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Abstract

Background—FAHF-2 is a 9-herb formula based on Traditional Chinese Medicine that blocks
peanut anaphylaxis in a murine model. In Phase | studies, FAHF-2 was found to be safe, and well
tolerated.

Objective—To evaluate the safety and effectiveness of FAHF-2 as a treatment for food allergy.

Methods—In this double-blind, randomized, placebo-controlled study, 68 subjects, 12-45 years
of age, with allergies to peanut, tree nut, sesame, fish, and/or shellfish, confirmed by baseline
double-blind, placebo controlled food challenge (DBPCFC), received FAHF-2 (n=46) or placebo
(n=22). After 6 months of therapy, subjects underwent DBPCFC. For those who demonstrated
increases in eliciting dose, a repeat DBPCFC was performed 3 months after stopping therapy.

Results—Treatment was well-tolerated with no serious adverse events. By intent-to-treat
analysis, the placebo group had a higher eliciting dose and cumulative dose (p=0.05) at the end of
treatment DBPCFC. There was no difference in the requirement for epinephrine to treat reactions
(p=0.55). There were no significant differences in allergen-specific IgE and 1gGg4, cytokine
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production by PBMCs or basophil activation between active and placebo groups. In vitro
immunological studies performed on subject baseline PBMCs incubated with FAHF-2 and food
allergen produced significantly less IL-5, greater IL-10 and increased humbers of Tregs than
untreated cells. Notably, 44% of subjects had poor drug adherence for at least one-third of the
study period.

Conclusion—FAHF-2 is a safe herbal medication for food allergic individuals and shows
favorable in vitro immunomodulatory effects; however, efficacy for improving tolerance to food
allergens is not demonstrated at the dose and duration used.
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Introduction

Methods

Food allergy affects as many as 8% of young children and 5% of adults.[1] Peanut allergy is
the leading cause of food-induced anaphylaxis in the U.S.[2] The standard of care for food
allergy management entails strict avoidance and immediate access to rescue medications,[3]
and currently, there is no effective therapy or cure.

Traditional Chinese Medicine (TCM) has been used in China to treat various diseases for
thousands of years, particularly in the form of herbal formulas. Recently, TCM has been
attracting interest in Western countries as a source of alternative or complementary therapy
for a variety of diseases, including allergies and asthma.[4-8] FAHF-2 is the first botanical
investigational new drug (IND) approved for clinical studies for food allergy by the US
Food and Drug Administration (FDA). FAHF-2 is a 9-herb formula based on the classical
Chinese herbal formula Wu Mei Wan.[9] Murine model studies as well as phase | acute and
extended trials of FAHF-2 in patients with peanut, tree nut, fish and/or shellfish allergy
demonstrated that this formula is safe and well tolerated; and as seen in a murine model of
peanut allergy, it has beneficial immunoregulatory effects in vitro.[10-15]

Therefore, the aim of this study was to examine the safety and efficacy of FAHF-2 for the
treatment of food allergy in a multi-center, randomized, double-blind, placebo-controlled
clinical trial. Based on previously published data, we proposed that the therapeutic effect of
FAHF-2 on food allergy is due to prevention of IgE triggered mast cell/basophil activation
and suppression of Th2 cell cytokine production. Thus, a secondary aim was to examine the
immunomodulatory effects of FAHF-2 in humans.

Study participants

Food allergic individuals ages 12-45 years of age with a convincing history of allergy to
peanut, tree nut (almond, cashew, hazelnut, pecan, pistachio, walnut), sesame, fish (cod,
tuna, salmon, catfish) or shellfish (crab, lobster, shrimp) as documented by a positive skin
test (mean wheal diameter =5 mm greater than the mean of saline control) and/or food
allergen-specific IgE level (IgE = 0.7 kUA/L) and positive double-blind, placebo controlled
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oral food challenge (DBPCFC) (total 2 grams of protein) were eligible for the study. Only
one food allergen was chosen to be studied during the trial for each participant. Females of
childbearing potential were included but had to be sexually inactive or using effective birth
control measures.

Subjects with a history of life-threatening anaphylaxis (involving hypotension or requiring
mechanical ventilation) were excluded. Additional exclusion criteria included history of
systemic disease that in the investigator's opinion would preclude the subject from
participating in this study (e.g. autoimmune disease, neoplasms, HIV or hepatitis virus
infection, bleeding disorders/diatheses, history of breast and/or ovarian cancer); abnormal
hepatic, bone marrow or renal function; clinically significant abnormal electrocardiogram;
current uncontrolled moderate to severe asthma with FEV1 <80% predicted; drug or alcohol
abuse; pregnancy or lactation; use of omalizumab; and participation in another research
protocol within the previous 30 days.

This study was approved by the Institutional Review Boards at each clinical site. Subjects
were recruited from 3 U.S. sites (Icahn School of Medicine at Mount Sinai, New York, NY;
Arkansas Children's Hospital, Little Rock, AR; Ann and Robert H. Lurie Children's Hospital
of Chicago, Chicago, IL).

The study was conducted under an investigational new drug application to the Food and
Drug Administration (FDA) (77,468) and was monitored by an independent data and safety
monitoring board. Written informed consent was obtained prior to enrollment; assent was
obtained for children 12-17 years of age.

