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Background: As there is limited data on the sustainability of desensitization of multifood-oral immunothera
(multifood-OIT), we conducted amultisitemultifood-OIT study to compare the efficacy of successful desensitiz
tion with sustained dosing vs discontinued dosing after multifood-OIT.
Methods: We enrolled 70 participants, aged 5–22 years with multiple food allergies confirmed by double-bli
placebo-controlled food challenges (DBPCFCs). In the open-label phase of the study, all participants receiv
omalizumab (weeks 1–16) and multi-OIT (2–5 allergens; weeks 8–30) and eligible participants (on maintenan
dose of each allergen by weeks 28–29) were randomized 1:1:1 to 1 g, 300 mg, or 0 mg arms (blinded, wee
30–36) and then tested by food challenge at week 36. Success was defined as passing 2 g food challenge to
least 2 foods in week 36.
Findings:Most participants were able to reach a dose of 2 g or higher of each of 2, 3, 4, and 5 food allergens (as a
plicable to the participant's food allergens in OIT) in week 36 food challenges. Using an intent-to-treat analysis, w
didnotfindevidence that a 300mgdosewas effectively different than a 1 gdose inmaintaining desensitization, a
both togetherweremore effective thanOIT discontinuation (0mgdose) (85% vs55%, P=0.03). Fifty-fivepercent
the intent-to-treat participants and 69% of per protocol participants randomized to the 0mg arm showed no obje
tive reactivity after 6 weeks of discontinuation. Cross-desensitization was found between cashew/pistachio a
walnut/pecan when only one of the foods was part of OIT. No statistically significant safety differences we
found between the three arms.
Interpretation: These results suggest that sustained desensitization after omalizumab-facilitated multi-OIT best o
curs through continuedmaintenance OIT dosing of either 300mg or 1 g of each food allergen as opposed to disco
tinuation of multi-OIT.
Funding: Sean N. Parker Center for Allergy and Asthma Research at Stanford University, Jeff and MacKenzie Bez
NIAID AADCRC U19AI104209.
Trial Registration Number: ClinicalTrials.gov number, NCT02626611.
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Research in context

Evidence before this study

There are currently no approved treatments for food allergy;
however, oral immunotherapy (OIT) for food allergy has shown
promise. Further, recent OIT protocols that include omalizumab
have been shown to decrease treatment length and risk of severe
reaction for patientswith food allergies, particularly for thosewith
multiple food allergies. In a prior single-site placebo-controlled
clinical study, we demonstrated that omalizumab-facilitated
multifood-OIT improved the efficacy and safety of desensitization
at 36 weeks of OIT. However, there remains no information re-
garding sustainability of clinical reactivity after treatment cessa-
tion of multifood-OIT. Limited evidence suggests that patients
may require continued consumption of allergens to sustain desen-
sitization; however, whether continued consumption of 300 mg
or 1000mg of each food allergen per day is required by all patients
to sustain desensitization is unclear. We searched CENTRAL, Ovid
MEDLINE, Embase, the International Clinical Trials Registry Plat-
form, ClinicalTrials.gov, andWHO International Clinical Trials Reg-
istry Platform using the search terms “food allergy,”
“immunotherapy,” “omalizumab,” “desensitization,” “long-term,”
and “sustained.”

Added value of this study

Our results indicate that desensitization with omalizumab-
facilitated multifood OIT (up to 5 allergens) can be achieved in
the majority of participants at multiple clinical sites within
30 weeks. Importantly, around half of multifood allergic individ-
uals who discontinued therapy for 6 weeks were able to maintain
their multifood desensitization. Further, it is suggested that
sustained desensitization best occurs through continued mainte-
nance OIT dosing, preferably 1 g or 300 mg per day of each food
allergen.

Implications of all the available evidence

Our data demonstrate that omalizumab-facilitated multifood-
OIT can be performed inmultiple centers with a standardized pro-
tocol in a safe manner, with a high rate of completion. Evidence to
date suggests that omalizumab-facilitated OIT allows for a rapid
and safe dose escalation process. Our study shows sustained de-
sensitization is possible, even after a period of withdrawal, and
gives practical information for doses to maintain desensitization
to multiple foods. Our trial's impact could improve compliance
and quality of life for those participants on multifood OIT. In sum-
mary, withdrawal from therapy is possible in around half of pa-
tients after omalizumab-facilitated multifood OIT; however, the
use of regular, daily therapy is optimal for sustained effect of
multifood-OIT.

28 S. Andorf et al. / EClinicalMedicine 7 (2019) 27–38
1. Introduction

Among patients with food allergy, currently estimated in the Un
States to be approximately 5–8% of young children and about 4% of ad
about 40% of children are allergic tomultiple foods [1]. Patientswithm
tiple food (multifood) allergies face additional challenges (as comp
to single food allergic patients) related to increased length of oral im
notherapy (OIT) treatment and risk of severe reaction following tr
ment with OIT. Limited evidence indicates that continued consump
of multifood allergens after OIT to multiple allergens simultaneo
(multi-OIT) reduces recurrence of clinical reactivity [2]. We previo
d
s,
-
d
-
-
n
y
y

reported success of long-term OIT [3,4]. However, the minimal d
dose required to sustain treatment effect in multi-OIT is unclear. Fur
there is no evidence to date to indicatewhether discontinuation ofm
OIT will be able to sustain a comparable reduction in recurrence of r
tivity to each allergen as that of continued consumption of multi-OIT

We therefore designed a multisite, double-blind randomized p
2 study to determine dosing effects on maintenance of desensitiza
including a discontinuation arm, in children and adults with multi
allergies. We used omalizumab (Xolair®; Genentech, South
Francisco, CA), an anti-IgE monoclonal antibody, that has been rece
shown to facilitate OIT [5–11]. The primary endpointwas the propor
of participants with no objective allergic reactions on at least 2 f
challenges to 2 g protein each of food allergens tested at 36 weeks

Clinical cross-reactivity occurs in some foods, such as cashew
pistachio or walnut and pecan [12–16]. An exploratory endpoint
to evaluate whether desensitization with one allergen, such as cash
can modulate reactivity to a related allergen, such as pistachio, th
not part of the OIT (i.e. cross-desensitization effects). If cr
desensitization is feasible, this has important clinical implications, as
tients undergoing OIT to one food may benefit from protection to a
lated cross-reacting allergen.

