54 13 (24%)  NR 2 (3.6%)  NR 

Dupilumab 55 3 (6%) NR 0 (0%)  NR 
Beck et al., 
2014D 

Placebo  10 1 (10%)  NR 0 (0%)  NR 
Dupilumab 21 1 (6%) NR 0 (0%)  NR 

Thaçi et al., 2015 Placebo 61 5 (8%) 1 (2%) 0 (0%) NR 
Dupilumab 300 
mg every other 
week 

64 5 (8%) 5 (8%) 
 

0 (0%) 
 

NR 
 

Dupilumab 300 
mg once weekly 

63 3 (5%) 3 (5%) 
 

1 (2%) 
 

NR 
 

Dupilumab 200 
mg every other 
week 

61 5 (8%) 6 (10%) 1 (2%) NR 

Dupilumab 300 
mg every 4 
weeks 

65 3 (5%) 4 (6%) 
 

0 (0%) 
 

NR 

Dupilumab 100 
mg every 4 
weeks 

65 5 (8%) 8 (12%) 0 (0%) 
 

NR 

Simpson et al., 
2016A (SOLO 1) 

Placebo 222 18 (8%)  9 (4%) 2 (1%) 63 (28%) 
Dupilumab 
300mg every 
other week 

229 13 (6%) 15 (7%) 
 

1 (0.4%) 
 

80 (35%) 
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 416 

EASI: Eczema Area and Severity Index; NR: Not reported; RCT: Randomized controlled trial; TCS: Topical corticosteroids 417 

 418 

Dupilumab 300 
mg weekly 

218 14 (6%) 9 (4%) 1 (0.5%) 74 (34%) 

Simpson et al., 
2016A (SOLO 2) 

Placebo 234 26 (11%) 
 

8 (3%) 1 (0.4%) 76 (32%) 

Dupilumab 
300mg every 
other week 

236 13 (6%) 
 

10 (4%) 
 

2 (0.8%) 
 

65 (28%) 
 

Dupilumab 300 
mg weekly 

237 15 (6%) 12 (5%) 0 (0%) 68 (29%) 

Blauvelt et al. 
2017 

Placebo 315 56 (18%) 25 (8%) 6 (2%) 182 (58%) 

Dupilumab 
300mg every 
other week 

110 12 (11%) 8 (7%) 1 (1%) 63 (57%) 

Dupilumab 300 
mg weekly 

315 26 (8%) 22 (7%) 0 (0%) 166 (53%) 
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Supplementary Table 1. Risk of bias assessment 
 

Study ID Adequate 
Generation of a 
Random 
Sequence 

Adequate 
Allocation 
Concealment  

Adequate 
Blinding of 
Participants   

Adequate 
Blinding of 
Treaters 

Adequate 
Blinding of 
Outcome 
Assessors  

Complete 
Outcome 
Data  

Complete 
Reporting 

Other 
Bias 

Beck et al., 
2014A/B 

Yes Yes 
 

Yes Yes Yes Yes No None 
identified 

Beck et al., 2014C 
 

Yes Yes 
 

Yes Yes Yes Yes No None 
identified 

Beck et al., 
2014D 

Yes Yes 
 

Yes Yes Yes Yes No None 
identified 

Thaçi et al., 2015 
 

Yes Yes 
 

Yes Yes Yes Yes No None 
identified 

Simpson et al., 
2016A (SOLO 1) 

Yes Yes 
 

Yes Yes Yes Unclear Yes None 
identified 

Simpson et al., 
2016A (SOLO 2) 

Yes Yes 
 

Yes Yes Yes Unclear Yes None 
identified 

Blauvelt et al., 
2017 

Yes Yes Yes Yes Yes Unclear Yes None 
identified 

 
 
 
 
 