Study Design

This was a randomized, double-blind, placebo-controlled trial. Subjects were randomized
using a centralized computer generated algorithm to receive FAHF-2 or placebo (2:1), 10
tablets three times a day for 6 months. The primary endpoint was the percentage of subjects
who could consume, without dose-limiting symptoms, 2 grams of protein or a greater than a
4-fold increase in the allergen dose to induce a positive DBPCFC after therapy compared to
baseline. Secondary outcomes assessed the rate of adverse events as well as immunologic
parameters.

The screening evaluation entailed a medical history, physical examination, skin prick
testing, food-specific IgE testing, pulmonary function test, electrocardiogram, urinalysis,
and routine laboratory blood tests (complete blood count, serum chemistries, renal function,
liver function tests, and pregnancy test for female participants). Subjects underwent a
baseline DBPCFC (up to 2 grams protein).

Subjects continued food allergen avoidance and refrained from other herbal medication use.
Subjects were contacted by telephone weekly for the first 4 weeks, then every 2 weeks to
assess medication adherence and potential adverse events (AEs). Interval history, physical
examination, laboratory tests, and symptom diary were evaluated every 8 weeks at study
visits.
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Post-therapy, a 5 gram protein DBPCFC was performed. Subjects who demonstrated an
improvement in challenge eliciting dose (amount of food allergen that could be consumed
without dose-limiting symptoms) as defined for the primary endpoint returned for a
DBPCFC 3 months off therapy to assess for sustained effect.

Study Medication

FAHF-2 tablets (0.5g/tablet) were produced by Xiyuan Chinese Medicine Research and
Pharmaceutical Manufacturer, China. The quality of raw herbs, manufacturing process and
quality control of the final FAHF-2 product was established according to FDA guidance
under the botanical drug title (Chemical, Manufacturing, and Control Data [21 CFR
312.23(a) (7)]) as published previously.[14]

Placebo tablets were identical in appearance, but contained corn starch (0.55 g/tablet). These
tablets were manufactured by the same company as FAHF-2.

Study procedures

Skin prick testing—Endpoint titrated skin prick tests (SPTs) with serial 10-fold dilutions
were performed at baseline and after the treatment phase. The standard extracts (1:20 wt/
vol) of stock peanut, tree nuts (almond, cashew, hazelnut, pecan, pistachio, walnut), sesame,
fish (cod, tuna, salmon, catfish) or shellfish (crab, lobster, shrimp) (Greer Laboratories;
Lenoir, NC) were used. Negative controls (phenol-saline solution) and positive controls (1
mg/ml histamine base) were also included. SPTs were performed by pricking with a
GreerPick (Greer Laboratories) through a drop of extract placed on the volar aspect of the
forearm. The mean of the largest orthogonal diameters of the wheal was recorded. A wheal
diameter at least 3 mm greater than the negative control was considered a positive response.

DBPCFC—At baseline and post-therapy, subjects underwent DBPCFC which entailed
gradually feeding increasing amounts of the food allergen to a maximum of 2 grams
(baseline DBPCFC) or 5 grams (post-therapy DBPCFCs) protein at 10-15 minute intervals
under supervision. All sites used the same procedure. The doses were distributed in the
following manner: 2 grams (1, 5, 15, 50, 75, 100, 250, 500, and 1000 mg) and 5 grams (1, 5,
15, 50, 75, 100, 250, 500, 1000, 1250, and 1750 mg).

A DBPCFC was considered positive when a subject developed cutaneous (urticaria,
angioedema, and/or flushing), gastrointestinal (abdominal cramping, vomiting, and/or
diarrhea), respiratory (persistent nasal congestion, persistent rhinorrhea, persistent sneezing,
tightness in the throat, dysphonia, dyspnea, and/or wheezing), neurologic (change in activity
level and/or confusion) and/or cardiovascular (dizziness, loss of consciousness, and/or
hypotension) symptoms. DBPCFCs were also stopped if persistent subjective symptoms
were reported.

Immunological Studies

Allergen-specific IgE and IgG, measurements—At each study visit, allergen-
specific IgE (sIgE) to the study food allergen was measured using ImmunoCAP® (Thermo
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Fisher Scientific, Waltham, MA). At baseline and post-therapy, allergen-specific 1gG4
(sIgG,) was measured using ImmunoCAP®.

Cytokine profiles and basophil activation—At baseline and post-therapy, serum
cytokine profiles and basophil activation (ex vivo studies) were determined in both active
and placebo subjects (Repository Methods E1 and E2).[19,20]

In order to assess the response to direct exposure to FAHF-2 and predict clinical outcome, in
vitro studies were performed. PBMCs obtained from subjects at baseline (pre-treatment)
were incubated with FAHF-2 plus food allergen in vitro, and cytokine profiles and T
regulatory cell numbers were determined to correlate cellular responses to FAHF-2 with
clinical outcome. (Repository Methods E3).[14,16]

Safety Monitoring

Subjects were monitored for potential AEs based on criteria approved by the FDA that were
adapted from the World Health Organization (WHO) Recommendations for Grading of
Acute and Subacute Toxicity.[14]

Statistical Analysis

A sample size of 68 subjects (allowing for a 20% drop out rate) would yield 36 active and
18 placebo evaluable patients, providing a power of 83% to detect a difference between an
estimated 60% success rate in meeting the primary endpoint in the active group and 20%
success rate in the placebo group, using a two-tailed Chi-Square test of equal proportions at
a 5% level of significance. The predicted success rate in the placebo group was based on a
prior study where a greater than 4-fold increase in threshold dose was reported in 20% of the
placebo group.[17]