2. Methods

2.1. Study Design

We performed a randomized, double-blind controlled phase 2
comparing the proportion of participantswith sustained desensitiza
to 2 g protein to at least 2 food allergens following 6weeks of contin
vs discontinued OIT at 7 U.S. clinical sites from January 2016 to Nov
ber 2016 (Appendix p2). The researchprotocolwas approved by the
evant institutional review boards (IRB) or ethics committees und
Food and Drug Administration approved-Investigational New Drug

The 36-week study consisted of 2 phases, an open-label (weeks 0–
and a randomized parallel-arm blinded phase (weeks 30–36) (Appe
p3). All participants in the open-label phase received omalizumab fo
first 16 weeks. At week 8, participants underwent an initial rapid de
sitization to aminimumof 2 andamaximumof 5 food allergens (dep
ing on the number of foods each participant was allergic to). Particip
then came to the sites every two weeks up through weeks 28–29
investigator-supervised multi-OIT updosing to reach a maintena
dose of ≥1 g of each allergen. Participants that reached maintena
(≥1 g of each food allergen in the multi-OIT) by weeks 28–29 were
domized and eligible to receiveweek 30 food challenges. For the rand
ized phase, eligible participants were randomized into one of t
blinded study arms: either of 2 active arms (1 g or 300 mg protei
each food allergen) or a 0 mg arm (a blinded OIT discontinuation
consisting of an inactive placebo made up of oat flour) (Fig. 1).

At week 36, randomized, blinded participants underwent food c
lenge to evaluate the efficacy of the active treatment arms. The st
waspowered to detect a statistical significance (Pb 0.05) in the achi
ment of the primary endpoint on the two treatment arms vs the dis
tinuation arm at week 36. Allergy skin tests and assessment of pea
specific IgE and IgG4 were performed at designated time points. Pa
ipants whowithdrew in the open-label phase or were otherwise no
igible for week 30 food challenge formed the non-randomized arm
were included in the safety analysis.

2.2. Participants

The study population eligibility criteria included individ
4–55 years of age (actual enrollment: 5–22 years)withmultiple foo
lergies proven by a clinical reaction in DBPCFCs (performed u
12 months prior to enrolment) at ≤125mg dose, equivalent to a cu
lative total of 500mg food protein. Additional inclusion criteria inclu
a positive skin prick test (SPT) of ≥6 mm (wheal diameter, above
PETITIONER EXHIBIT 1048 
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negative control) and/or a food-specific IgE concentration of N4 kU/L f
each food, as well as a total IgE of b2000 kU/L. To be eligible to progre
into the randomized phase of the study, participantsmust have reache
amaintenance dose of at least 1 g per food byweeks 28–29. A full list
inclusion and exclusion criteria is shown in the protocol. All participan
gave written informed consent.

2.3. Randomization and Masking

Eligible participants were randomly assigned 1:1:1 to 1 g, 300mg,
0 mg arms, using a computer and block randomization. Randomizatio
was stratified by site and prepared by a blinded statistician. Enrollme
Fig. 1. Consort diagram
was competitive among sites. Stanford's pharmacy randomized the pa
ticipants and entered them into their respective site's randomization li
sequentially, but only after they were confirmed to be eligible for we
30 food challenge. Upon completion of each participant's end-of-stud
visit and confirmation of data entry lock, study staff submitted a form
request for participant-specific unblinding to the Stanford Investig
tional Pharmacist.

2.4. Procedures

Food challenges were performed using standardized, validate
staged doses and were deemed positive if objective symptoms we
(A) and study design (B).
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diagnosed by trained personnel. Screening food challenges wer
DBPCFCs and week 30 and week 36 food challenges were either O
or DBPCFCs since it was the screening DBPCFC which was impor
to rule out any placebo-related symptoms. Since OFC and DBP
have been shown to be comparable for immediate symptoms wi
the time frame of the food challenges we performed, we allowed
OFCs to be used instead of DBPCFC to improve participant schedu
[17]. For simplicity, we refer all week 30 and week 36 food challen
asOFCs. For a subset of those participantswhohad both cashewand
tachio or walnut and pecan food allergy, only cashew or walnut wa
cluded in themultifood OIT. Adverse events (AEs) and drug related
were evaluated by a trained physician. Dosing of omalizumabwas g
according to the manufacturer's instructions and the product in
After the initial dose escalation day, the participants continued
home self-administration of the combined allergens in their OIT at
maximum tolerated dose, returning every 2–4 weeks for an incr
in their daily dose. When participants reached the maintenance d
this dose was maintained daily until the food challenges at week 3

2.5. Endpoints

The primary endpoint was the percent of participants who toler
a food challenge (i.e. no objective reaction of grade 1 or more accor
to Bock's criteria [18]) a cumulative tolerated dose (CTD) of at leas
of each of at least 2 allergens at week 36.

Secondary endpoints included the percent of participants
passed food challenge at week 36 to a CTD of at least 2 g of eac
their 3, 4, or 5 food allergens and, separately, the percent of particip
whopassed a food challenge atweek 36 to a CTD of at least 4 g of eac
2 food allergens. Additional secondary outcomes included the con
dance between changes in SPT wheal and changes in peanut spec
IgE, IgG4, and IgG4/IgE and clinical outcomes, the cross-desensitiza
effects of cashew with pistachio and walnut with pecan allergie
SPT and OFCs across arms, and the determination of ‘loss of protec
of participants defined as non-tolerant after the 6 week withdra
phase by calculating the food allergen CTD during a food challeng
week 30 compared to week 36.

