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Abstract
Background: Elimination	 of	 key	 foods	 restricts	 dietary	 options	 in	 eosinophilic	 es-
ophagitis	 (EoE)	 patients.	 Addition	 of	 amino	 acid-	based	 formula	 (AAF)	 to	 an	 elimi-
nation	 diet	 might	 facilitate	 adherence	 and,	 therefore,	 enhance	 efficacy	 of	 dietary	
management.
Aim: To	evaluate	whether	addition	of	AAF	to	a	four-	food	elimination	diet	 (FFED)	 is	
more	 effective	 than	 FFED	 alone	 in	 decreasing	 eosinophilia,	 endoscopic	 signs,	 and	
clinical	outcomes.
Methods: This	randomized	controlled	trial	enrolled	41	adult	patients	with	active	EoE	
(≥15	eosinophils	 (eos)	per	high	power	 field	 (hpf))	 at	baseline	biopsy.	 Subjects	were	
randomized	(1:1	ratio)	to	groups	given	a	FFED	or	FFED	with	addition	of	AAF	providing	
30%	of	their	daily	energy	needs	 (FFED	+	AAF).	Histological	disease	activity,	endo-
scopic	signs,	symptoms,	and	disease-	related	quality	of	life	(EoEQoL)	were	measured	
at	baseline	and	after	6	weeks	of	intervention.
Results: Patients	 (60%	 male,	 age	 34.5	 (interquartile	 range	 (IQR)	 29–	42.8	 years))	
were	 randomized	 to	FFED	 (n =	20)	or	FFED	+	AAF	 (n =	21);	40	participants	com-
pleted the diet. Complete histological remission (<15	eos/hpf)	was	achieved	in	48%	
of	 FFED	+	AAF	 subjects	 (n =	 21)	 vs.	 25%	of	 FFED	 subjects	 (n =	 20),	 respectively	
(p =	0.204).	Peak	eosinophil	counts	(PEC)	decreased	significantly	in	both	groups	be-
tween	baseline	and	week	6,	but	the	change	in	PEC	between	groups	was	not	differ-
ent (p =	0.130).	A	significant	but	similar	endoscopic	and	symptomatic	reduction	was	
observed	in	both	groups	(all;	p<0.05).	Total	EoEQoL	scores	significantly	improved	in	
the	FFED	+	AAF	group	between	baseline	and	week	6	(p =	0.007),	and	not	in	the	FFED	
group.
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1  |  INTRODUC TION

Eosinophilic	 esophagitis	 (EoE)	 is	 a	 chronic	 T-	helper	 type	 2	 (Th2)	
immune-	mediated	 disorder	 of	 the	 esophagus	 characterized	 by	
symptoms	 of	 esophageal	 dysfunction	 (i.e.,	 dysphagia	 and/or	 food	
impaction)	 and	 eosinophil-	predominant	 inflammation.1,2	 After	 its	
first	 description	 in	 the	 early	 1990s,	 the	worldwide	 EoE	 incidence	
and	prevalence	have	surged	to	rates	that	outpace	increased	disease	
detection.3–	6	Food	allergens	have	been	suggested	to	play	a	causal	
role	in	EoE	pathogenesis	after	primary	reports	of	documented	dis-
ease	remission	in	children	being	treated	with	amino	acid-	based	for-
mula	(AAF).7	The	current	management	of	EoE	involves	targeting	the	
esophageal	inflammation	with	medical	therapy	(i.e.,	proton	pump	in-
hibitors	(PPIs)	or	swallowed	topical	steroids)	and	dietary	elimination	
of	 culprit	 foods.8	 EoE	generally	 flares	 after	 cessation	of	 induction	
treatment.9–	11	 Hence,	 maintenance	 therapy	 is	 needed	 since	 long-	
standing	 eosinophilic	 inflammation	 is	 associated	 with	 esophageal	
narrowing	and	stricture	formation	often	requiring	dilation.12–	15 The 
rationale	 of	 non-	pharmacological	 therapy	 is	 linked	 to	 EoE	 patho-
genesis,	with	dietary	treatment	being	 indicated	as	a	potential	safe	
and	drug-	free	 solution	 for	 the	 long	 term.16–	19	Elemental	diets	 (i.e.,	
complete	removal	of	food	allergens	by	exclusive	use	of	AAF)	have	
proven	to	be	highly	efficacious	 (85%–	95%	disease	remission	rates)	
in	EoE	patients	of	all	ages.7,20–	24 However, adherence is challenged 
by	 its	 poor	 palatability	 (i.e.,	 absence	 of	 solid	 foods,	 monotonous	
taste)	 and	 impaired	 socialization.	 Therefore,	 the	 six-	food	 elimina-
tion	diet	 (SFED)	has	become	a	more	preferred	approach	with	con-
sistently	 reported	 remission	 rates	of	70%	after	 restriction	of	milk,	
wheat/gluten,	egg,	 soy,	peanut/tree	nuts,	 fish,	 and	 seafood.16,18,25 
Efficacy	of	elimination	diets	parallels	the	number	of	excluded	foods,	
yet	 rigorous	 diet	 restrictions	 with	 risk	 of	 inadequate	 food	 intake	
(e.g.,	nutritional	deficiencies	or	 low	calories)	and	subsequent	need	
for	multiple	 re-	endoscopies	 impede	patients’	 acceptability	 in	daily	
life.26,27	As	such,	there	has	been	extensive	interest	in	more	efficient	
empiric	diets	to	 induce	disease	remission	and	lower	diet	costs	and	
quality-	of-	life	 (QoL)	 burdens	 of	 treatment.28,29	 Elimination	 of	 four	
foods	including	wheat/gluten,	milk,	egg,	and	either	soy	or	legumes	
(FFED)	is	less	restrictive,	but	also	less	effective	with	remission	rates	
in	children	and	adults	between	54%	and	64%.24,30	Patients’	motiva-
tion	and	acceptance	yields	a	key	factor	of	successful	dietary	treat-
ment	in	order	to	increase	adherence	and	minimize	impact	on	QoL.	
Aside	 from	 the	 hypoallergenic	 properties	 of	 AAF,	 which	may	 de-
crease	the	risk	of	diet	errors	(i.e.,	mistakes	of	food	label	reading	or	

allergen	cross-	contamination),	 recent	 insights	 suggested	 it	 to	have	
immune-	modulating	effects	itself.31–	34	Hence,	a	combined	strategy	
of	empiric	elimination	of	causative	foods	with	AAF	added	to	the	diet	
may	 thus	 improve	 patients’	 adherence	 and	 acceptance	 along	with	
efficacy	of	dietary	management.	The	aim	of	this	study	was	therefore	
to	determine	whether	AAF	added	to	a	FFED	is	more	effective	than	
a	 standard	FFED	 in	decreasing	esophageal	eosinophilia,	 improving	
endoscopic	signs,	and	clinical-		and	nutritional	outcomes	in	adult	EoE	
patients.

