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Abstract
Background  Atopic dermatitis (AD) is a chronic inflammatory skin disease that affects both patients and their families. 
Current therapies often alleviate symptoms but do not prevent or eradicate the disease.
Objectives  Our objective was to determine whether pancreatic enzyme supplementation is an effective and safe treatment 
in refractory pediatric AD associated with food allergies.
Methods  We conducted an open-label pilot study using a case–control design. Patients with severe AD and known food 
allergies refractory to conventional therapies and exclusion diets were recruited and treated for 6 weeks with oral supplemen-
tation of pancreatic enzymes. The primary endpoint was the severity of AD, using the Scoring Atopic Dermatitis (SCORAD) 
index. Secondary measures included markers of intestinal permeability (urinary sucrose and lactulose/mannitol excretion).
Results  A total of 11 patients met all eligibility criteria and completed the trial. Significant improvement in AD was observed 
after 6 weeks of pancreatic enzyme supplementation (SCORAD index 52.3 ± 5.5 vs. 34.6 ± 7.6; p = 0.0008). Beneficial effect 
was observed in 9 of 11 patients, without adverse events. Fractional urinary sucrose excretion improved to a level comparable 
to that of age-matched controls (p < 0.05). However, urinary lactulose:mannitol ratios remained abnormally high compared 
with those of controls (p = 0.01).
Conclusions  Pancreatic enzyme supplementation was associated with improved AD and gastroduodenal permeability. Addi-
tional randomized placebo-controlled studies are required before this treatment can be recommended in this clinical setting.

Key Points 

Abnormal intestinal barrier function was observed in 
children with atopic dermatitis (AD) and food allergies, 
supporting the hyperpermeable gut as a contributing fac-
tor to pathogenesis.

This is the first study supporting pancreatic enzyme sup-
plementation in patients with AD with food allergies, as 
pancreatic enzyme supplementation resulted in signifi-
cant clinical improvement.

In children with severe AD and food allergies, the 
observed association between pancreatic enzyme sup-
plementation and improved gastroduodenal permeability 
is novel.
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1  Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin 
condition that affects more than 10% of children, making it 
the most common pediatric skin disease worldwide [1–5]. 
AD significantly affects the quality of life of both patients 
and their families, and recent studies reveal strong associa-
tions between AD and mental health disorders, poor school 
performance, and family dysfunction [5–8].

AD is generally characterized by fluctuating periods of 
relapse and remission. Most first-line treatment algorithms 
for preventing relapses are based on topical hydrating thera-
pies and avoidance of provocation factors [9–11]. Exacer-
bation management usually requires an anti-inflammatory 
treatment, with topical corticosteroids as the cornerstone 
therapy and topical calcineurin inhibitors (tacrolimus and 
pimecrolimus) as effective second-line therapies [12–14]. 
Systemic anti-inflammatory treatments such as immu-
nomodulators (methotrexate and azathioprine) are indicated 
for severe or refractory cases, whereas systemic corticoster-
oids are generally not recommended in pediatric patients 
because of the associated long-term side effects and the high 
risk of relapse after discontinuation [9, 15, 16]. Although 
current therapies usually provide symptom relief, they do 
not prevent or eradicate the disease. In addition, the disease 
follows a more aggressive course in patients with moderate-
to-severe AD, making management difficult [17].

Numerous studies have suggested that multiple, often 
unrecognized, food allergies are frequently implicated in 
the pathogenesis of AD [18–22]. Food allergies are more 
likely in severe AD refractory to standard therapy [1, 
5, 21, 23]. More than 30% of toddler-age children with 
moderate-to-severe food allergies have AD, and food aller-
gens may provoke flares of AD in sensitized individuals 
[3, 24–28]. Allergen avoidance, antihistamines, mast cell 
stabilizers, and topical steroids or tacrolimus fail to control 
symptoms in severe cases.