Safety and AEs were collected as per Good Clinical Practice gu
lines and documented at every visit to the clinical research unit.
call numbers were provided to each participant and family for imm
ate reporting. In addition, diaries were obtained to obtain informa
on daily dosing and symptoms.

2.6. Outcomes

The primary outcome was comparing the primary endpoint
tween the combined active treatment arms versus the 0 mg arm.
ondary outcomes included all pairwise comparisons of the prim
and major secondary endpoints.

2.7. Analysis Populations

Intent-to-treat (ITT): All participants who were randomized to
of the three blinded study arms. Per protocol (PP): All particip
who underwent at least 2 food challenge to food allergens and on
placebo at week 36. Safety: All participants enrolled in the study.

2.8. Statistical Analysis

We designed our study including our analysis plan prior to par
pant enrollment. The primary efficacy analyses were conducted u
the ITT analysis population. We first compared the 2 active treatm
arms to the 0mg discontinuation arm using a Fisher's exact test (R f
tion fisher.test) [19]. Similarly, secondary analyses involved pairw
comparisons between each arm. Using an exact conditional test of in
pendence in 2 × 2 × k tables (R function mantelhaen.test(…, exac
ll
s
t
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TRUE)) [20], we additionally compared the primary and main seco
ary endpoints between arms after adjusting for the number of foo
lergens in the participant's OIT. Similar methods were used to
whether the results of the primary endpoint differed across the k
sites. Odds ratios (OR) and exact 95% binomial confidence inter
(CI) were reported. Unless otherwise specified, all efficacy anal
were conducted on the ITT population.

Safety was assessed on the safety analysis population, which
cluded participants who were not randomized. The rates of any
were compared across the 1 g, 300 mg, and 0 mg discontinuation
non-randomized arms within each of the 3 study periods (w
8–16, 17–29 and 30–36) using a Kruskal-Wallis test.

Testswere two-sided and conducted at the 0.05 level of significa
No corrections were made for multiple comparisons as specified in
protocol. All analyses were conducted using R software v3.4.1 [19]

3. Results

3.1. Participants

Seventy participants were enrolled across 7 sites between Jan
2016 and November 2016 and underwent omalizumab-facilit
multifood-OIT as specified in the protocol. Prior to the random
phase, 10 participants did not reach the week 30 food challe
(Fig. 1). The remaining 60 participants completed the omalizum
assisted multi-OIT updosing, and were randomized into one of t
blinded arms: 1 g (n = 19), 300 mg (n = 21), or 0 mg (n = 20
each of their food allergens (Fig. 1).

Baseline characteristics for the ITT population by randomization
were largely comparable; however, there was a higher proportio
males in the 1 g arm relative to the other two (n = 16, 84% vs n =
52% and n = 10, 50%) (Table 1). The distribution of comorbid
such as asthma, atopic dermatitis and allergic rhinitis varied, wh
the 1 g arm had relatively higher rate of all conditions relative to
other two arms. Demographics between randomized and not rand
ized participants were mostly comparable (Table S1).

3.2. Primary Endpoint

Since participants had a minimum of 2 food allergies each as
screening DBPCFC for enrollment, a minimum of 2 food allerg
was tested in the primary endpoint for this study. The ITT par
pants who remained on active OIT throughout the OIT treatment
riod weremore likely to reach the primary endpoint compared to
discontinuation arm (n= 34/40, 85% vs n= 11/20, 55%; OR: 4.5,
CI: 1.1–19.3, P = 0.03) (Table 2, Fig. 2a). This significant differe
persisted when the number of food allergens (2, 3, 4 or 5) in
participant's OIT was taken into account (P = 0.004) (Tabl
Fig. 3), and when accounting for enrollment site (OR: 4.9, 95%
1.2–24.1, P = 0.02) (Table S2).

The PP participants showed a difference between the comb
treatment (1 g and 300mg arms) and the 0mg arm in achieving the
mary endpoint (n = 34/37, 92% vs n = 11/16, 69%; OR: 5.0; 95%
0.8–37.3; P = 0.045) (Figs. 1 and 2b), but demonstrated no signifi
differences between the active treatment arms (1 g vs 300 mg) (
17/17, 100% vs n = 17/20, 85%, OR: 0; 95% CI: 0–2.8; P = 0.23). H
ever, we acknowledge that the absence of a difference in these
comes could simply be the result of limited power (small numbe
participants, limited period of follow up, and highly selective coh
of the study to detect such changes.

3.3. Secondary Endpoints

ITT participants in the active treatment armswere significantlym
likely to reach the primary endpoint compared to those in the 0mg
continuation arm when success was conditional on reaching 2 g t
PETITIONER EXHIBIT 1048 
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least 3, 4 or 5 foods in week 36 food challenge (Table 2 and Fig. 2a, P
0.0008, P = 0.03, and P = 0.01, respectively). These associations al
persisted when accounting for the number of foods included in O
(Table 2).

The percentage of participants in the combined active treatme
arms that tolerated 2 g allergen protein to at least 2, 3, 4 or all 5 foo
Table 1
Demographic and clinical characteristics at baseline (randomized ITT).