Comparison of categorical data was performed with Fisher's exact test with a 2-tailed p
value, while comparison of continuous data was performed with a t-test. Analysis of
Covariance (ANCOVA) models were used to assess whether the change from baseline to
post-therapy in various outcome variables (sIgE, slgG,, IL-5, IL-10, IFN- v, basophil
activation, SPTs) differed between treatment groups.[18] The change in the outcome was the
dependent variable and the following were independent variables: treatment group, baseline
value, treatment-by-baseline interaction, adherence to treatment, and clinical center. In
addition, random-effects models were used to evaluate the longitudinal responses for each of
the outcome variables.[19] These models included responses at 2, 4, 6, and 9 months after
treatment initiation, and in addition to the independent variables listed in the models above,
time was a predictor variable as well as the interaction between time and treatment group.
This interaction term assessed whether time trends in response differed between treatment
groups.

Statistical analyses for the in vitro immunologic studies were performed using a left
censored log-normal repeated measure tobit model and a mixed model with a random
intercept on natural log transformed Treg percentages.

All analyses were conducted using SAS v. 9.2.
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Results

Subject characteristics

Sixty-eight subjects were randomized; one withdrew within the first 4 weeks and was
replaced per protocol (Figure 1). The median age of the subjects was 16 years (range 12-44
years), and 61.7% were males (Table 1). Peanut was the study allergen for 73.5%. Twenty-
six (38.2%) had a history of food-induced anaphylaxis. Subjects were highly atopic: 88.2%
had multiple food allergies 73.5% had asthma, 70.6% had allergic rhinitis, and 51.5% had
atopic dermatitis.

At the baseline DBPCFC, there were no differences in eliciting dose, cumulative dose or
requirement for epinephrine between treatment groups (Table 1). Furthermore, eliciting dose
did not vary by food.

Clinical outcomes

Fifty-nine subjects (86.8%) completed 6 months of treatment. One did not return for the
post-therapy DBPCFC, leaving 58 evaluable subjects. There was no significant difference
between active and placebo groups in terms of completing the study (37 active, 21 placebo,
p=0.09). Based on the primary endpoint parameters set forth in the protocol, significantly
more placebo-treated subjects met the primary endpoint of having improvements in
consumed allergen dose at the post-therapy DBPCFC as compared to those on treatment
(45.5% success in the placebo group vs 17.4% success in the active group, p=0.01). Using
intent-to-treat (ITT) analysis, the placebo group had a trend for higher eliciting dose and
cumulative dose at the post-therapy DBPCFC (p=0.07) (Table 1, Figure 2). There was no
difference in the requirement for epinephrine to treat reactions (p=0.55) (Table 1). Adjusting
for adherence also did not alter these results.

Subset analyses of Caucasian race (87% of subjects) and peanut allergy (74%) showed no
difference between treatment groups for the primary endpoint of improvement in consumed
allergen dose at the post-therapy DBPCFC (16.7% success in the active group vs. 33.3% in
the placebo group p=0.17; 14.7% success in the active group vs. 37.5% in the placebo
group, p=0.14, respectively). No differences in eliciting or cumulative doses at baseline and
post-therapy DBPCFC were observed in these subgroups.

For those meeting the primary endpoint, a repeat 5 gram DBPCFC was performed 3 months
off treatment. Eight from the active group and 10 from the placebo group met this criterion.
Two from the placebo group declined to participate in this DBPCFC. There was no
significant difference between groups for persistence of effect (5 of 8 active vs 3 of 10
placebo; ITT p=0.34).

Additional post hoc analyses were performed using more stringent criteria as used in the
NIH-funded Consortium of Food Allergy Research (CoOFAR) study protocols including:1)
must tolerate at least 500 mg of food protein if subject tolerated 0-25 mg at baseline food
challenge; 2) must tolerate at least a 10-fold increase in food protein if tolerated 75-250 mg
at baseline food challenge; 3) must tolerate 5 gm or more of food protein if tolerated >500
mg at baseline). Using these criteria, there was no difference between active and placebo
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groups in achieving improved tolerance (2% success in the active group vs 13.6% success in
the placebo group, p=0.08). In addition, there was no difference in persistence of effect.

Adherence to therapy

Adherence was assessed based on the number of tablets taken (calculated by number of
tablets returned subtracted from the number dispensed) in relation to the expected number
taken during the study time frame (study visits occurred every 2 months). Subjects were
considered adherent if medication completion was = 80%. Non-adherence increased over the
course of the study; 44% of subjects had poor adherence for at least one-third of the study
period (Table 2). There was no difference in adherence between active and placebo groups
(p=0.17).

Clinical Adverse Events

A total of 387 adverse events (AEs) were reported; none were severe. There was no
difference in the number of AEs reported per subject between active and placebo groups
(Table 3). Gastrointestinal complaints were most common. There was no difference between
groups in terms of the proportion of gastrointestinal complaints that were associated with
study medication dosing (active: 16/61, placebo: 6/22, p=0.80)

Nine subjects withdrew from the study (Figure 1): 4 cited difficulties with compliance, 4 had
persistent abdominal complaints, 1 developed a new rash for which the subject wanted to
pursue Chinese herbal treatment prescribed by the subject's acupuncturist. All subjects who
withdrew due to persistent abdominal complaints were on active treatment. One of these
subjects was an early drop-out (within the first 4 weeks) and was replaced as per protocol.
For this subject and one other, symptoms resolved within 2 weeks of discontinuing study
medication; no other interventions were required. For the remaining 2 subjects, one was
subsequently diagnosed with non-celiac gluten sensitivity that responded well to a gluten-
free diet; the other was diagnosed with a peptic ulcer and symptoms resolved after starting
lansoprazole. The subject with new rash had been randomized to active treatment. Two
subjects in the active group were lost to follow-up; 1 completed treatment, but did not finish
the DBPCFC due to scheduling conflicts.