Children with AD often have increased intestinal per-
meability [29]. Duodenal biopsies have shown increased 
intestinal permeability to augment antigen transfer across 
the gut mucosa, contributing to immune responses to food 
allergens and food-related AD flares in sensitized individuals 
[30]. Moreover, a correlation has been established between 
intestinal hyperpermeability and exocrine pancreatic dys-
function [31]. Eosinophilic infiltration of the intestinal 
mucosa is commonly observed in milk-allergic children with 
severe AD. Allergic (eosinophilic) colitis is rarely seen after 
infancy [32], partly because of the maturation of pancreatic 
exocrine function allowing for more complete hydrolysis of 
food allergens in the small bowel [19, 33]. Similarly, AD 
flares to common food allergens are seen much less fre-
quently in adults than in children [24, 25].

We hypothesized that unknown allergens can induce 
intestinal inflammation and disrupt the mucosal barrier, 
resulting in excessive intestinal permeability to luminal 
proteins in children with severe AD refractory to standard 
medical therapy. The major aims of this study were to (1) 
determine whether pancreatic enzyme supplementation is 
effective and safe in the treatment of children with refractory 
AD associated with food allergies, (2) investigate whether 
skin lesions correlate with excessive intestinal permeability, 
and (3) establish whether the clinical improvement subse-
quent to pancreatic enzyme supplementation is reflected by 
reduced intestinal hyperpermeability.

2 � Patients and Methods

Patients (aged 1–18 years) were recruited from the Pediatric 
Dermatology Clinic at Sainte Justine Hospital if they met 
the following two criteria: (1) AD, as defined by Hanifin 
and Raika [34], refractory to conventional treatment (includ-
ing avoidance of established food allergens for each patient, 
emollients, topical corticosteroids, mast cell stabilizers) for 
at least 4 months; and (2) type I (immunoglobulin E [IgE]-
mediated) food allergies demonstrated by clinical history 
and supported by positive skin prick tests and/or serum IgE 
testing to specific food allergens by enzyme allergosorb-
ent test [32]. Patients were excluded if they had any active 
skin infection requiring topical or systemic antibiotics in 
the 2 weeks before screening. Patients with known inflam-
matory bowel disorders such as Crohn’s disease, ulcerative 
colitis, or celiac disease were also excluded, as were patients 
with other systemic diseases. Any modification of topical or 
systemic treatment during the 2 weeks before screening was 
also an exclusion criterion.

The severity of the AD was assessed by a dermatolo-
gist using the Scoring Atopic Dermatitis (SCORAD) index 
[35], a validated objective measure of the extent and inten-
sity of AD lesions. It also evaluates the patient’s subjective 
symptoms such as itchiness and sleeplessness using a visual 
analog scale. Intestinal permeability was measured using 
standard probes: urinary sucrose excretion, known to cor-
relate with abnormal gastroduodenal permeability [36–38], 
and the urinary lactulose:mannitol ratio, where an increased 
ratio (> 0.3) is indicative of abnormal small bowel perme-
ability [39]. These probes were measured by high-perfor-
mance liquid chromatography in a 5-h urine collection after 
an overnight fast. Consenting age-matched healthy controls 
(n = 8) without a history of AD or food allergies, recruited 
from the Orthopedic clinic, underwent intestinal permeabil-
ity testing, as described.

After these baseline evaluations, patients received 
pancreatic enzyme supplements for 6  weeks. Children 
aged < 7 years received the contents of a single capsule 
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containing 37,500 units of proteases (Creon 10R, Solvay 
Pharma) with each meal and one-half of a capsule with 
snacks. The dose was doubled for older patients. A repeat 
SCORAD assessment and intestinal permeability testing 
were carried out at the end of the 6-week treatment period. 
Informed consent was obtained after the Institutional Review 
Board-approved protocol was discussed with the patient and/
or a parent/legal guardian.

Data were expressed as mean ± standard error of the mean 
(SEM). Statistical analyses were carried out using paired 
T tests for normally distributed data or the Wilcoxon rank 
sum test for non-normally distributed data. Results from the 
same subjects were compared before and after treatment. A 
p value < 0.05 was considered significant.