Baseline characteristic

Age in years, mean (SD)
Sex, n (%)

Male
Female

Ethnicity, n (%)
Hispanic
Non-Hispanic

History of comorbid conditions, n (%)
Asthma
Atopic dermatitis
Allergic rhinitis

FEV1, mean (SD)
Number allergens in OIT, median (IQR)
Participants with…, n (%)

2 allergens in OIT
3 allergens in OIT
4 allergens in OIT
5 allergens in OIT

Participants with…, n (%)
Almond in OIT
Cashew in OIT
Egg in OIT
Hazelnut in OIT
Milk in OIT
Peanut in OIT
Pecan in OIT
Sesame in OIT
Shrimp in OIT
Soy in OIT
Walnut in OIT
Wheat in OIT

Median CTD across participant's OIT foods in baseline food challenge (mg), median (IQ
CTD by food (mg), median (IQR)

Almond
Cashew
Egg
Hazelnut
Milk
Peanut
Pecan
Sesame
Shrimp
Soy
Walnut
Wheat

Total IgE (kU/L), median (IQR)
Peanut specific IgE (kU/L), median (IQR)
Peanut specific IgG4 (mg/L), median (IQR)
Median SPT across participant's OIT foods (mm), median (IQR)
SPT (mm), median (IQR)

Almond
Cashew
Egg
Hazelnut
Milk
Peanut
Pecan
Sesame
Shrimp
Soy
Walnut
Wheat

OIT: oral immunotherapy; IQR: inner quartile range; NA: not applicable; FEV1: forced expir
Note: n for IgE and skin prick test data per allergen per group given only when different fr
allergen food challenge at week 36 were comparatively consiste
across the number of allergens passed (between 83% and 96%
(Table 2, Fig. 2a). In contrast, in the 0 mg discontinuation arm the pe
cent of ITT participants who tolerated 2 g allergen protein at week 3
OFCs decreased with increasing number of allergens to be passed; 55
(11/20; 2 allergens), 50% (8/16; 3 allergens), 33% (3/9; 4 allergens
Total (n = 60) 1 g (n = 19) 300 mg (n = 21) Blinded
discontinuation
(n = 20)

9.8 (3.4) 9.1 (2.4) 10.0 (4.0) 10.3 (3.6)

37 (62%) 16 (84%) 11 (52%) 10 (50%)
23 (38%) 3 (16%) 10 (48%) 10 (50%)

4 (7%) 1 (5%) 1 (5%) 2 (10%)
56 (93%) 18 (95%) 20 (95%) 18 (90%)

42 (70%) 18 (95%) 13 (62%) 11 (55%)
49 (82%) 17 (89%) 16 (76%) 16 (80%)
50 (83%) 18 (95%) 15 (71%) 17 (85%)
97.1 (12.3) 95.0 (9.7) 99.0 (12.4) 97.1 (14.4)

3 (2) 3 (2) 3 (3) 3 (1)

18 (30%) 5 (26%) 9 (43%) 4 (20%)
15 (25%) 6 (32%) 2 (10%) 7 (35%)
13 (22%) 3 (16%) 4 (19%) 6 (30%)
14 (23%) 5 (26%) 6 (29%) 3 (15%)

4 (7%) 2 (11%) 1 (5%) 1 (5%)
34 (57%) 10 (53%) 13 (62%) 11 (55%)
17 (28%) 5 (26%) 5 (24%) 7 (35%)
17 (28%) 7 (37%) 4 (19%) 6 (30%)
20 (33%) 7 (37%) 4 (19%) 9 (45%)
51 (85%) 17 (90%) 20 (95%) 14 (70%)
13 (22%) 4 (21%) 5 (24%) 4 (20%)
8 (13%) 1 (5%) 4 (19%) 3 (15%)
3 (5%) 0 (0%) 2 (10%) 1 (5%)
1 (2%) 0 (0%) 1 (5%) 0 (0%)

31 (52%) 11 (58%) 9 (43%) 11 (55%)
4 (7%) 1 (5%) 2 (10%) 1 (5%)

R) 25 (45.6) 25 (108.8) 25 (45) 13.8 (22.5)

90 (221.3) 87.5 (87.5) 375 (NA) 5 (NA)
5 (22.5) 5 (23.8) 5 (5) 5 (10)
5 (25) 25 (20) 5 (25) 0 (15)
25 (20) 25 (37.5) 15 (32.5) 25 (18.8)
25 (70) 25 (112.5) 150 (280) 5 (20)
25 (70) 25 (370) 25 (70) 15 (23.8)
5 (20) 200 (356.3) 5 (20) 5 (6.3)

15 (21.3) 25 (NA) 25 (18.8) 5 (2.5)
75 (35) NA 40 (35) 75 (NA)
500 (NA) NA 500 (NA) NA
25 (120) 25 (122.5) 25 (70) 75 (110)
37.5 (150) 0 (NA) 225 (150) 0 (NA)

739.5 (776.2) 993.7 (761.5) 671 (802) 870 (673.5)
49.6 (193.1) 32.9 (81.6, n = 12) 72.5 (217.8, n = 16) 84.4 (187.1, n = 10)
0.9 (2.1) 1.5 (2.1, n = 12) 0.8 (2.3, n = 16) 1.2 (1.5, n = 10)
10.8 (6.1) 11.5 (6.5) 10.3 (5) 11.3 (7.9)

6.5 (2) 7.8 (0.7) 3.5 (NA) 6.0 (NA)
11.8 (8.3) 14.0 (9) 11.5 (4.5) 11.5 (9.8)
10.5 (4.5) 10.0 (1) 12.0 (3) 10.0 (6)
9.5 (15) 13.5 (8.8) 8.8 (11.9) 6.5 (2.9)
11.8 (9.5) 11.0 (6.8) 10.2 (2.4) 17.5 (10)
13.0 (7) 13.5 (7) 10.5 (6.9) 14.8 (7.4)
7.5 (4) 6.8 (2.8) 10.0 (2.5) 5.5 (2.6)

14.0 (11.9) 15.0 (NA) 9.5 (9.4) 17.0 (10.8)
10.0 (2) NA 9.0 (2) 9.0 (NA)
10.0 (NA) NA 10.0 (NA) NA
11.5 (9.8) 13.0 (7) 10.5 (11) 9.0 (7) [n = 10, 1 NA]
9.0 (2.4) 9.5 (NA) 8.2 (3.3) 8.5 (NA)

atory volume; CTD: cumulative tolerated dose; SPT: skin prick test wheal diameter.
om the number listed under participants with the food in OIT.
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and 0% (0/3; 5 allergens) (Table 2, Fig. 2a), although the low numb
participants has to be taken into account when interpreting this.