2  |  METHODS

2.1  |  Study patients

In	this	single-	center,	open-	label,	randomized	controlled	trial,	all	pa-
tients	were	 included	 from	 the	outpatient	 clinic	 of	 the	Amsterdam	
UMC	motility	center	between	December	2017	and	January	2020.	
Adult	patients	were	eligible	for	enrollment	if	EoE	was	diagnosed	per	
consensus	 guidelines,	 defined	 as	 having	 symptoms	 of	 esophageal	
dysfunction	(Straumann	Dysphagia	Instrument	(SDI)	score	of	≥1)	and	
≥15	eosinophils	(eos)	per	microscopic	high	power	field	(hpf)	on	base-
line	biopsy.9	Exclusion	criteria	were	severe	comorbidity	scored	as	the	
American	Society	of	Anesthesiologists	(ASA)	Physical	Classification	
System	class	IV	or	higher,	a	recent	history	of	gastrointestinal	(GI)	can-
cer	or	major	GI	surgery,	and	the	inability	to	stop	anti-	inflammatory	
drugs	 (i.e.,	 topical	 or	 systemic	 steroids,	 leukotriene	 inhibitors,	 or	
monoclonal	 antibodies).	 The	 study	 protocol	 was	 approved	 by	 the	

Conclusion: The	addition	of	AAF	to	a	FFED	did	not	lead	to	a	larger	decrease	in	PEC	
between	baseline	and	6	weeks,	but	may	result	in	a	significant	improvement	of	QoL	in	
adult	EoE	patients	NL6014	(NTR6778).

K E Y W O R D S
elemental diet, elimination diet, eosinophilic esophagitis, esophageal eosinophilia and allergy, 
quality	of	life

KEY POINTS

•	 Elimination	of	key	foods	restricts	dietary	options,	hence	
a	combined	strategy	of	empiric	elimination	of	causative	
foods	with	amino	acid-	based	formula	(AAF)	added	to	a	
diet	may	thus	improve	EoE	patients’	adherence	and	ac-
ceptance	along	with	efficacy	of	dietary	management.

•	 A	 combination	 dietary	 intervention	 (AAF	 added	 to	 a	
four-	food	elimination	diet)	did	not	 lead	 to	a	 larger	de-
crease	in	peak	eosinophil	counts	between	baseline	and	
6	weeks	intervention,	but	may	result	in	a	significant	im-
provement	of	QoL	in	adult	patients	with	EoE.
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Medical	Ethics	Committee	of	our	institution	and	prospectively	regis-
tered	in	the	Dutch	trial	registry	NL6014	(NTR6778).	All	participants	
provided	 written	 informed	 consent	 before	 taking	 part	 and	 were	
given	a	unique	study	ID	to	ensure	anonymity.

2.2  |  Study design

After	signed	informed	consent	at	visit	1,	patients	consulted	a	dieti-
cian	specialized	 in	allergies	for	extensive	nutritional	evaluation.	To	
guarantee	sufficient	intake	and	to	improve	diet	adherence,	patients	
subsequently	 received	 a	 personalized	 nutritional	 advice	 with	 re-
striction	of	gluten,	milk,	soy,	and	eggs	 (FFED).	The	amount	of	pre-
scribed	AAF	added	to	the	FFED	in	the	intervention	group	was	30%	
of	patients’	daily	caloric	requirements	based	on	body	mass	index	and	
weekly	physical	activity.	The	AAF	was	consumed	over	3	moments	
per	day.	After	conformation	of	eligibility	by	baseline	upper	endos-
copy,	 patients	were	 randomized	 in	 a	 1:1	 fashion	 to	 the	 treatment	
arms	(FFED	or	FFED	+	AAF)	using	a	blocked	randomization	protocol	
with	sealed	envelopes.	All	participants	underwent	an	esophagogas-
troduodenoscopy	 (EGD)	 at	 baseline	 and	 after	 6	 weeks	 of	 dietary	
intervention.	 Histologic,	 endoscopic,	 and	 clinical	 outcomes	 and	
nutritional	outcomes	were	evaluated	between	week	1	and	week	6.	
Side	effects,	patients’	adherence,	weight	loss,	and	AAF	intake	were	
carefully	monitored	by	a	dietician	and	a	physician	during	the	6	weeks	
of	intervention.	The	study	design	overview	is	presented	in	Table S1.

2.2.1  |  Study	product

An	 amino	 acid-	based,	 hypoallergenic	 powdered	 formula	 (Neocate	
Junior,	Nutricia,	Utrecht,	 the	Netherlands),	 unflavored,	 strawberry	
and	vanilla	flavor,	was	used	in	this	clinical	trial.	This	formula	was	se-
lected	by	the	study	team	because	of	its	relatively	good	taste	com-
pared	to	similar	formulas.	To	increase	adherence	to	the	prescribed	
AAF	intake,	patients	were	able	to	taste	all	three	formulas	during	a	
test	round	to	indicate	their	preferred	flavor(s).

2.3  |  Study endpoints and procedures

2.3.1  |  Primary	endpoint

The	primary	outcome	of	this	trial	was	the	change	in	peak	eosinophil	
count	(PEC),	measured	as	the	maximum	number	of	eos/hpf.

2.3.2  |  Secondary	endpoints

In	addition,	 the	difference	between	groups	 in	complete	histological	
remission	rates	were	evaluated,	which	was	achieved	if	the	reduction	
in	absolute	number	of	eos/hpf	decreased	 to	<15.	Other	secondary	
pre-	specified	endpoints	were	endoscopic	signs,	clinical	and	nutritional	
outcomes,	including	diet	feasibility	and	adherence,	and	weight	loss.

ITT- cohort

Characteristics FFED (n = 20)
FFED + AAF 
(n = 21)

Male gender, n(%) 12	(60) 13	(62)

Age,	years,	median	(IQR) 32	(27.5–	43) 36	(29–	42)

Race, Caucasian, n(%) 19	(95) 20	(95)

History	of	allergic	disease,	n(%) 17	(85) 18	(86)

Allergic	rhinitis 14	(70) 14	(67)

Asthma 5	(25) 7	(33)

Atopic	dermatitis 5	(25) 8	(38)

Food	allergy 7	(35) 6	(29)

Angioedema 1	(5) 2(10)

Oral	Allergy	Syndrome 6	(30) 8	(38)

PPIs	at	baseline,	n(%) 8	(40) 9	(43)

Prior	use	of	topical	steroids,	n(%) 10	(50) 9	(43)

Esophageal	stricture	dilation,	n(%) 1	(5) 2	(10)

Previous	endoscopic	intervention	with	food	
bolus	extraction,	n	(%)

8	(40) 10	(48)

Diagnostic	delay*,	median	(IQR) 5	(1–	8.8) 2	(1–	9.5)

BMI	(kg/m2),	median	(IQR) 24.1	(22.4–	28.4) 23.7	(22.2–	26.6)

Abbreviations:	BMI,	Body	Mass	Index;	FFED,	Four	Food	Elimination	Diet;	FFED	+	AAF,	Four	Food	
Elimination	Diet	with	addition	of	amino	acid-	based	formula;	ITT,	Intention-	to-	treat;	PPIs,	Proton	
Pump	Inhibitors.
*Time	interval	between	first	reported	EoE	symptoms	and	year	of	diagnosis.