3 � Results

In total, 16 children met all eligibility criteria. Four were 
withdrawn because of religious dietary restrictions, as the 
pancreatic enzyme supplement is of porcine origin. One 
other patient was non-compliant, leaving 11 patients (eight 
males, three females) who completed the study protocol.

Pancreatic enzyme supplementation significantly 
decreased the severity of AD, as measured by the SCORAD 
index (52.3 ± 5.5 vs. 34.6 ± 7.6, respectively; p = 0.0008). 
Clinical improvements were observed in 9 of 11 cases 
(Fig. 1). An intent-to-treat analysis including the non-com-
pliant case yielded a success rate of 75% (9/12).

As shown in Fig. 2, pretreatment intestinal permeabil-
ity was significantly greater in patients with AD than in 

controls. Gastroduodenal permeability, as measured by uri-
nary fractional sucrose excretion, approached normal values 
after treatment in the AD group (Fig. 2a). No improvement 
in sucrose excretion was observed in the two nonresponders. 

Fig. 1   Pancreatic enzyme supplementation (6  weeks) significantly 
improved the severity of atopic dermatitis in a cohort of pediatric 
patients with multiple food allergies. A significant improvement in 
Scoring Atopic Dermatitis (SCORAD) index scores was seen in 9 
of 11 cases. Mean ± standard error scores before and after treatment 
were 52.3 ± 5.5 vs. 34.6 ± 7.6, respectively (p = 0.0008)

Fig. 2   Intestinal permeability tests in a cohort of children with severe 
atopic dermatitis and multiple food allergies. a Sucrose excretion 
rates. The vertical axis shows the mass of sucrose collected in the 
overnight urine specimen after the oral load (g × 1/1000). The frac-
tional urinary excretion of sucrose (mean ± standard error), a marker 
of gastroduodenal permeability, was significantly greater among 
children with atopic dermatitis and multiple food allergies (AD-Pre, 
n = 11) than in age-matched healthy controls ( n = 8); 26.5 ± 5.0 and 
7.7 ± 1.4 (*p < 0.05 by Wilcoxon rank sum test). After treatment 
with pancreatic enzyme supplements for 6  weeks  (AD-Post), the 
fractional urinary sucrose excretion improved to 9.7 ± 1.5, simi-
lar to that in controls). b Small bowel permeability, as measured by 
urinary lactulose:mannitol ratio (normal < 0.025), was significantly 
greater among children with atopic dermatitis and multiple food aller-
gies (AD-Pre) than among controls (0.032 ± 0.01 vs. 0.021 ± 0.005; 
*p = 0.01 by Wilcoxon rank sum test). No significant change was 
seen after treatment with pancreatic enzyme supplements (AD-Post 
0.0039 ± 0.01; p value not significant vs. AD-Pre)
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No improvement in the urinary lactulose:mannitol ratio was 
observed with treatment (Fig. 2b). Pancreatic enzyme sup-
plementation was well tolerated in all cases, without adverse 
events.

4 � Discussion

In this proof-of-principal pilot study, intestinal barrier func-
tion was observed to be abnormal in children with severe AD 
and multiple food allergies, supporting the hyperpermeable 
gut as a contributing factor. Pancreatic enzyme supplementa-
tion resulted in significant, objective clinical improvement 
of dermatitis in 9 of 11 cases (81.8%). However, considering 
the one non-compliant patient, the response rate was 75% 
(9 of 12) on an intent to treat basis. Follow up visits at 3–4 
months  after pancreatic enzyme supplements were initi-
ated were available in 7 of 9 responders. Improvement in 
the dermatitis was sustained in all 7 cases (data not shown). 
Our data suggest that enzymatic degradation of dietary pro-
teins resulted in decreased allergen uptake, improving AD. 
Although we did not investigate pancreatic function, it seems 
unlikely that exocrine pancreatic function was abnormal in 
the absence of symptoms of malabsorption. A study in adult 
AD failed to show evidence for pancreatic proteolytic mal-
digestion as a pathogenetic factor [40]. Pancreatic function 
and gut barrier integrity are known to mature during early 
infancy [41, 42].