The participants in the pooled active treatment armswere not m
likely to successfully pass a food challenge to 4 g protein of at lea
food allergens at week 36 compared to the 0 mg discontinuation
(Table 2, and Fig. 2A; 70% vs 45%; OR: 2.8, 95% CI: 0.8–10.0, P = 0
However, when the number of food allergens (2, 3, 4 or 5) in
participant's OIT was taken into account, this was significantly diffe
between the combined active treatment arms and the discontinua
arm (P = 0.02, Table 2).

The active 1 g and 300 mg arms were compared against each o
and no significant differences were detected in the rate of tolera
2 g allergen protein to at least 2 food challenges to 2 different food a
gens at week 36 (Table 3, P = 0.66). The 1 g and 300 mg arms wer
dependently tested against the 0 mg discontinuation arm (Tables
and S3B). The 1 g armhad a higher likelihood of successfully comple
food challenge with 2 g protein of at least 2 food allergens at wee
compared to the 0 mg discontinuation arm (Table S3A; OR: 6.6,
CI: 1.1–47.1, P=0.03). Differenceswere also significantwhen the n
ber of foods in each participant's OITwas taken into account (Table
Fig. 3, P = 0.02). While there was no significant difference in study
cess between the 300 mg arm vs the 0 mg discontinuation
(Table S3B, OR: 3.4, 95% CI: 0.7–18.9, P = 0.10), when the numbe
foods in the multi-OIT was taken into account, the difference in st
success rates was significant (Table S3B, Fig. 3, P = 0.01).

Presence of cross-desensitization to related allergens was tested
participants, when relevant. Participants receiving OIT to walnut an
cashew were evaluated for cross-desensitization to pecan and/or p
chio, respectively, although these latter two food allergens were no
cluded in OIT. Cross-desensitization challenges (performed as per
food challenge specified in the study protocol) were optional and
nut (in OIT) and pecan (not in OIT) was tested in 4 participant
each in the 1 g and 300 mg arm, and 2 in the 0 mg discontinua
arm). All 4 participants passed the food challenge to walnut as we
by
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Table 2
Efficacy outcome for primary endpoint and major secondary endpoints.

1 g plus 300mg
(n = 40)
Active doses

Blinded
discontinuation
(n = 20)

Odds ratio
(95% CI)

P-valuea

n/participants with that number
foods in that group (%)

Primary endpoint: Tolerated 2 g of ≥2 allergens
Total 34/40 (85%) 11/20 (55%) 4.5 (1.1, 19.3) 0.03
# foods in
OIT

2 9/14 (64%) 0/4 (0%) 0.004
3 7/8 (88%) 6/7 (86%)
4 7/7 (100%) 2/6 (33%)
5 11/11 (100%) 3/3 (100%)

Secondary endpoints
Tolerated 4 g of ≥2 allergens

Total 28/40 (70%) 9/20 (45%) 2.8 (0.8, 10.0) 0.09
# foods in
OIT

2 5/14 (36%) 0/4 (0%) 0.02
3 7/8 (88%) 4/7 (57%)
4 7/7 (100%) 2/6 (33%)
5 9/11 (82%) 3/3 (100%)

Tolerated 2 g of ≥3 allergens
Total 25/26 (96%) 8/16 (50%) 22.8 (2.5,

1143.5)
0.0008

# foods in
OIT

3 7/8 (88%) 4/7 (57%) 0.005
4 7/7 (100%) 2/6 (33%)
5 11/11 (100%) 2/3 (67%)

Tolerated 2 g of ≥4 allergens
Total 15/18 (83%) 3/9 (33%) 8.9 (1.2, 95.0) 0.03
# foods in
OIT

4 4/7 (57%) 1/6 (17%) 0.06
5 11/11 (100%) 2/3 (67%)

Tolerated 2 g of 5 allergens
5 (Total) 10/11 (91%) 0/3 (0%) ∞ (1.5, ∞) 0.01

a Fisher's exact test or Exact conditional test of independence in 2 × 2 × k tables.
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pecan at week 36. Interestingly one participant (0 mg arm) reacte
pecan in week 30 (CTD: 750 mg), but passed both the walnut
pecan food challenge at week 36. The median walnut SPT wheal ac
these 4 participants was 10.5 mm at baseline, 5.5 mm in week 30
5 mm in week 36. The median SPT wheal for pecan of these 4 par
pants was 10 mm at baseline, 4.8 mm in week 30 and 3.5 mm in w
36. Eight participants had cashew in their OIT, were also allergic to
tachio (baselineDBPCFCCTD b 500mg, not in OIT), and underwent
challenge to cashew and pistachio at baseline and week 36. Three w
randomized to the 1 g arm, 3 to the 300mg arm, and 2 to the 0 mg
continuation arm. All but one passed the 2 g food challenges to b
cashew and pistachio at weeks 36. One participant from the 0 mg
continuation arm passed the food challenge in week 30 but fa
them to cashew as well as pistachio in week 36. The cashew me
SPT wheal across these 8 participants was 16 mm at base
10.5 mm in week 30 and 8 mm in week 36. The median SPT whea
pistachio of these 8 participants was 15 mm at baseline, 8 mm
week 30 and 7 mm in week 36. Therefore, in summary, not all
most participants with either walnut or cashew in the multi food
were cross-desensitized to pecan (4/4 in week 36, 3/4 in week 30
pistachio (7/8 in week 36, 8/8 in week 30), respectively.

3.3.1. Immunologic Parameters
No significant difference in peanut-specific IgE at baseline was

tected between participants that met or failed the primary endp
containing peanut in their multi-OIT (Fig. S1A, P = 0.71). Pea
specific IgE, IgG4, and IgG4/IgE levels at baseline and week 36 strat
by blinded study arm are shown in Fig. 4. In all three study arms, a
nificant increase in peanut-specific IgG4/IgE from baseline to wee
can be seen (Fig. 4C). This was primarily driven by significant incre
in IgG4 rather than changes in IgE (Fig. 4). When stratified by prim
endpoint outcome, even the study failures showed a significant incr
in peanut-specific IgG4/IgE from baseline to week 36 (Fig. S2C). In
pendent of the outcome of the food challenge at week 36, the
wheal did not show significant difference for any food, stratified
the three randomization groups between week 30 and week 36.