TA B L E  1 |	Baseline	characteristics	of	
all patients (n	=	41)	that	were	eligible	for	
randomization	(ITT-	cohort)
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2.3.3  |  Histological	outcomes

Six	 biopsies	 taken	 from	 the	 distal,	 mid,	 and	 proximal	 esophagus	
were	directly	fixed	in	formalin	and	subsequently	embedded	in	paraf-
fin.	After	24	h,	the	biopsies	were	sectioned	at	5	µm	thickness	and	
stained	 with	 hematoxylin	 and	 eosin	 and	 tryptase.	 To	 determine	
eligibility	 for	 enrolment,	 all	 biopsies	were	 directly	 analyzed	 in	 the	
Amsterdam	UMC	pathology	 department	 to	 determine	PEC	 as	 per	
standardized	protocol.	In	a	low-	power	view	setting,	the	area	of	most	
densely	populated	eosinophilia	 in	the	esophageal	biopsy	specimen	
was	identified.	A	x400	magnification	was	used	in	order	to	determine	
the	PEC	per	hpf	(an	area	of	0.24	mm2).

2.3.4  |  Endoscopic	outcomes

During	EGD,	images	of	the	esophagus	were	recorded	for	evaluation	
of	endoscopic	signs	and	were	incorporated	in	a	slideshow	(Microsoft	
PowerPoint	 2016;	 Microsoft	 Inc.,).	 All	 images	 were	 blinded	 and	
scored	according	 to	 the	Endoscopic	Reference	Score	 (EREFS)	by	a	
single	gastroenterologist	with	expertise	in	EoE	to	minimize	the	risk	
of	inter-	observer	bias.35	All	endoscopic	features	were	sub-	classified	
as	inflammatory	(white	exudates,	edema,	and	linear	furrows)	and	fi-
brotic	(rings	and	strictures)	signs.13

2.3.5  |  Clinical	outcomes

Symptoms	of	dysphagia	were	evaluated	by	means	of	the	Straumann	
Dysphagia	 Instrument	 (SDI)	 measure.36	 This	 measure	 evaluates	
dysphagia	frequency	and	intensity.37	Furthermore,	diet	restrictions	
are	 known	 to	 impact	QoL	 in	 EoE	 patients.38	 Therefore,	 disease-	
specific	 QoL	 was	 assessed	 by	 the	 validated	 Adult	 Eosinophilic	
Esophagitis	Quality	of	Life	(EoEQoL)	survey.	Overall	scores	range	
from	0	to	96,	with	higher	scores	 indicating	better	QoL.	The	total	
EoEQoL	 index	 score	 includes	 the	 weighted	 average	 of	 all	 QoL	
subscales.

2.3.6  |  Nutritional	outcomes

To	evaluate	the	effort	needed	to	maintain	the	diet	(i.e.,	feasibility),	
participants	 were	 asked	 to	 respond	 to	 the	 statement:	 “The	 diet	
is	 difficult	 to	 maintain	 for	 me”	 (0–	4	 =	 strongly	 agree–	disagree).	
Participants	were	also	asked	to	rate	their	diet	adherence	on	a	10-	
point	 scale	 (0–	10	=	 low–	high)	 at	week	6.	 In	 addition,	 at	weeks	 2	
and	4,	diet	adherence	was	monitored	via	telephone	and/or	e-mail	
contact	 by	 the	 dietician/physician.	 Body	mass	 index	 (BMI),	 nutri-
tional	intake	(i.e.,	3	days	food	diaries),	diet	adherence,	and	energy	
intake	were	evaluated	at	baseline	and	after	6	weeks	of	dietary	in-
tervention.	The	total	consumption	of	AAF	for	each	participant	was	
calculated	by	the	amount	of	returned	empty	and	full	study	product	
cans	at	week	6.	AAF	consumption	was	also	monitored	via	telephone	

and/or	 e-mail	 contact	 during	 the	 study	 period.	 Individual	 adher-
ence	to	the	prescribed	intake	of	AAF	(i.e.,	AAF	adherence	rate	(%))	
was	defined	as	the	total	amount	of	consumed	AAF	(kilograms	(kg))	
as	percentage	of	the	total	prescribed	AAF	(kg)	over	the	period	of	
6	weeks.

2.4  |  Sample size calculation

A	single-	arm	study	of	Molina	Infante	et	al.	showed	that	a	cohort	of	
52	adult	EoE	patients	was	sufficient	to	demonstrate	a	significant	ef-
fect	of	 a	 standard	FFED.39	A	decrease	of	mean	PEC	per	hpf	 from	
55	with	an	estimated	standard	deviation	(SD)	of	30–	24	(with	a	dif-
ference	of	31)	was	observed.	The	SD	after	 treatment	was	not	 re-
ported	in	this	study.	We	used	the	reported	mean	PEC	(eos/hpf)	after	
treatment	for	responders	(<15	eos/hpf)	2	(0–	8)	and	non-	responders	
45	(26–	141)	to	estimate	a	SD	of	1.96	(responders)	and	29.64	(non-	
responders),	respectively.	The	estimated	pooled	SD	after	treatment	
with	a	standard	FFED	was	20.	Since	no	data	were	available	on	this	
new	approach,	the	estimated	improvement	was	partly	based	on	ef-
ficacy	 rates	of	 the	elemental	dietary	 treatment.	We	based	 the	SD	
of	our	FFED	+	AAF	group	on	a	study	of	Peterson	et	al.,	evaluating	
the	effect	of	an	exclusive	elemental	diet	treatment	on	EoE.20	In	this	
study,	the	PEC	(eos/hpf)	after	treatment	decreased	from	54	(SD	32)	
to	10	(SD	12)	(with	a	difference	of	44).	Since	the	SD	of	the	standard	
FFED	group	and	FFED	+	AAF	group	were	based	on	different	popula-
tions,	we	assumed	that	an	estimated	SD	of	15	would	be	appropriate.

Therefore,	a	sample	size	of	20	patients	per	treatment	arm	was	
calculated	 to	provide	80%	power	 to	detect	a	 clinically	meaningful	
treatment	effect,	with	an	expected	difference	of	13	in	mean	change	
in	 PEC	 after	 treatment	 between	 the	 standard	 FFED	 group	 and	
FFED	+	AAF	group,	and	with	5%	significance	and	an	assumed	SD	
of	15.