Pancreatic enzyme supplementation was associated with 
improved gastroduodenal permeability. However, the urinary 
lactulose:mannitol ratio did not improve. Excessive antigen 
uptake across the intestine has been demonstrated in pediat-
ric patients with atopic eczema employing Ussing chambers 
to measure horseradish peroxidase transport in vitro [30]. 
Excessive permeability may initiate and perpetuate host 
immune responses to common but unidentified intralumi-
nal antigens, including foods. We believe that the pancreatic 
enzyme supplementation could hydrolyze these antigens, 
removing the antigenic stimulus.

Limitations of our study include the open-label design 
and the small study size. The study group also covered a 
broad age range of pediatric patients, from infancy through 
adolescence. This pilot study did not test different doses 
of pancreatic enzyme supplementation or treatment dura-
tions, nor were long-term outcomes tracked for more than 
3 months.

5 � Conclusions

This is the first study supporting the utility of pancre-
atic enzyme supplementation in patients with severe AD 
and multiple food allergies. Our data suggest that AD is 

associated with excessive intestinal permeability and that 
gastroduodenal permeability improved with the enzyme trea-
ment. Based on these pilot results, further studies, includ-
ing varying doses and duration of enzyme therapy using a 
double-blind placebo-controlled design, are warranted.

Acknowledgements  The authors thank Dr. Michael McCann for his 
numerous contributions that stimulated this study.

Compliance with Ethical Standards 

Ethical approval  The study design and consent forms were approved 
by the research institution’s investigational review board, and the study 
was performed in accordance with the ethical standards of the Decla-
ration of Helsinki. Informed consent was obtained from all individual 
participants included in the study or their legal guardians.

Authorship statement  Sanford Singer, Jonathan Meddings, Julie Pow-
ell, Anne Desroches, Ernest G. Seidman participated in the design and 
implementation of the study, data collection and interpretation, and 
manuscript preparation. Jamie Koenekoop participated in updating, 
revising, and preparing the manuscript. All authors approved the final 
version of the article.

Funding  This study was supported by an unrestricted grant from 
Solvay Pharma Canada. Dr. E. Seidman is supported by a Tier 1 Can-
ada Research Chair in Immune-mediated Gastrointestinal Disorders 
and a Canadian Foundation for Innovation Grant. No sources of fund-
ing were used to prepare this manuscript.

Conflict of interest  S. Singer, J. Koenekoop, J. Meddings, J. Powell, A. 
Desroches, and E.G. Seidman have no conflicts of interest relevant to 
the contents of this manuscript.

References

	 1.	 Nguyen TA, Leonard SA, Eichenfield LF. An update on pediatric 
atopic dermatitis and food allergies. J Pediatr. 2015;167(3):752–6.

	 2.	 Werfel T, Schwerk N, Hansen G, Kapp Alexander. The diagno-
sis and graded therapy of atopic dermatitis. Dtsch Arztebl Int. 
2014;111(29–30):509–20.

	 3.	 Hauk PJ. The role of food allergy in atopic dermatitis. Curr 
Allergy Asthma Rep. 2008;8(3):188–94.

	 4.	 Flohr C, Mann J. New insights into the epidemiology of childhood 
atopic dermatitis. Allergy. 2014;69(1):3–16.

	 5.	 Lyons JJ, Milner JD, Stone KD. Atopic dermatitis in children: 
clinical features, pathophysiology, and treatment. Immunol 
Allergy Clin North Am. 2015;35(1):161–83.

	 6.	 Murota H, Kitaba S, Tani M, Wataya-Kaneda M, Azukizawa H, 
Tanemura A, et al. Impact of sedative and non-sedative antihista-
mines on the impaired productivity and quality of life in patients 
with pruritic skin diseases. Allergol Int. 2010;59(4):345–54.

	 7.	 Murota H, Kitaba S, Tani M, Wataya-Kaneda M, Katayama I. 
Effects of nonsedative antihistamines on productivity of patients 
with pruritic skin diseases. Allergy. 2010;65(7):929–30.