3.4. Safety

Overall, omalizumab-facilitated multi-OIT was found to be safe w
no clinically significant differences in AE rates between the 1 g, 300
0 mg discontinuation and non-randomized arms (Tables 4 and S4).
tihistamine and inhaler use were similar across arms (Table S5). Hig
number of doses of injectable epinephrine occurred in the 1 g (4 d
of injectable epinephrine) vs discontinuation (1 dose of injectable
nephrine) vs 300 mg (no doses of injectable epinephrine) a
(Table S6). No cases of life-threatening anaphylaxis or eosinop
esophagitis occurred during the study. None of the baseline charact
tics were shown to be significantly associated with the percent o
doses (Table S7).

After the end of the study, participants were offered OIT of their
allergens in outpatient clinics.

3.5. Additional Analyses

Figs. 5 and S3 showanoverviewof the foods in each participant's
regimen and the outcome of theweek 36 food challenges. Even the
participantswho failed the primary endpoint in the 0mg arm contin
tomaintain a higher dose threshold if week 36 food challengewere
formed (median of median CTD per participant was 15 mg (
12.5 mg) at baseline and 750 mg (IQR: 375, n = 5) at week 36) a
blinded discontinuation. In the 0 mg discontinuation arm, some fo
had a higher OFC failure rate in week 36 than other foods. For exam
of 9 participants that discontinued OIT with cashew (median CT
baseline: 5 mg), 7 did not pass the food challenge at week 36, whe
of 8 participants that discontinued OIT with walnut (median CT
PETITIONER EXHIBIT 1048 
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Fig. 2. Percent of ITT and PP participantswhopassed endpoints. (A) Percentage of ITT participants in the pooled treatment arm (1 g plus 300mg) and discontinued arm (0mg)whopassed
food challenge to 2 g to at least 2 foods (primary endpoint), as well as to at least 3, 4, or 5 foods or at least 2 food challenge to 4 g (secondary endpoints) at week 36. (B) Percentage of PP
participants in the pooled treatment arm (1 g plus 300mg) and discontinued arm (0mg)who passed food challenge to 2 g to at least 2 foods (primary endpoint), aswell as to at least 3, 4,
or 5 foods or at least 2 food challenge to 4 g (secondary endpoints) at week 36.
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baseline: 75 mg), 8 passed the food challenge at week 36 (Figs. 5 an
S3). In more detail, of the 5 participants in the 0 mg discontinuatio
arm with cashew in their OIT who failed the primary endpoint,
underwent a food challenge at week 36 to cashew and all failed it. B
even of the 6 participants with cashew OIT who passed the prima
endpoint, 4 failed their week 36 cashew food challenge (each with
CTD of 750 mg) and only 2 passed it. All these participants passed th
week 30 food challenges to cashew if performed (Fig. 5). Overall, acro
the three study arms all week 30 cashew food challenges were passe
showing successful desensitization for cashew. The food with the se
ond highest rate of participants who failed to tolerate 2 g of allerge
protein at week 36 food challenge within the 0 mg arm was peanu
Of the 9 participants that met the primary endpoint with peanut
their OIT, 3 failed their week 36 peanut food challenge (two with
CTD of 750 mg and one with 0 mg, Fig. S3).

No significant difference in themedians of the baseline CTD for ea
of the foods included in that participant'smulti-OIT for theprimary en
point outcome (passing at least 2 food challenge to 2 g) was detecte
(Fig. S4A, P= 0.16). Assessing the same differences in the 0 mg disco
tinuation arm showed no significant differences between th
participants who failed or met the primary endpoint (Fig. S4B). In th
same analysis of median SPT wheal for each of the foods included
that participant's OIT at baseline, no significant difference was detecte
between successes or failures (Fig. S5A, P = 0.63) or within the 0 m
discontinuation arm between participants meeting or failing the pr
mary endpoint (Fig. S5B).

In post hoc analyses, no baseline characteristicswere significantly a
sociated with study success.

4. Discussion

This controlled, randomized, double-blind phase 2 study is the fir
multicenter phase 2 clinical trial evaluating various OIT maintenan
doses, including discontinuation, after omalizumab-facilitated mul
allergen OIT. Consistent with a pilot study [11], our data here show su
cess in safety and feasibility in desensitizing participants with up to
food allergens simultaneously in conjunction with a short course
omalizumab treatment. Based on eligibility criteria, the participants
this study were highly allergic with persistent food allergies. They ha
high frequencies of co-morbidities including asthma, allergic rhinit
PETITIONER EXHIBIT 1048 
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different numbers of foods (2–5) in their OIT is highlighted. Significance between the arms, including the pooled treatment arm, was assessed taking the number of foods in OIT for each
participant into account.
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and atopic dermatitis (Table 1). Themedian CTD across participant's
foods in baseline food challenges was only 25 mg, indicating, for ex
ple, that 1/10th of a peanut kernel (one peanut kernel is approxima
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Table 3
Efficacy outcome for 1 g vs 300 mg.