2.5  |  Statistical analysis

Statistical	analyses	were	performed	using	IBM	SPSS	Statistics	(ver-
sion	 25.0)	 (SPSS).	 Descriptive	 statistics	 were	 used	 to	 summarize	
all	 characteristics	 of	 the	 study	 groups.	 Categorical	 variables	 are	
described	 as	 percentages	 and	 continuous	 variables	 are	 expressed	
as mean (±	standard	deviation	(SD))	or	median	(interquartile	range	
(IQR)).	Change	in	PEC	was	analyzed	by	fitting	a	linear	least	squares	
model	with	treatment	group	and	baseline	PEC	value	as	covariates.	
Categorical	 analyses	 between	 or	 within	 treatment	 groups	 were	
performed	on	secondary	endpoints	by	using	the	Fisher's	exact	test	
and	McNemar's	test.	Comparisons	of	additional	endpoints	between	
groups	 and	 between	 pre-		 and	 post-	treatment	were	 performed	 by	
using	the	Wilcoxon	signed	rank	test	and	Mann–	Whitney	U-	test,	as	
appropriate,	in	case	of	continuous	data.	The	primary	and	secondary	
outcomes	were	 evaluated	 in	 both	 the	 intention	 to	 treat	 (ITT)	 and	
per-	protocol	(PP)	data	sets.	A	two-	sided	p-	value	of	<0.05 was con-
sidered	significant.
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3  |  RESULTS

3.1  |  Inclusions and patient characteristics

Fifty-	three	EoE	patients	with	clinical	active	disease	were	invited	for	
an	 intake	visit	at	 the	outpatient	clinic.	A	 total	of	52	patients	were	
eligible	for	screening	and	underwent	an	EGD	with	biopsies	at	base-
line,	after	which	11	patients	were	excluded	due	to	the	absence	of	
active disease at histological assessment (<15	eos/hpf).	Eventually,	
41	patients	met	all	eligibility	requirements	and	were	randomized	to	
the	FFED	(n =	20)	group	and	FFED	+	AAF	(n =	21)	group	and	were	
analyzed	according	to	ITT.	A	protocol	violation	was	reported	in	one	
participant	as	a	result	of	non-	adherence	to	the	diet	at	week	1	in	the	
FFED	group	with	subsequent	disqualification	of	the	trial.	In	addition,	
a	protocol	violation	was	reported	due	to	non-	adherence	(0%	intake)	
to	the	AAF	intake	in	one	patient	between	baseline	and	week	6	in	the	
FFED	+	AAF-	group.	Considering	no	other	protocol	deviations	or	vio-
lations	were	reported,	this	patient	was	switched	to	the	FFED	group	
in	the	PP	analysis.	In	total,	40/40	EoE	participants	(FFED	(n =	20)	and	
FFED	+	AAF	(n =	20))	completed	the	diet	after	6	weeks	according	to	
the	protocol	and	were	entered	for	final	PP	analysis	(Figure 1).

Baseline	 characteristics	 of	 the	 ITT	 cohort	were	well	 balanced,	
with	a	male	predominance	in	both	groups.	No	significant	differences	
were	found	on	gender,	age,	race,	presence	of	atopy,	previous	use	of	
PPIs,	and	BMI	between	both	treatment	groups.	Most	of	the	partici-
pants	had	≥2	additional	atopic	comorbidities	(Table 1).	Observations	
were	similar	 in	the	PP	cohort	and	these	patient	characteristics	are	
presented in the Table S2.

3.2  |  Histological outcomes

3.2.1  |  Primary	endpoint:	Peak	eosinophil	count

A	significant	decrease	in	the	median	PEC	from	baseline	to	6	weeks	
was	observed	in	both	groups	of	ITT	population	(FFED	+	AAF:	from	
50	(IQR	45–	100)	to	22	(IQR	3.5–	38);	p =	0.001,	and	(FFED:	from	56.5	
(IQR	41.3–	78.8)	to	25	(IQR	12–	50);	p =	0.011,	respectively)	(Table 2, 
Figure 2A, Figure S1A,B).	Primary	endpoint	analysis	showed	no	dif-
ference	in	the	change	in	the	median	PEC	from	baseline	to	6	weeks	
between	 the	 two	 groups,	 FFED	+	 AAF	 and	 FFED	 (−41.5	 (SD	 37)	
vs.	 −26.9	 (SD	 39)),	 respectively	 (p =	 0.127)	 (Table 2, Figure 2A).	
Comparing	 FFED	+	 AAF	 vs.	 FFED	 at	week	 6	 showed	 lower	 peak	
eosinophil	 levels	 in	 the	 participants	 treated	with	 the	 combination	
of	FFED	+	AAF	 (22	 (IQR	3.5–	38)	vs.	25	 (IQR	12–	50),	 respectively	
(p =	0.158))	(Table 2, Figure 2A).	Similar	results	were	observed	in	the	
PP	cohort	(Table S3A, Figure S2A,B).

3.2.2  |  Histological	remission	rates

Forty-	eight	percent	of	 the	FFED	+	AAF	subjects	 in	PP	population	
showed complete histological remission (<15	eosinophils	per	hpf)	at	

week	6	vs.	26%	of	the	FFED	subjects	(p =	0.204).	Partial	histological	
remission	 (≥50%	 reduction	 in	pre-	treatment	PEC)	was	 achieved	 in	
24%	of	the	FFED	+	AAF	subjects	vs.	25%	of	the	FFED	subjects	after	
6	weeks	(p	=	1.000)	(Table 3, Figure 2B).	In	addition,	the	proportions	
of	FFED	+	AAF	subjects	with	peak	eosinophil	levels	of	≤10	eos/hpf	
and	≤5	eos/hpf	compared	to	the	FFED	subjects	at	week	6	were	43%	
vs. 20% (p =	0.186)	and	43%	vs.	10%	 (p =	0.034),	 respectively.	 In	
FFED	+	AAF	subjects,	14%	had	PEC	of	≤1	eos/hpf	at	week	6	vs.	0%	
of	the	FFED	subjects	(p =	0.233)	(Table 3).	Similar	results	were	ob-
served	in	the	PP	cohort	(Table S3B).

3.3  |  Endoscopic outcomes

The	 total	EREFS	score	significantly	changed	 in	both	groups	of	 the	
ITT	population	after	 the	diet	 (FFED	+	AAF:	 from	4	 (IQR	3–	5)	 to	3	
(IQR	1.5–	4);	p =	0.002,	and	FFED:	from	4	(IQR	3.3–	5)	to	4	(IQR	1–	
4);	p =	0.026),	respectively.	No	difference	in	the	change	in	the	total	
EREFS	score	from	baseline	to	6	weeks	was	observed	between	the	
FFED	+	AAF	group	and	FFED	group	(−1	(IQR	2–	0)	vs.	−1	(IQR	2–	0)),	
respectively (p =	0.687)	(Table 4,Figure 3A).	In	addition,	inter-	group	
ITT	analysis	showed	a	significant	improvement	of	the	inflammatory	
sub-	scores	 in	both	groups	 after	 intervention,	whereas	 the	 fibrotic	
sub-	score	only	significantly	 improved	 in	the	FFED	+	AAF	subjects	
(p =	0.013)	and	not	in	the	FFED	subjects	(p =	0.109)	(Table 4).	Results	
of	the	PP	analysis	are	presented	in	Table S4.	All	 individual	compo-
nents	of	the	EREFS	classification	improved	after	treatment	and	pre-	/
post-	treatment	 outcomes	 in	 the	 ITT	 population	 were	 similar	 be-
tween	both	groups	(all;	p >	0.05).	Similar	observations	were	seen	in	
the	PP	population.