Immunological test results

There were no differences between treatment groups at baseline and at the end of therapy for
all laboratory parameters measured. Pulmonary function studies and electrocardiogram
findings did not change following treatment.

While a significant decrease in basophil activation at 200ng/mL in the active group from
baseline to the end of the study (p=0.004) was observed, there was no significant difference
in the change for this parameter when comparing the active and placebo groups (p=0.1).
There were no significant changes in sIgE, slgGy, SIQE/sIgG, ratio, and IL-10 and IFN- y
levels between treatment groups (Table 4). A significant increase in IL-5 was observed in
the active group, but no change was seen in the placebo group. In addition, sIgE levels did
not change over time in either treatment group, and there was no difference between slopes
(p=0.9859). Adjusting for adherence did not change these results.

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 October 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

Page 8

No difference in baseline median SPT was detected between groups (Table 1). Endpoint
titration SPTs before and after treatment comparisons found a greater median change for the
area under the SPT endpoint titration curve for the placebo group compared to the active
group (p=0.03).

In Vitro Immunomodulatory Effects of FAHF-2 on PBMCs obtained at baseline

In order to assess the response to direct exposure to FAHF-2 and predict clinical outcome, in
vitro studies were performed with PBMCs obtained from subjects at baseline. In the initial
experiments, we tested 2 doses. As shown in Figure 3A. Ag+250 pg/mL of FAHF-2 showed
significantly lower levels of IL-5 and higher levels of 1L-10 compared to cultures with
allergen alone (n=12). There was no difference in cytokine levels between PBMCs cultured
with Ag alone and Ag+125 pug/mL FAHF-2. We then determined the effects of 250 ug/mL
of FAHF-2 and found a reduction in IL-5 and increase in IL-10 (Allergen+FAHF-2 vs.
Allergen, p<0.05, n=53, Figure 3B) Significantly increased number of CD4*CD25* FoxP3*
T regulatory cells was exhibited in the FAHF-2 treated condition (FAHF-2+Allergen vs.
Allergen, p<0.05, n=10, Figure 4).

Discussion

FAHF-2 is a 9-herb formula that is highly safe and effective in murine models of peanut and
multiple food allergies.[10-13] Based on the favorable results of the acute and extended
phase I studies,[14,15] we performed a multi-center, randomized, double-blind, placebo-
controlled phase Il clinical trial to assess safety and efficacy in food allergic individuals.

The results of this study did not demonstrate efficacy of FAHF-2 using a dose of 10 tablets
three times a day for 6 months. There was also no significant difference over time within
groups or between groups for the other immunologic parameters examined.

Our results provide further support of the safety of this herbal medication, with no
differences observed between groups in terms of adverse events, routine laboratory
parameters, pulmonary function studies or electrocardiograms. Although no differences in
gastrointestinal side effects were reported between groups, 4 subjects receiving active
treatment withdrew due to gastrointestinal complaints, suggesting that the number of tablets
and/or herbal medication may adversely affect certain individuals. However, of those who
were able to complete 6 months of therapy, adherence to study medication was no different
between treatment groups.

A significant limitation to this study was the unequal rates of withdrawal (21% in the active
group vs. 5% of the placebo group), which can limit assessments of safety and efficacy.
Several additional limitations may have affected our ability to detect efficacy. First, the dose
used was based on an extrapolation from the effective murine dose using body surface area
while also considering the tablet burden that can negatively impact adherence. In this trial,
80% of the full murine dose was chosen, which was 10 tablets three times a day. This high
tablet load posed a significant burden on subjects, contributing to drop-out as well as low
adherence. Nearly half of the subjects had <80% medication adherence for at least 2 months
of the 6 month study and a third were non-adherent during 4-6 months just before the post-
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therapy DBPCFC. Thus, suboptimal dosing may contribute to the lack of efficacy seen in
this clinical trial. Second, the treatment duration was suboptimal. To achieve a comparable
duration to the 7 week treatment in the mouse, 2-3 years of therapy would be required in
humans. Data from oral immunotherapy studies also indicate that longer treatment durations
are likely to be more effective for well-established food allergy.[20,21]

Animal studies also suggest that concurrent allergen exposure may be necessary for efficacy
of FAHF-2. In the murine experiments, the mice were exposed to allergen monthly
throughout the study.[12] In this clinical trial, subjects were instructed to maintain strict
allergen avoidance, and thus, did not receive concurrent allergen exposure.

Consistent with previous findings,[14] PBMCs cultured with FAHF-2 switched from
antigen-induced Th2 to Th1/Treg predominant responses. A higher number of
CD4+CD25+Foxp3+ Treg cells were present in FAHF-2+antigen cultures than in cultures
with allergen alone. The discrepancy between in vitro and ex vivo results may be due to
direct exposure to sufficient amounts of active compounds in vitro that was not replicated in
vivo under the current clinical study conditions, suggesting that optimizing the treatment
dose and more effectively ensuring compliance will be necessary to achieve clinical
efficacy.