	 8.	 Leung DY, Guttman-Yassky E. Deciphering the complexities of 
atopic dermatitis: shifting paradigms in treatment approaches. J 
Allergy Clin Immunol. 2014;134(4):769–79.

	 9.	 Galli E, Neri I, Ricci G, Baldo E, Barone M, Belloni-Fortina A, 
et al. Consensus conference on clinical management of pediatric 
atopic dermatitis. Ital J Pedtr. 2016;42:26.



Pancreatic Enzymes for Atopic Dermatitis

	10.	 Ring J, Alomar A, Bieber T, Deleuran M, Fink-Wagner A, Gel-
metti C. Guidelines for treatment of atopic eczema (atopic derma-
titis) part I. J Eur Acad Dermatol Venereol. 2012;26(8):1045–60.

	11.	 Catherine Mack Correa M, Nebus J. Management of patients with 
atopic dermatitis: the role of emollient therapy. Dermatol Res 
Pract. 2012. https​://doi.org/10.1155/2012/83693​1.

	12.	 Eichenfield LF, Tom WL, Berger TG, Krol A, et al. Guidelines of 
care for the management of atopic dermatitis: section 2. Manage-
ment and treatment of atopic dermatitis with topical therapies. J 
Am Acad Dermatol. 2014;71(1):116–32.

	13.	 El-Batawy MM, Bosseila MA, Mashaly HM, Hafez VS. Paller AS, 
Shwaczenberger K, et al. Topical calcineurin inhibitors in atopic 
dermatitis: a systematic review and meta-analysis. J Dermatol Sci. 
2009;54(2):76–87.

	14.	 Kang S, Lucky AW, Pariser D, Lawrence I, Hanfin JM. Long-
term safety and efficacy of tacrolimus ointment for the treatment 
of atopic dermatitis in children. J Am Acad Dermatol. 2001;44(1 
Suppl):S58–64.

	15.	 Slater NA, Morrell DS. Systemic therapy of childhood atopic der-
matitis. Clin Dermatol. 2015;33(3):289–99.

	16.	 Schram ME, Roekevisch E, Leeflang MM, Bos JD, Schmitt 
J, Spuls PI. A randomized trial of methotrexate versus aza-
thioprine for severe atopic eczema. J Allergy Clin Immunol. 
2011;128(2):353–9.

	17.	 Dhami S, Sheikh A. Estimating the prevalence of aero-allergy and/
or food allergy in infants, children and young people with mod-
erate-to-severe atopic eczema/dermatitis in primary care: multi-
centre, cross-sectional study. J R Soc Med. 2015;108(6):229–36.

	18.	 Sicherer SH, Sampson HA. Food hypersensitivity and atopic der-
matitis: pathophysiology, epidemiology, diagnosis, and manage-
ment. J Allergy Clin Immunol. 1999;104(3 Pt 2):S114–22.

	19.	 Sampson HA. Update on food allergy. J Allergy Clin Immunol. 
2004;113(5):805–19 (quiz 820).

	20.	 Sampson HA. Food allergy. Part 1: immunopathogenesis and clin-
ical disorders. J Allergy Clin Immunol. 1999;103(5 Pt 1):717–28.

	21.	 Sampson HA. Food sensitivity and the pathogenesis of atopic 
dermatitis. J R Soc Med. 1997;90(Suppl 30):2–8.

	22.	 Burks AW, Mallory SB, Williams LW, Shirrell MA. Atopic der-
matitis: clinical relevance of food hypersensitivity reactions. J 
Pediatr. 1988;113(3):447–51.

	23.	 Guillet G, Guillet MH. Natural history of sensitizations in 
atopic dermatitis. A 3-year follow-up in 250 children: food 
allergy and high risk of respiratory symptoms. Arch Dermatol. 
1992;128(2):187–92.

	24.	 Werfel T, Breuer K. Role of food allergy in atopic dermatitis. Curr 
Opin Allergy Clin Immunol. 2004;4(5):379–85.

	25.	 Werfel T, Ballmer-Weber B, Eigenmann PA, Niggenbann B, 
Rance F, Turjanmaa K, et al. Eczematous reactions to food in 
atopic eczema: position paper of the EAACI and GA2LEN. 
Allergy. 2007;62(7):723–8.