3.4  |  Symptom outcomes

3.4.1  |  Dysphagia

The	 SDI	 score	 decreased	 significantly	 from	 baseline	 to	week	 6	 in	
both	groups	of	the	ITT	population	(FFED	+	AAF:	from	5	(IQR	3.5–	6)	
to	3	(IQR	0.5–	3.5);	p =	0.001,	and	FFED:	from	5	(IQR	3.8–	7)	to	2	(IQR	
0–	4);	p =	0.001).	No	difference	in	the	change	in	the	total	SDI	score	
from	baseline	to	6	weeks	was	observed	between	the	FFED	+	AAF-	
group	and	FFED	group	(−2	(IQR	−4	to	−2)	vs.	−2.5	(IQR	−4.3	to	−1),	
respectively (p =	 0.829))	 (Table 5, Figure 3B).	 Similar	 results	were	
observed	in	the	PP	population	(Table S5).

3.4.2  |  Disease-	specific	quality	of	life

ITT	analysis	showed	that	the	disease-	specific	QoL	(EoEQoL)	scores	
only	significantly	 improved	in	the	FFED	+	AAF	group	(3	 (IQR	2.4–	
3.2)	-		3	(IQR	2.6–	3.4);	p =	0.007),	whereas	no	significant	improve-
ment	was	observed	in	the	FFED	group	after	6	weeks	treatment	(2.5	
(IQR	1.8–	3.3)	to	2.8	(IQR	2.2–	3.5);	p =	0.378).	No	difference	in	the	
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F I G U R E  1 |	Flow	chart	demonstrating	the	number	of	patients	who	were	eligible	for	participation,	randomization,	and	ITT	analysis.	In	
addition,	all	patients	who	discontinued	the	trial	or	were	switched	to	the	FFED	group	for	final	PP	analyses	are	presented.	FFED,	Four-	food	
elimination	diet;	ITT,	Intention	to	treat;	PP,	Per	protocol
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change	in	the	total	EoEQoL	score	from	baseline	to	6	weeks	was	ob-
served	 between	 the	 FFED+AAF	 group	 and	 FFED	 group	 (0.1	 (IQR	
0.04–	0.56)	vs.	0	(IQR	-	0.08–	0.40),	respectively	(p =	0.298))	(Table 5, 
Figure 3C).	 Similar	 observations	 were	 seen	 in	 the	 PP	 population	
(Table S5).	Comparison	of	the	EoEQoL	sub-	scores	in	the	ITT	popu-
lation	showed	only	a	significant	 improvement	 in	the	change	 in	the	
social	impact	score	at	week	6	in	the	FFED	+	AAF	subjects	and	not	in	
the	FFED	subjects	(0.3	(IQR	0.1–	1)	vs.	0	(IQR	-	0.3–	0.3),	respectively)	
(p =	0.012)	(Table S6).	The	change	in	the	EoEQoL	sub-	scores:	eating/
diet	impact,	emotional	impact,	disease	anxiety,	and	swallowing	anxi-
ety	after	6	weeks	of	intervention	were	similar	between	both	groups	
(Table S6).	 In	addition,	 improvements	 from	baseline	 to	6	weeks	 in	
the	 total	 EoEQoL	 score	 and	 sub-	scores	 of	 social	 impact,	 disease	
anxiety,	and	swallowing	anxiety	were	significant	in	the	FFED	+	AAF	
group	 (all;	p <	 0.05),	whereas	 no	 significant	 improvements	 of	 the	
total	EoEQoL	score	and	sub-	scores	were	noted	in	the	FFED	group	

(Table S6).	Furthermore,	post-	treatment	EoEQoL	eating/diet	impact	
sub-	scores	(4	items	and	10	items)	did	not	differ	significantly	between	
the	FFED	+	AAF	group	and	FFED	group	(4	items:	2.3	(IQR	2.0–	2.8)	
vs.	2	(IQR	0.8–	2.8),	respectively	(p =	0.544)	and	10	items:	2.5	(IQR	
1.6–	2.8)	vs.	2.2	(IQR	1.4–	2.7)),	respectively)	 (p =	0.361)	 (Table S6).	
Similar	results	were	observed	in	the	PP	population.

3.5  |  Nutritional outcomes

3.5.1  | Weight	loss,	diet	feasibility,	diet	
adherence	and	AAF	intake

The	 median	 BMI	 (kg/m2)	 in	 the	 ITT	 population	 decreased	 sig-
nificantly	 from	 24	 (IQR	 22.3–	26.7)	 to	 23.8	 (IQR	 21.5–	26)	 after	
FFED	+	AAF	(p =	0.001)	and	from	24	(IQR	22.4–	28.2)	to	23.3	(IQR	

TA B L E  2 |	Histological	features	before	and	after	treatment	in	both	groups

ITT- cohort

Histological outcomes FFED (n = 20) FFED + AAF (n = 21) p value B SE B

Peak Eosinophil Count

Baseline,	eos/hpf,	median	(IQR) 56.5	(41.3–	78.8) 50	(45–	100) 0.969a

Post-	treatment,	eos/hpf,	median	(IQR) 25	(12–	50) 22	(3.5–	38) 0.158a

P	value	(paired	pre/post	treatment) 0.011b * 0.001b *

Absolute	change	in	peak	eosinophil	count	from	
baseline	to	wk	6,	eos/hpf,	mean	(SD)

−26.2	(39.9) −40	(36) 0.130c −16 10.3

Abbreviations:	B,	Unstandardized	beta;	FFED	+	AAF,	Four	Food	Elimination	Diet	with	addition	of	amino	acid-	based	formula;	FFED,	Four	Food	
Elimination	Diet;	IQR,	Interquartile	range;	ITT,	Intention-	to-	treat;	SD,	Standard	Deviation,	SE	B,	Standard	Error	for	the	unstandardized	beta.
ap	value	FFED	vs.	FFED	+	AAF	(Mann-	Whitney	U-	test).
bp	value	baseline	vs.	after-	treatment	(Wilcoxon	signed	rank	test).
cUnadjusted	p-	value	for	the	effect	between	treatment	groups	from	linear	least	squares	model	with	treatment	group	and	baseline	peak	eosinophil	
count	value	as	covariates.
*p-	value	(two-	sided)	of	<0.05,	indicating	a	significant	outcome.