Results from published food therapy studies indicate that additional factors may influence
the ability to modulate the immune system toward tolerance. Oral immunotherapy (OIT) and
sublingual immunotherapy (SLIT) studies suggest that an older age at the start of treatment
may result in more difficulty achieving desensitization, as success rates tended to be higher
in studies that included primarily younger children.[22-24] Furthermore, in 2 studies that
included children with a history of anaphylaxis, lower success rates for desensitization were
observed in comparison to studies that excluded those with a history of anaphylaxis.[25,26]
Subjects in our study were older, with a median age of 16 years, and over a third had a
history of anaphylaxis, thus our study population may need optimized doses and prolonged
treatment to impact their established allergy.

While the results of this study do not demonstrate clinical efficacy at this dose and duration,
several lessons can be learned, in particular, the importance of selecting clinically
meaningful endpoint criteria and trial design. Clinically relevant endpoints are necessary as
small improvements in cumulative dose in a positive DBPCFC do not provide sufficient
protection in case of a true accidental exposure. Using our original endpoint parameters,
significantly more placebo-treated subjects experienced improvements in tolerance after 6
months. However, post-hoc analyses using the criteria from the CoFAR group [24] showed
no difference between treatment groups. This is due to several subjects being categorized as
improved based on small incremental increases in their dose consumed without symptoms
during the DBPCFC using the original endpoint parameters, which are likely to be clinically
irrelevant. This also suggests that eliciting and cumulative dose may vary over time without
treatment.

The need for well-designed, placebo-controlled studies is supported by our observation of
clinical improvements in several subjects who received placebo treatment over the relatively
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short period of this study. Spontaneous tolerance has also been reported in adolescents in a
peanut SLIT study.[24] In recent peanut OIT studies, the improvement rate in placebo
groups varied between 0-15%.[27-29] Spontaneous tolerance to tree nuts and fish/shellfish
are generally reported to be 9% and 1-2%, respectively.[3] In this study, the improvement
rate in the placebo group is higher than previously reported. The reason for this is unknown,
requiring further investigation, but study design is known to influence clinical trial success
as well. Higher placebo responses have been observed in studies where the chances of
receiving active treatment exceed 50% because there is a high expectation of improvement,
[30,31] thus leading to poor discrimination between treatment groups. This study
randomized subjects 2:1 active to placebo (67% chance of receiving active treatment) in part
because of the observation that prospective participants in other food therapy trials with 1:1
randomization schemes were declining participation due to a high likelihood of receiving
placebo treatment. In retrospect, this study design may have contributed to our observation
that more placebo subjects experienced an increase in cumulative tolerated dose at the post-
therapy DBPCFC.

In summary, this study demonstrates that FAHF-2 is a safe herbal medication for food
allergic individuals; however, efficacy was not demonstrated at the dose and duration used.
Future studies will optimize doses and employ longer treatment durations using the refined
formula that has recently been developed which will require fewer tablets.[32] This will also
facilitate improved adherence. Improved study design as well as combination therapy to
provide concurrent allergen exposure, as in OIT, may enhance our ability to demonstrate
efficacy of this herbal product for food allergy.

Acknowledgments

We thank Jaime Ross, RN, Paul Faybusovich, Min-Li Hong, June Straw, RN, Suzanne Carlisle, RN, Maripaz
Vazquez, RN, BSN and Wendy Lankenau, RN for study coordination and support. We would like to thank the staff
of the clinical research unit at each institution and the patients and families who kindly participated.

Funding: This study was supported by NIH/NCCAM Center for complementary and Alternative Medicine grant
#1R01AT001495-01A1 and 2R01 AT001495-05A1, the Food Allergy Research & Education and Winston Wolkoff
Fund for Integrative Medicine for Allergies and Wellness to Dr. Xiu-Min Li and NIH/NIAID K23 Al083883 to Dr.
Julie Wang.

The project described was supported by the Grant Number #UL1TR000067 (Mount Sinai) from the National Center
for Advancing Translational Sciences (NCATS), a component of the National Institutes of Health (NIH).

The project was also supported by the Pediatric Clinical Research Unit and received CTSA support at Arkansas:
TR000039 (University of Arkansas for Medical Sciences).

Support at the Ann & Robert H. Lurie Children's Hospital of Chicago was provided by the National Center for
Research Resources (NCRR) and the National Center for Advancing Translational Sciences (NCATS), National
Institutes of Health (NIH) through Grant Numbers UL1TR000150 and UL1RR025741.

The content is solely the responsibility of the authors and does not necessarily represent the official views of the
NIH.

References

1. Sicherer SH, Sampson HA. Food allergy: Epidemiology, pathogenesis, diagnosis, and treatment. J
Allergy Clin Immunol. 2014; 133:492-499.e8. [PubMed: 24636473]

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

15.

16.

17.

18.

19.

Page 11

. Decker WW, Campbell RL, Manivannan V, Luke A, St Sauver JL, Weaver A, Bellolio MF, et al.

The etiology and incidence of anaphylaxis in Rochester, Minnesota: a report from the Rochester
Epidemiology Project. J Allergy Clin Immunol. 2008; 122:1161-5. [PubMed: 18992928]

. Boyce JA, Assa'ad A, Burks AW, Jones SM, Sampson HA, et al. NIAID-Sponsored Expert Panel.