	26.	 Greenhawt M. The role of food allergy in atopic dermatitis. 
Allergy Asthma Proc. 2010;31(5):392–7.

	27.	 Wassmann A, Werfel T. Atopic eczema and food allergy. Chem 
Immunol Allergy. 2015;101:181–90.

	28.	 Benhamou AH, Eigenmann PA. Atopic dermatitis and food aller-
gies. Rev Med Suisse. 2007;3(108):1038–43.

	29.	 Rosenfeldt V, Benfeldt E, Valerius NH, Paerregaard A, Michaelsen 
KF. Effect of probiotics on gastrointestinal symptoms and small 
intestinal permeability in children with atopic dermatitis. J Pedi-
atr. 2004;145(5):612–6.

	30.	 Majamaa H, Isolauri E. Evaluation of the gut mucosal barrier: 
evidence for increased antigen transfer in children with atopic 
eczema. J Allergy Clin Immunol. 1996;97(4):985–90.

	31.	 Mack DR, Flick JA, Durie PR, Rosenstein BJ, Ellis LE, Perman 
JA. Correlation of intestinal lactulose permeability with exocrine 
pancreatic dysfunction. J Pediatr. 1992;120(5):696–701.

	32.	 Baehler P, Chad Z, Gurbindo C, Bonin AP, Bouthillier L, Seidman 
EG. Distinct patterns of cow’s milk allergy in infancy defined by 
prolonged, two-stage double-blind, placebo-controlled food chal-
lenges. Clin Exp Allergy. 1996;26(3):254–61.

	33.	 McNeish AS. Enzymatic maturation of the gastrointestinal tract 
and its relevance to food allergy and intolerance in infancy. Ann 
Allergy. 1984;53(6 Pt 2):643–8.

	34.	 Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. 
Acta Dermato-Venereolog. 1980;92(44):7.

	35.	 Kunz B, Oranje AP, Labreze L, Stadler JF, Ring J, Taeib A. Clini-
cal validation and guidelines for the SCORAD index: consensus 
report of the European Task Force on Atopic Dermatitis. Derma-
tology. 1997;195(1):10–9.

	36.	 Arrieta MC, Bistritz L, Meddings JB. Alterations in intestinal 
permeability. Gut. 2006;55(10):1512–20.

	37.	 Teshima CW, Meddings JB. The measurement and clinical sig-
nificance of intestinal permeability. Curr Gastroenterol Rep. 
2008;10(5):443–9.

	38.	 Meddings JB, Sutherland LR, Byles NI, Wallace JL. Sucrose: a 
novel permeability marker for gastroduodenal disease. Gastroen-
terology. 1993;104(6):1619–26.

	39.	 Nathavitharana KA, Lloyd DR, Raafat F, Brown GA, McNeish 
AS. Urinary mannitol: lactulose excretion ratios and jejunal 
mucosal structure. Arch Dis Chil. 1988;63(9):1054–9.

	40.	 Barba A, Cavallini G, Brocco G, Schena D, De Agostini F, Scuro 
LA, et al. Lack of pancreatic maldigestion in atopic dermatitis. 
Dermatologica. 1991;183(2):106–8.

	41.	 Zoppi G, Andreotti G, Pajno-Ferrara F, Njai DM, Gaburro D. 
Exocrine pancreas function in premature and full term neonates. 
Pediatr Res. 1972;6(12):880–6.

	42.	 Walker WA. Development of the intestinal mucosal barrier. J Pedi-
atr Gastroenterol Nutr. 2002;34:S33–9.

https://doi.org/10.1155/2012/836931

	Pancreatic Enzyme Supplementation in Patients with Atopic Dermatitis and Food Allergies: An Open-Label Pilot Study
	Abstract
	Background 
	Objectives 
	Methods 
	Results 
	Conclusions 

	1 Introduction
	2 Patients and Methods
	3 Results
	4 Discussion
	5 Conclusions
	Acknowledgements 
	References