F I G U R E  2 |	Histological	outcome	measures	(ITT	cohort):	(A)	peak	eosinophil	count	(eos/hpf)	pre-	/post-	treatment	and	between	groups;	
and	(B)	post-	treatment	proportion	(%)	of	patients	in	complete-	/partial-	/no	histological	remission	between	groups.	Complete	histological	
remission =	Rate	of	patients	with	complete	histological	remission	at	week	6	(<15 eos/hpf),	partial	histological	remission	=	Rate	of	patients	
with	partial	histological	remission	at	week	6	(≥50%	reduction	in	pre-	treatment	eos/hpf),	and	no	histological	remission	=	Rate	of	patients	with	
no	histological	remission	at	week	6.,	eos,	Eosinophils;	hpf,	High	power	field;	ITT,	Intention	to	treat
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22–	27.3)	 after	 FFED	 (p <	 0.001).	 No	 difference	 in	 the	 change	 in	
BMI	(kg/m2)	from	baseline	to	6	weeks	was	observed	between	the	
FFED	+	AAF	group	and	 the	FFED	group	 (−0.6	 (IQR	−1.2	 to	−0.1)	
vs.	 −0.8	 (IQR	 −1.5	 to	 −0.3,	 respectively)	 (p =	 0.472)	 (Table 6).	
Furthermore,	 secondary	 endpoints	 on	 self-	reported	 feasibility	 of	
and	 adherence	 to	 the	 dietary	 intervention	 were	 similar	 between	
groups	(Table 6).	Results	were	similar	in	the	PP	population.	No	ad-
ditional	protocol	deviations	were	reported	by	the	dietician	or	phy-
sician	regarding	patients’	adherence	to	the	diet	at	week	6	 in	both	
groups.	The	median	adherence	rate	of	AAF	 intake	at	week	6	was	
84%	(IQR	69–	97)	in	the	ITT	population	and	87%	(IQR	72–	98)	in	the	
PP	population	(Table	S7,	Figure	S3).

3.6  |  Adverse events

No	serious	adverse	events	occurred	during	 the	study	period.	One	
adverse	event	was	 reported	 in	 the	FFED	+	AAF	group	 (i.e.,	 emer-
gency	room	visit	due	to	severe	abdominal	pain	after	eating	a	kiwi)	
but	was	not	related	to	the	intervention	or	study	product.

4  |  DISCUSSION

In	 this	 randomized	 controlled	 trial,	 we	 determined	 whether	 AAF	
added	 to	 a	 FFED	was	more	 effective	 than	 FFED	 alone	 in	 dietary	
treatment	of	adult	EoE	patients.	Although	our	primary	outcome	was	
not	significantly	different	between	the	two	groups,	lower	peak	eo-
sinophil	levels	were	seen	in	the	FFED	+	AAF	subjects	compared	to	

the	FFED	subjects	 (PP	population)	after	6	weeks	of	 treatment	 (17	
(IQR	3.3–	35.5)	vs.	26.5	(IQR	14-	48.8);	p =	0.098).	Moreover,	a	higher	
proportion	of	PP	subjects	in	the	FFED	+	AAF	group	achieved	com-
plete	histological	remission	at	week	6	compared	to	the	FFED	group	
(50% vs. 25%; p =	0.191).	Disease-	related	QoL	scores	significantly	
improved	between	baseline	and	week	6	in	subjects	treated	with	the	
FFED	+	AAF	and	not	in	the	FFED	group.	These	findings	could	sug-
gest	that	a	combined	approach	of	FFED	and	AAF	may	have	benefits	
above	FFED	alone.

Significant	 intra-	group	 improvements	 of	 histological,	 en-
doscopic,	 and	 symptomatic	 outcomes	 were	 seen	 in	 both	 the	
FFED	+	AAF	group	and	FFED	group,	which	affirms	previous	reports	
on	FFED	efficacy	in	adult	EoE	patients.24	Improvements	in	the	in-
tervention	 group	were	 not	 statistically	 superior	 to	 those	 seen	 in	
the	 FFED	 group	 between	 baseline	 and	week	 6,	 yet	 this	 trial	was	
not	 powered	 to	 show	 differences	 between	 groups	 in	 these	 pre-	
specified	secondary	outcomes.

Considering	the	levels	of	post-	treatment	eosinophilia	and	other	
histological	 endpoints,	 it	 is	 possible	 that	 the	 absence	 of	 a	 signifi-
cantly	 different	 primary	 outcome	might	 have	 resulted	 from	 a	 low	
power	 (type	II	error).	Since	no	data	are	available	on	this	combined	
dietary	 approach,	 the	 estimated	 improvement	 of	 the	 intervention	
group	was	based	on	a	study	of	Peterson	et	al.,	in	which	AAF	intake	
comprised	100%	of	patients’	 caloric	 intake.20	Therefore,	expected	
post-	treatment	 differences	 between	 FFED	+	 AAF	 and	 FFED	 sub-
jects	used	in	our	power	calculations	may	have	been	overestimated	
(large	effect	size)	resulting	in	a	sample	size	with	too	low	power.

The	 overall	 observed	 (complete-	)	 remission	 rate	 of	 38%	 (PP-	
cohort)	is	remarkably	lower	compared	to	a	study	by	Molina	Infante	

ITT- cohort

Histological outcomes FFED (n = 20)
FFED + AAF 
(n = 21) p value

Histological remission rates

Rate	of	patients	with	complete	histological	
remission	at	wk	6	(<15 eos/hpf),	n	(%)

5	(25) 10	(48) 0.204a

Rate	of	patients	with	partial	histological	
remission	at	wk	6	(≥50%	reduction	of	pre-	
treatment eos/hpf),	n	(%)

5	(25) 5	(24) 1.000a

Rate	of	patients	with	no	histological	remission	
at	wk	6,	n(%)

9	(45) 6	(29) 0.328a

Histological response thresholds

Rate	of	patients	with	histological	remission	at	
wk	6	(≤10	eos/hpf),	n	(%)

4	(20) 9	(43) 0.186a

Rate	of	patients	with	histological	remission	at	
wk	6	(≤5	eos/hpf),	n	(%)

2	(10) 9	(43) 0.034a,*

Rate	of	patients	with	histological	remission	at	
wk	6	(≤1	eos/hpf),	n	(%)

0	(0) 3	(14) 0.233a

Abbreviations:	FFED	+	AAF,	Four	Food	Elimination	Diet	with	addition	of	amino	acid-	based	formula;	
FFED,	Four	Food	Elimination	Diet;	IQR,	Interquartile	range;	ITT,	Intention-	to-	treat.
ap	value	FFED	vs.	FFED	+	AAF	(Fisher's	exact	test).
*p-	value	(two-	sided)	of	<0.05,	indicating	a	significant	outcome.