Guidelines for the Diagnosis and Management of Food Allergy in the United States: Report of the
NIAID-Sponsored Expert Panel Report. J Allergy Clin Immunol. 2010; 126(6 Suppl):1105-1118.
[PubMed: 21134568]

. Hsu CH, Lu CM, Chang TT. Efficacy and safety of modified Mai-Men-Dong-Tang for treatment of

allergic asthma. Pediatr Allergy Immunol. 2005; 16:76-81. [PubMed: 15693916]

. Chan CK, Kuo ML, Shen JJ, See LC, Chang HH, Huang JL. Ding Chuan Tang, a Chinese herb

decoction, could improve airway hyper-responsiveness in stabilized asthmatic children: a
randomized, double-blind clinical trial. Pediatr Allergy Immunol. 2006; 17:316—22. [PubMed:
16846448]

. Chang TT, Huang CC, Hsu CH. Clinical evaluation of the Chinese herbal medicine formula STA-1

in the treatment of allergic asthma. Phytother Res. 2006; 20:342—7. [PubMed: 16619360]

. Wen MC, Wei CH, Hu ZQ, Srivastava K, Ko J, Xi ST, et al. Efficacy and tolerability of anti-asthma

herbal medicine intervention in adult patients with moderate-severe allergic asthma. J Allergy Clin
Immunol. 2005; 116:517-24. [PubMed: 16159618]

. Kelly-Pieper K, Patil SP, Busse P, Yang N, Sampson H, Li XM, et al. Safety and tolerability of an

antiasthma herbal Formula (ASHMI) in adult subjects with asthma: a randomized, double-blinded,
placebo-controlled, dose-escalation phase I study. J Altern Complement Med. 2009; 15:735-43.
[PubMed: 19586409]

. Bensky, D.; Gamble, A. Materia Medica. Seattle: Eastland Press; 1993. Chinese Herbal Medicine.

Revised ed

10. Srivastava KD, Kattan JD, Zou ZM, Li JH, Zhang L, Wallenstein S, et al. The Chinese herbal

medicine formula FAHF-2 completely blocks anaphylactic reactions in a murine model of peanut
allergy. J Allergy Clin Immunol. 2005; 115:171-8. [PubMed: 15637565]

. Qu C, Srivastava K, Ko J, Zhang TF, Sampson HA, Li XM. Induction of tolerance after
establishment of peanut allergy by the food allergy herbal formula-2 is associated with up-
regulation of interferon-gamma. Clin Exp Allergy. 2007; 37:846-55. [PubMed: 17517098]

. Srivastava KD, Qu C, Zhang T, Goldfarb J, Sampson HA, Li XM. Food Allergy Herbal Formula-2
silences peanut-induced anaphylaxis for a prolonged post treatment period via IFN-gamma-
producing CD8+ T cells. J Allergy Clin Immunol. 2009; 123:443-51. [PubMed: 19203662]

. Srivastava KD, Bardina L, Sampson HA, Li XM. Efficacy and immunological actions of FAHF-2
in a murine model of multiple food allergies. Ann Allergy Asthma Immunol. 2012; 108:351—
358.el. [PubMed: 22541407]

14. Wang J, Patil SP, Yang N, Ko J, Noone S, Sampson HA, et al. Safety, tolerability, and

immunologic effects of a food allergy herbal formula in food allergic individuals: a randomized,
double-blinded, placebo-controlled, dose escalation, phase 1 study. Ann Allergy Asthma Immunol.
2010; 105:75-84. [PubMed: 20642207]

Patil SP, Wang J, Song Y, Noone S, Yang N, Wallenstein S, et al. Clinical safety of Food Allergy
Herbal Formula-2 (FAHF-2) and inhibitory effect on basophils from patients with food allergy:
Extended phase | study. J Allergy Clin Immunol. 2011; 128:1259-1265.e2. [PubMed: 21794906]
Jones SM, Pons L, Roberts JL, Scurlock AM, Perry TT, Kulis M, et al. Clinical efficacy and
immune regulation with peanut oral immunotherapy. J Allergy Clin Immunol. 2009:292-300.
[PubMed: 19577283]

Sampson HA, Leung DY, Burks AW, Lack G, Bahna SL, Jones SM, Wong DA. A phase II,
randomized, double-blind, parallel-group, placebo-controlled oral food challenge trial of Xolair
(omalizumab) in peanut allergy. J Allergy Clin Immunol. 2011 May; 127(5):1309-10.e1.
[PubMed: 21397314]

Fleiss, JL. The Design and Analysis of Clinical Experiments. New York: John Wiley & Sons;
1986.

Diggle, PJ.; Liang, KY.; Zeger, SL. Analysis of Longitudinal Data. New York: Oxford
Publications; 1994.

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Page 12

Burks AW, Jones SM, Wood RA, Fleischer DM, Sicherer SH, Lindblad RW, et al. Oral
immunotherapy for treatment of egg allergy in children. N Engl J Med. 2012; 367:233-43.
[PubMed: 22808958]

Vickery BP, Scurlock AM, Kulis M, Steele PH, Kamilaris J, Berglund JP, et al. Sustained
unresponsiveness to peanut in subjects who have completed peanut oral immunotherapy. J Allergy
Clin Immunol. 2014; 133:468-475.e6. [PubMed: 24361082]

Martorell A, De la Hoz B, Ibafiez MD, Bone J, Terrados MS, Michavila A, et al. Oral
desensitization as a useful treatment in 2-year-old children with cow's milk allergy. Clin Exp
Allergy. 2011; 41:1297-304. [PubMed: 21481024]