1 g
(n = 19)

300 mg
(n = 21)

Odds ratio
(95% CI)

P-valuea

n/participants with that
number foods in that group
(%)

Primary endpoint: Tolerated 2 g of ≥2 allergens
Total 17/19 (89%) 17/21 (81%) 2.0 (0.2, 24.5) 0.66
# foods in OIT 2 4/5 (80%) 5/9 (56%) 0.64

3 5/6 (83%) 2/2 (100%)
4 3/3 (100%) 4/4 (100%)
5 5/5 (100%) 6/6 (100%)

Secondary endpoints
Tolerated 4 g of ≥2 allergens

Total 14/19 (74%) 14/21 (67%) 1.4 (0.3, 7.0) 0.74
# foods in OIT 2 2/5 (40%) 3/9 (33%) 1.00

3 5/6 (83%) 2/2 (100%)
4 3/3 (100%) 4/4 (100%)
5 4/5 (80%) 5/6 (83%)

Tolerated 2 g of ≥3 allergens
Total 13/14 (93%) 12/12 (100%) 0 (0, 45.5) 1.00
# foods in OIT 3 5/6 (83%) 2/2 (100%) 1.00

4 3/3 (100%) 4/4 (100%)
5 5/5 (100%) 6/6 (100%)

Tolerated 2 g of ≥4 allergens
Total 7/8 (88%) 8/10 (80%) 1.7 (0.1, 117.7) 1.00
# foods in OIT 4 2/3 (67%) 2/4 (50%) 1.00

5 5/5 (100%) 6/6 (100%)
Tolerated 2 g of 5 allergens
5 (Total) 5/5 (100%) 5/6 (83%) ∞ (0.02, ∞) 1.00

a Fisher's exact test or Exact conditional test of independence in 2 × 2 × k tables.
T
-
y

240 mg protein) could induce an allergic reaction in the typical pe
allergic participant enrolled in the study.

Our primary endpoint was achieved in 85% vs 55% of ITT popula
in the combined active treatment arms vs discontinuation arm. Sev
participants reached 2 g in food challenge to more than 2 allergen
week 36 (Figs. 5 and S3) without an objective allergic reaction. E
the participants labeled as study failures within the 0 mg discontin
tion arm (9/20) continued to maintain a higher dose threshold a
OIT discontinuation (Fig. 5). Importantly, no further omalizu
would likely have been detected in the circulation based on prior s
ies [21,22], thus inferring other immune mediated mechanisms du
multifood-OIT are likely present. Interestingly, the ability to discont
with noobjective allergic reaction upon rechallenge differed per foo
lergen (e.g. higher frequency for walnut compared to cashew). T
which individual food allergens may be discontinued vs continue
OIT needs further investigation. These differences may be due to im
nological mechanisms specific to each food allergen's ability to dese
tize and this is an area of active investigation. Furthermore, in th
analysis, therewas less of a difference between the active and discon
uation arms (92% vs 69%) which could indicate that successful dis
tinuation may be possible in certain participants. There was a hig
rate of participants that discontinued in the 0 mg arm (4/20, 20%) c
pared to the combined treatment arms (3/40, 7.5%) during the rand
ized phase and this could have enriched the PP population for
participants that could pass the primary endpoint.

There was no evidence that continuing a daily multi-
300 mg protein (about one nut kernel) dose for each aller
was effectively different than continuing a 1 g dose (about 5 p
nut kernels or 1 oz. of milk) for each allergen in maintaining
sensitization (passing ≥2 food challenge at 2 g protein for eac
2 food allergens in week 36); however, we acknowledge that
absence of a difference in these outcomes could simply be the
sult of limited power. The percentage of participants in
PETITIONER EXHIBIT 1048 
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Fig. 4. Peanut specific IgE, IgG4 and IgG4:IgE stratifiedbyblinded study group. Peanut specific IgE (A), IgG4 (B) and IgG4:IgE (C) levels of all ITT participant at baseline andweek 36 stratified
by blinded study group. (P values by F test in linear mixed effects model.)
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combined active treatment arms that passed at least 2 g protein
each of 2, 3, 4 or all 5 food allergen challenges at week 36 we
comparatively consistent across the number of allergens passe
The ability to ingest 2 g of protein (equivalent to one tablespoo
of peanut butter or 2 oz. cow's milk) for each of up to 5 food alle
gens is seen as a substantial improvement in the threshold to e
foods without reacting (compared to baseline where the thresho
to allergic reaction occurred at mg levels of each food allerge
tested).

We tested the ability to tolerate higher than 2 g of each protein
food challenges. The majority of participants in the pooled acti
treatment arms vs 0 mg discontinuation arm passed food challenge
at least 2 food allergens at 4 g protein each (70% vs 45%). We foun
that most participants could achieve cross-desensitization to homol
gous proteins not used in the multi-OIT. A few (n = 5) individua
reached 2 g of each of their food allergens (compared to 1 g of each
their food allergens) prior to week 29; however, this group showed n
significant trends in efficacy or safety in either the primary or seconda
endpoints. These results are based on a small sample size and furth
testing with larger sample sizes are needed.

AE rates were similar to single food allergen OIT studies and oth
multi-OIT studies [3,4,9,11,23,24]. The data do not show statistical
PETITIONER EXHIBIT 1048 
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Table 4
Number and percentage of participants that experienced Adverse Events (AEs) by week range and randomization arm including those non-randomized.

Study arm and
period

Number of participants in phase and
arm

Any AE Organ system Treated Grade AEb P-valuea

GI Generalc Resp Skin Otherd 1 2 3

Number of participants with AEs (percentage of total)

Weeks 8–16
(Omalizumab & OIT)
1 g 19 11 (58%) 10 (53%) 0 2 (11%) 3 (16%) 1 (5%) 5 (26%) 10 (53%) 6 (32%) 0 0.75
300 mg 21 16 (76%) 16 (76%) 4 (19%) 3 (14%) 7 (33%) 2 (10%) 11 (52%) 16 (76%) 10 (48%) 0
Discontinuation 20 15 (75%) 14 (70%) 1 (5%) 4 (20%) 6 (30%) 3 (15%) 7 (35%) 14 (70%) 8 (40%) 0
Non-randomized 10 9 (90%) 9 (90%) 1 (10%) 5 (50%) 2 (20%) 1 (10%) 8 (80%) 8 (80%) 8 (80%) 0
Weeks 17–29
(OIT)
1 g 19 13 (68%) 10 (53%) 2 (11%) 6 (32%) 6 (32%) 2 (11%) 9 (47%) 12 (63%) 8 (42%) 0 0.90
300 mg 21 18 (86%) 16 (76%) 7 (33%) 6 (29%) 6 (29%) 4 (19%) 14 (67%) 17 (81%) 13 (62%) 1 (5%)
Discontinuation 20 19 (95%) 18 (90%) 3 (15%) 8 (40%) 5 (25%) 2 (10%) 10 (50%) 17 (85%) 11 (55%) 0
Non-randomized 9 9 (100%) 9 (100%) 0 4 (44%) 3 (33%) 2 (22%) 7 (78%) 9 (100%) 7 (78%) 0
Weeks 30–36
(Randomized withdrawal/tolerance)
1 g 19 9 (47%) 5 (26%) 3 (16%) 6 (32%) 5 (26%) 1 (5%) 7 (37%) 9 (47%) 6 (32%) 0 0.07
300 mg 21 16 (76%) 11 (52%) 5 (24%) 4 (19%) 6 (29%) 0 10 (48%) 10 (48%) 9 (43%) 0
Discontinuation 20 10 (50%) 10 (50%) 1 (5%) 1 (5%) 0 0 5 (25%) 9 (45%) 4 (20%) 0
Non-randomized 6 4 (67%) 4 (67%) 0 1 (17%) 0 0 0 4 (67%) 0 0