TA B L E  3 |	Histological	features	before	
and	after	treatment	in	both	groups
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ITT- cohort

Endoscopic outcomes FFED (n = 20)
FFED + AAF 
(n = 21) p value

EREFS

Total	EREFS	score

Baseline,	median	(IQR) 4	(3–	5) 4	(3–	5) 0.685a

Post-	treatment,	median	(IQR) 4	(1–	4) 3	(1.5–	4) 0.689a

p	value	(paired	pre/post	treatment) 0.026b * 0.002b *

Change	in	total	EREFS	score	from	baseline	to	
wk	6,	median	(IQR)

−1	(−2–	0) −1	(−2–	0) 0.687a

Inflammatory	score

Baseline,	median	(IQR) 2	(2–	3) 3	(2–	3) 0.469a

Post-	treatment,	median	(IQR) 2	(1–	2) 2	(1–	2) 0.567a

p	value	(paired	pre/post	treatment) 0.07b,* 0.017b,*

Change	in	inflammatory	score	from	baseline	
to	wk	6,	median	(IQR)

0	(−1.75–	0) −1	(−1–	0) 0.779a

Fibrostenotic	score

Baseline,	median	(IQR) 2	(0.25–	3) 2	(1–	2) 0.547a

Post-	treatment,	median	(IQR) 1	(1–	2) 1	(1–	2) 0.933a

p	value	(paired	pre/post	treatment) 0.109b 0.013b,*

Change	in	fibrostenotic	score	from	baseline	
to	wk	6,	median	(IQR)

0	(−1–	0) 0	(−1–	0) 0.341a

Note: Endoscopic	features	are	scored	according	to	the	EREFS	classification	and	sub-	classified	as	
(i)	inflammatory	signs	including	white	exudates,	edema	and	linear	furrows	(ii)	fibrostenotic	signs	
including	rings	and	strictures.
Abbreviations:	FFED	+	AAF,	Four	Food	Elimination	Diet	with	addition	of	amino	acid-	based	formula;	
FFED,	Four	Food	Elimination	Diet;	IQR,	Interquartile	range;	ITT,	Intention-	to-	treat.
ap	value	FFED	vs.	FFED	+	AAF	(Mann-	Whitney	U-	test).
bp	value	baseline	vs.	after-	treatment	(Wilcoxon	signed	rank	test).
*p-	value	(two-	sided)	of	<0.05,	indicating	a	significant	outcome.

TA B L E  4 |	Endoscopic	features	before	
and	after	treatment	in	both	groups

F I G U R E  3 |	Endoscopic	and	Symptom	outcome	measures	(ITT-	cohort):	(A)	EREFS	pre-	/post-	treatment	and	between	groups;	(B)	SDI-	PRO	
measure	score	pre-	/post-	treatment	and	between	groups;	and	(C)	EoEQoL	pre-	/post-	treatment	and	between	groups.	EREFS,	Endoscopic	
Reference	score;	ITT,	Intention	to	treat;	SDI,	Straumann	Dysphagia	Instrument
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et al., in which complete histological remission (<15	eos/hpf)	was	
reported	in	54%	EoE	patients	after	6	weeks	FFED.39	The	use	of	a	
more	extensive	food	elimination	approach	in	the	study	of	Molina	
Infante	et	al.,	 including	gluten,	milk,	egg,	and	all	kind	of	 legumes	

(e.g.,	soy,	lentil,	peanut)	alternatively	to	only	soy,	may	explain	the	
observed	 differences	 in	 remission	 rates.18,27,40	 Although	 a	 pro-
spective	approach	was	used	in	the	study	by	Molina	Infante	et	al.,	
our	randomized	controlled	design	with	comprehensive	monitoring	

ITT- cohort

Symptom outcomes FFED (n = 20)
FFED + AAF 
(n = 21) p value

Dysphagia symptoms

SDI	score

Baseline,	median	(IQR) 5	(3.75–	7) 5	(3.5–	6) 0.343a

Post-	treatment,	median	(IQR) 2	(0–	4) 3	(0.5–	3.5) 0.912a

p	value	(paired	pre/post	treatment) 0.001b,* 0.001b,*

Change	in	total	SDI	score	from	baseline	to	
wk	6,	median	(IQR)

−2.5	(−4.25–	−1) −2	(−4–	−2) 0.829a

Disease	specific	Quality	of	Life

Total	EoEQoL	score

Baseline,	median	(IQR) 2.46	(1.82–	3.29) 2.96	(2.42–	3.15) 0.345a

Post-	treatment,	median	(IQR) 2.79	(2.21–	3.5) 3.1	(2.6–	3.44) 0.112a

p	value	(paired	pre/post	treatment) 0.378b 0.007b,*

Change	in	total	EoE-	QoL	score	from	
baseline	to	wk	6,	median	(IQR)

0	(−0.08–	0.4) 0.1	(0.04–	0.56) 0.298a

Abbreviations:	EoEQoL,	Adult	Eosinophilic	Esophagitis	Quality	of	Life	survey	(24	items,	weighted 
average);	FFED	+AAF,	Four	Food	Elimination	Diet	with	addition	of	amino	acid-	based	formula;	FFED,	
Four	Food	Elimination	Diet;	IQR,	Interquartile	range;	ITT,	Intention-	to-	treatRDQ,	Reflux	Disease	
Questionnaire.	RDQ	score	includes	heartburn	and	regurgitation;	SDI,	Straumann	Dysphagia	
Instrument.
ap	value	FFED	vs.	FFED	+	AAF	(Mann-	Whitney	U-	test).
bp	value	baseline	vs.	after-	treatment	(Wilcoxon	signed	rank	test).
*p-	value	(two-	sided)	of	<0.05,	indicating	a	significant	outcome.

TA B L E  5 |	Symptoms	and	disease	
related	Quality	of	life	before	and	after	
treatment	in	both	groups

ITT- cohort

Nutritional outcomes FFED (n = 20)
FFED + AAF 
(n = 21) p value

Weight	loss

BMI	(kg/m2)

Baseline,	median	(IQR) 24	(22.4–	28.3) 23.7	(22.2–	26.7) 0.540a

Post-	treatment,	median	(IQR) 23.6	(22–	27.5) 23.4	(21.5–	26) 0.645a

p	value	(paired	pre/post	treatment) <0.001b,* 0.001b,*

Change	in	BMI	(kg/m2),	median	(IQR) −0.9	(−1.48–	−0.3) −0.58	(−1.2–	0) 0.248a

Weight	loss	(kg),	median	(IQR) 3	(1–	5) 2	(0–	4) 0.255a

Feasibility	score

Post-	treatment,	median	(IQR) 3	(1–	3) 3	(1.3–	3) 0.872a

Self-	reported	adherence	rate	(%)

Post-	treatment,	median	(IQR) 90	(90–	100) 90	(90–	100) 0.867a

Abbreviations:	BMI,	Body	Mass	IndexFFED	+	AAF,	Four	Food	Elimination	Diet	with	addition	
of	amino	acid-	based	formula;	FFED,	Four	Food	Elimination	Diet;	IQR,	Interquartile	range;	ITT,	
Intention-	to-	treat.
ap	value	FFED	vs.	FFED	+	AAF	(Mann-	Whitney	U-	test).
bp	value	baseline	vs.	after-	treatment	(Wilcoxon	signed	rank	test).
*p-	value	(two-	sided)	of	<0.05,	indicating	a	significant	outcome.