Kim EH, Bird JA, Kulis M, Laubach S, Pons L, Shreffler W, et al. Sublingual immunotherapy for
peanut allergy: Clinical and immunologic evidence of desensitization. J Allergy Clin Immunol.
2011; 127:640-646, el. [PubMed: 21281959]

Fleischer DM, Burks AW, Vickery BP, Scurlock AM, Wood RA, Jones SM, et al. Sublingual
immunotherapy for peanut allergy: a randomized, double-blind, placebo-controlled multicenter
trial. J Allergy Clin Immunol. 2013; 131:119-27.e1-7. [PubMed: 23265698]

Blumchen K, Ulbricht H, Staden U, Dobberstein K, Beschorner J, de Oliveira LC, et al. Oral
peanut immunotherapy in children with peanut anaphylaxis. J Allergy Clin Immunol. 2010;
126:83-91. [PubMed: 20542324]

Longo G, Barbi E, Berti I, Meneghetti R, Pittalis A, Ronfani L, et al. Specific oral tolerance
induction in children with very severe cow's milk-induced reactions. J Allergy Clin Immunol.
2008; 121:343-7. [PubMed: 18158176]

Tang ML, Ponsonby AL, Orsini F, Tey D, Robinson M, Su EL, et al. Administration of a probiotic
with peanut oral immunotherapy: A randomized trial. J Allergy Clin Immunol. 2015 Epub ahead
of print.

Anagnostou K, Islam S, King Y, Foley L, Pasea L, Bond S, et al. Assessing the efficacy of oral
immunotherapy for the desensitisation of peanut allergy in children (STOP I1): a phase 2
randomised controlled trial. Lancet. 2014; 383:1297-304. [PubMed: 24485709]

Burks AW, Wood RA, Jones SM, Sicherer SH, Fleischer DM, Scurlock AM, et al. Sublingual
immunotherapy for peanut allergy: Long-term follow-up of a randomized multicenter trial. J
Allergy Clin Immunol. 2015 Epub ahead of print.

Weimer K, Gulewitsch MD, Schlarb AA, Schwille-Kiuntke J, Klosterhalfen S, Enck P. Placebo
effects in children: a review. Pediatr Res. 2013; 74:96-102. [PubMed: 23598811]

Papakostas GI, Fava M. Does the probability of receiving placebo influence clinical trial outcome?
A meta-regression of double-blind, randomized clinical trials in MDD. Eur
Neuropsychopharmacol. 2009; 19:34-40. [PubMed: 18823760]

Srivastava K, Yang N, Chen Y, Lopez-Esposito I, Song Y, Goldfarb J, et al. Efficacy, safety and
immunological actions of butanol-extracted Food Allergy Herbal Formula-2 on peanut
anaphylaxis. Clin Exp Allergy. 2011; 41:582-91. [PubMed: 21121976]

Abbreviations

FAHF-2 Food Allergy Herbal Formula-2

PN Peanut

TN Tree nuts

DBPCFC double-blind, placebo-controlled oral food challenge
slgE specific IgE

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 October 01.



1duosnuepy Joyiny 1duosnuey Joyiny 1duosnuepy Joyiny

1duosnuep Joyiny

Wang et al.

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 October 01.

Page 13




1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Wang et al.

Page 14

Assessed for eligibility (n=106)

Excluded (n=37)
+ Not meeting inclusion criteria (n=34)

\ 4

+ Declined to participate (n=3)

Randomi

red (n=69)

A 4

Allocated to active treatment (n=47)

Lost to follow-up (n=2)
e Scheduling difficulties (n=2)
Discontinued intervention (n=8)
« Difficulty with adherence (n=3)
e Gastrointestinal adverse events (n=4)
o 1 subject withdrew within the
first 4 weeks and was replaced
as per protocol
e Desire to use other herbal treatment
(n=1)

A 4

Underwent OFC after 6 months of treatment
(n=37)

A 4

Eligible for DBPCFC 3 months off therapy
(n=8)

Figure 1.

\4

Allocated to placebo (n=22)

A\ 4

Discontinued intervention (n=1)
o Difficulty with adherence

A 4

Underwent OFC after 6 months of treatment
(n=21)

A 4

Eligible for DBPCFC 3 months off therapy
(n=10)
Declined to return for DBPCFC (n=2)

Consort Flow Chart for this randomized, double-blind, placebo-controlled trial. After
screening and baseline 2 gram protein DBPCFC, subjects were randomized to receive
FAHF-2 or placebo (2:1), 10 tablets three times a day for 6 months. After 6 months of
treatment, a 5 gram protein DBPCFC was performed to assess for effect of the study
medication. Subjects who demonstrated an improvement in tolerance (amount of food
allergen that could be consumed without dose-limiting symptoms) as defined for the primary
endpoint returned for a DBPCFC 3 months off therapy to assess for sustained effect.
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Figure 2.
Cumulative tolerated at oral food challenge at baseline and after the 6 month treatment

period comparing active and placebo treated groups. The mean cumulative dose tolerated by
the active group at baseline was 266.2 mg (95% Cl, 150.3-382.1) and at 6 months was 369.2
mg (95% Cl, 47.0-691.4). The mean cumulative dose tolerated by the placebo group at
baseline was 352.5 mg (95% CI, 108.5-596.5) and at 6 months was 1022.Img (95% ClI,
326.4-1717.8).
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Figure 3.