GI: gastrointestinal; Resp: respiratory; OIT: oral immunotherapy.
Note: AEs during dosing days are included in this table. Allergic AEs are included.

a Based on Kruskal-Wallis test comparing ‘Any AE’ between all four study arms.
b CTCAE v.4.03 grade where 1, 2, 3 is grade 1, 2, and 3, respectively.
c General indicates skin reactions at injection site.
d Other indicates eye, nervous system, or vascular reactions.
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significant differences in safety and efficacy between the 300mgand
daily doses; however, the absence of a difference in these outco
could simply be the result of limited power. There was an increa
use of injectable epinephrine in the 1 g arm (Table S6). This is an im
tant finding when considering improvements to compliance in lo
term dosing for OIT. Lower allergen maintenance doses would li
be better tolerated and preferred by patients and thereby improve
herence. No statistically significant safety differences were found
tween the three arms; however, this should be interpreted in ligh
the limited power (small number of participants, limited period of
low up, and highly selective cohort) of the study to detect such chan

Our study is the first to show, in participants with multiple food
lergies, evidence that discontinuation is possible with omalizum
facilitated multi-OIT. Note that discontinuation studies vary by
amount of time of withdrawal of OIT. Our clinical trial did not pe
the ingestion of any food allergen during the entire course of
study. Previous studies have shown withdrawal was possible in si
allergen desensitization (without omalizumab). A study by Burks e
found 28% after 4–6weeks blinded discontinuation of egg had no ob
tive reaction upon rechallenge [25]. Discontinuationwas possible in
of participants who stopped peanut consumption for 1 month [26].
other study by Syed et al. of peanut OIT found 35% of participants
cessfully passed a rechallenge after 3 months of blin
discontinuation [27]. In a recent study by Wood et al. [8], there wa
statistically-significance in successful discontinuation when milk
was given with omalizumab vs milk OIT with placebo; howeve
this study, discontinuation success was not tested until 28 mo
after combined omalizumab-OIT dosing. Compared to the pre
study, dosing occurred with milk only without rapid updosing. In
other study in which egg OIT was given for up to 48 months, succe
discontinuation was achieved in 50% of participants in the absenc
omalizumab by increasing the duration of OIT [28]. Our study is
first to test successful discontinuation in multi-OIT and the first to
successful discontinuation as early as 7 months after starting OI
summary, the result that 55% of the ITT had no objective reac
upon rechallenge after 6 weeks of discontinuation is comparabl
other studies that have measured sustained desensitization ra
g
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however these results need further testing with a larger sample
Many participants prefer shorter duration of treatment (less th
year) compared to longer (i.e. most clinical trials to date are
years) so there is potential for an omalizumab-facilitated therapy r
men to enhance effectiveness, compliance, and efficiency of therap

Even though several half-lives would have passed since the ce
tion of omalizumab in the protocol (20 weeks therefore 6 half-liv
it is possible that omalizumab was present in tissues and there
had an effect on outcome. Another possible contribution to succes
outcomes is the achievement of higher doses early on in the st
(compared to other OIT studies [8,29–34]).

There were limitations to our study. The majority of par
pants were non-Hispanic (93% of ITT). There was no compar
to a multi-allergen OIT alone arm (i.e. without omalizum
facilitation); further studies are needed to test this compari
The sample size was relatively small but was similar in siz
other OIT studies [8,25,26]. Further, as there were no correct
for multiple comparisons or adjustments made for imbalance
baseline characteristics across the treatment arms, interpretat
of results should be made with caution. As with previous mu
OIT studies, regimens were customized to the participant's food
lergies. As such, we were unable to identify which foods cau
AEs; however, this was not a major concern of participants or
vestigators as all food allergens tested at week 36 food challe
showed decreased allergic reactions (Fig. 5). Some patients w
drew prior to week 36 or did not undergo more than 3 food c
lenges (including the placebo challenge) at week 36 which le
many food challenges not being completed (Fig. S3).

OIT is a promising approach for participants with food allergy.
results show that multi-OIT can be performed in multiple centers w
a standardized protocol in a safemanner, with a high rate of comple
Evidence to date suggests that omalizumab-facilitated OIT allows f
rapid and safe dose escalation process. This may help improve com
ance and quality of life for those participants on OIT. Finally, 55% of i
viduals who discontinued OIT showed no objective allergic reac
upon rechallenge; however, the data show that regular, daily the
is optimal for sustained effect of multifood-OIT. Further studies
PETITIONER EXHIBIT 1048 
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Fig. 5.Overviewof food challenge outcomes atweeks 30 and 36. Overviewof food challenge outcomes to foods in eachparticipant'smulti-foodOIT regimenatweek 30 andweek 36. Green
indicates passed and orange failed challenges (to 2 g). “X” is shown if no food challenge was performed.
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needed to determine the optimal maintenance dose needed to susta
desensitization.
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