TA B L E  6 |	Weight	monitoring,	diet	
feasibility	and	adherence	in	both	groups
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of	participants	may	have	resulted	in	a	lower	risk	of	selection	bias.	
There	 are	more	 data	 of	 lower	 than	 expected	 results	 in	 a	 recent	
large	multicenter	trial	in	both	pediatric	and	adult	EoE,	suggesting	a	
potential	bias	in	previous	cohort	studies	as	one	of	the	explanations	
for	 the	 observed	 discrepancies	 in	 results.	 Comparison	 of	 1FED	
(milk)	to	FFED	in	children	showed	similar	histologic	improvements	
and remission rates (~40%)	to	our	study.41	In	adults,	1FED	(milk)	to	
SFED	showed	that	histological	response	(<15	eos/hpf)	was	similar	
between	groups	(34%	vs.	40%).42

With	 regards	 to	 the	 overall	 high	 proportion	 of	 participants	
(25%)	 in	 partial	 histological	 remission	 (≥50%	 reduction	 in	 pre-	
treatment	PEC)	at	week	6,	 it	could	also	be	argued	that	the	inter-
vention	period	was	too	short	to	determine	efficacy	of	the	diet.	In	
addition	to	this,	considering	that	both	treatment	arms	eliminated	
the	same	potential	food	triggers,	there	is	still	the	conceptual	issue	
that	both	groups	had	the	same	probability	of	having	culprit	foods	
in	 the	 diet	 that	 were	 not	 eliminated	 in	 the	 FFED.	 This	 may	 be	
also	a	 reason	for	 the	absence	of	a	more	evident	 response	 in	 the	
FFED	+	AAF	group.

For	dietary	treatment	to	be	effective,	patients	should	adhere	to	
it	as	much	as	possible;	therefore,	their	motivation	and	acceptance	of	
the	impact	of	a	diet	is	key.	During	the	study,	a	significant	improve-
ment	of	the	EoEQoL	score	was	observed	in	the	FFED	+	AAF	group,	
whereas	the	FFED	group	showed	no	change	in	this	score.21,38,43	In	
addition,	intra-	group	comparison	showed	a	significant	improvement	
of	 the	 “social	 impact”	domain	 (e.g.,	 “I	 feel	 frustrated	when	people	
think	I	cause	my	own	choking	episodes	by	eating	too	fast	or	taking	
too	big	bites”)	 in	patients	 treated	with	 the	FFED	+	AAF	combina-
tion.	It	could	be	hypothesized	that	the	option	of	using	AAF	to	reach	
the	required	daily	intake	facilitated	participation	of	patients	in	nor-
mal	social	 life,	 instead	of	it	being	perceived	as	a	limitation.	Several	
participants	stated	to	have	benefited	the	AAF,	since	they	felt	it	was	
feasible	to	decrease	their	daily	solid	food	intake	while	still	maintain-
ing	adequate	nutrient	intake	and	a	healthy	body	weight.	In	addition,	
they	 considered	 the	 AAF	 as	 feasible	 snack	 while	 underway	 from	
home.	 Self-	reported	 diet	 feasibility	 scores	 were	 similar	 between	
groups,	 indicating	 that	 this	 combined	 diet	 (i.e.,	 palatability	 of	 the	
AAF	included)	is	acceptable	and	well	tolerated.

Aside	 from	 its	hypoallergenic	properties,	 the	 specially	designed	
AAF	includes	multiple	macro-		and	micronutrients.	Hence,	the	risk	of	
potential	nutritional	deficiencies	that	are	common	when	eliminating	
key	foods	might	be	reduced.	Vitamin	B1,	B2,	B6,	folic	acid,	and	vitamin	
D	intake	was	significantly	higher	in	the	FFED	+	AAF	group	compared	
to	the	FFED	group	(data	not	shown).	In	addition,	the	beneficial	effects	
of	this	combined	approach	may	be	further	supported	by	AAF	itself,	
which	is	suggested	to	have	immune-	modulating	properties.31–	34,43–	51

Taken	 together,	 it	 seems	 that	 this	 combined	 dietary	 approach	
of	AAF	added	to	a	FFED	is	acceptable	for	patients	and	keeps	them	
motivated.	Hence,	this	may	increase	diet	adherence	and	thus	long-	
term	efficacy	of	the	strategy.	These	observations	provide	also	future	
directions	for	a	“combined	dietary	approach”	as	long-	term	therapy,	
which	has	also	been	suggested	as	maintenance	approach	for	inflam-
matory	bowel	disease	patients.52

Our	study	design	has	a	 few	methodological	 limitations.	Firstly,	
we	did	not	adjust	for	adherence	of	AAF	intake	which	may	have	af-
fected	our	results.	However,	based	on	exploratory	subgroup	analysis	
of	 individual	adherence	rates,	we	judged	the	overall	AAF	intake	of	
84%	at	group	level	sufficiently	high	(Table	S7, Figure S3A,3B).	In	ad-
dition, some patients in a normal setting will also not adhere to the 
prescribed	AAF	intake,	therefore	our	results	provide	a	more	“real-	
life”	estimate	of	the	effect	size.	Secondly,	we	did	not	include	a	pla-
cebo	formula	in	this	trial,	so	we	were	not	able	to	determine	whether	
the	potential	benefit	of	AAF	 is	 related	 to	 the	 lack	of	placebo,	po-
tential	 immune-	modulating	 properties,	 and/or	 increased	 diet	 ad-
herence.	However,	 it	was	previously	observed	that	the	addition	of	
a	placebo	does	not	affect	esophageal	eosinophilic	 inflammation	 in	
EoE.53,54	Finally,	histological	assessment	(i.e.,	determination	of	PEC)	
was	 performed	 as	 per	 standardized	 protocol	 by	 multiple	 blinded	
pathologists	 (Amsterdam	 UMC	 pathology	 department)	 instead	 of	
central	reading,	which	may	have	increased	the	risk	of	observer	bias.	
The	risk	of	observer	bias	on	endoscopic	outcomes	was	reduced	by	
our	blinded	endoscopic	scoring	strategy	and	the	use	of	the	validated	
EREFS.	Despite	these	limitations,	our	study	adds	to	the	existing	lit-
erature	being	 the	 first	adult	EoE	combination-	dietary	 intervention	
trial	with	a	randomized	controlled	study	design.	Another	strength	of	
our	study	lies	in	the	extensive	patient	monitoring	within	the	study	
timeframe,	thereby	increasing	diet	adherence	(e.g.,	 less	risk	of	diet	
errors	and	improved	patients’	motivation)	and	adherence	to	AAF	in-
take.	Another	strength	is	the	use	of	multiple	outcome	measures	(i.e.,	
endoscopic,	symptoms,	QoL,	and	nutrition	related).

In	 summary,	 the	 addition	 of	 AAF	 to	 a	 FFED	 did	 not	 lead	 to	 a	
larger	decrease	in	PEC	between	baseline	and	6	weeks,	but	may	re-
sult	in	a	significant	improvement	of	QoL	in	adult	patients	with	EoE.	
Thus,	further	investigation	within	a	larger	sample	seems	warranted.
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