FAHF-2 suppressed IL-5 and increased I1L-10 in vitro. A. PBMCs (4 x 10°) from subjects
(n=12) were obtained at the baseline visit and cultured in AIM-V media alone, with relevant
allergen (200/ml), allergen+FAHF-2 (125 or 250ug/ml). After a 3 day culture, culture
supernatants were harvested and IL-5, IFN-y and IL-10 levels were measured by ELISA.
Cell viability was determined by trypan blue dye exclusion. B: IL-5 IL-10 and IFN-y
production from PBMCs obtained at baseline with or without FAHF-2 in vitro culture
(n=53). Cultures were conducted as described in Fig 3A. Data are shown as mean = SEM
and analyzed using a left censored log-normal repeated measures tobit model. *P < .05,
Allergen versus Allergen+FAHF-2.
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Figure 4.
FAHF-2 increased number of T regulatory cells in vitro. PBMCs from subjects obtained at

baseline were cultured as described in Figure 2. After a 3 day culture, numbers of
CD4+CD25+ Foxp3+ Tregs were determined by flow cytometry. Data were analyzed by
using FlowJo software. A, Dot plots are representative of an individual subject. B, Bar graph
showing data for 10 subjects. Data are shown as mean + SEM and analyzed by a mixed
model with a random intercept on natural log transformed Treg percentages in 3B. *P < .05,
Allergen versus Allergen+FAHF-2.
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Table 1
Study subject characteristics

Characteristics | Active (n=46) | Placebo (n=22) | p-value
Age (median, range) | 17 years (13-44 yrs) | 15.5 years (12-41 yrs) | 0.81
Gender — Male | 27 (58.7%) | 15 (68.2%) | 0.60
Race

Caucasian 42 (91.3%) 17 (77.3%) 0.27

African American 1(2.2%) 2 (9.1%) 0.24

Asian 3(6.5%) 3(13.6%) 0.38
Peanut allergy | 34 (73.9%) | 16 (72.7%) | 1
Multiple Food Allergies | so@aswy | arssw) | oz
History of anaphylaxis | 19 (41.3%) | 7 (31.8%) | 0.60
Asthma | 37 (80.4%) | 13 (59.1%) | 0.08
Allergic rhinitis | 32 (69.6%) | 16 (72.7%) | 1
Atopic dermatitis | 24 (52.2%) | 11 (50%) | 1
sIgE (median, range) (KU/L) 30.8 (0.77 —100) 20.05 (0.59 —100) 0.34
skin prick test (median, range) (mm wheal) 10.75 (3-28) 8.88 (0-26) 0.13
Baseline DBPCFC (mg protein):

Eliciting dose 6 (1-496) 1 (1-496) 0.79

Cumulative dose 113.5 (1-2000) 71 (1-2000) 0.97
Epinephrine administered 20 (43.4%) 9 (40.9%) 0.84
Final DBPCFC (mg protein): N=37 (9 missing) N=21 (1 missing)

Eliciting dose 6 (1-5000) 21 (1-3256) 0.09

Cumulative dose 21 (1-5000) 146 (1-5000) 0.07
Epinephrine administered 13 (35.1%) 4 (19.0%) 0.55 (ITT)
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Adherence to study medication for the 59 subjects who completed the 6 month trial

Table 2

a. An increasing number of subjects had poor adherence over time

Assessments made at each study visit

# subjects with adherence <80%

Percentage with adherence <80%

Month 2 8 13%
Month 4 11 18.6%
Month 6 19 32%

b. Adherence to study medication was similar between active and placebo groups

Non-adherence Active (n=38) | Placebo (n=21) | P-value
Non-adherence noted at 1 study visit 9 (24%) 7 (33%) 0.54
Non-adherence noted at 2 study visits 5 (13%) 3 (14%) 1
Non-adherence noted at all study visits 0 2 (10%) 0.12
Non-adherence noted for either part or all of the 6 month study 14 (37%) 12 (57%) 0.17
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Table 3
Adverse events
Adverse events | Active | Placebo | p-value
Number of AEs reported per subject — median (range) | 4 (0-34) | 5 (0-19) | 0.88
Type of AE:
Gl 61(23%) | 28 (23%) 1
Cutaneous 17 (6.4%) 6 (4.9%) 0.65
Respiratory 56 (21.1%) 22 (18%) 0.59
Ocular 4 (1.5%) 1 (0.8%) 1
Sinusitis 4 (1.5%) 2 (1.6%) 1
Pharyngitis 15(5.7%) | 13 (10.7%) 0.09
Headache 29 (11%) 8 (6.6%) 0.20
Lab abnormality 11 (4.2%) 3 (2.5%) 0.56
Food allergic reaction 28 (10.6%) | 17 (13.9%) 0.39
SCIT reaction for AR 0 3(2.5%)" 0.03
Fever, no other symptoms 2 (0.8%) 1(0.8%) 1
Other™ 38 (14.3%) | 18 (14.8%) 1
Severity:
Mild 250 113
Moderate 15 9 0.50
Severe 0 0
Relatedness:
Definitely 1 0
Probably 7 0
Possibly 45 18 0.66
Unrelated 212 104 0.26

*
Reported for a single subject

**
Other symptoms included: tooth infection, yeast infection, neck pain, orthopedic injury, ingrown toenail, ingrown hair, epistaxis, general

malaise, insect bite, cold sore, otitis externa, black eye, hot flashes, sun sensitivity, difficulty sleeping, UTI, salivary gland infection, fatigue,
concussion, pain from braces, thrush
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