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STATEMENT OF COMPLIANCE

The study will be carried out in accordance with Good Clinical Practice (GCP) as required by the
following:

¢ United States (US) Code of Federal Regulations (CFR) applicable to clinical studies
(45 CFR Part 46, 21 CFR Part 50, 21 CFR Part 56, and 21 CFR Part 312)

¢ International Conference on Harmonisation (ICH) E6; 62 Federal Register 25691 (1997)

o National Institutes of Health (NIH) Clinical Terms of Award

All key personnel (all individuals responsible for the design and conduct of this study) have
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PROTOCOL SUMMARY

Title:

Phase:
Population:

Subject Participation Duration:

Description of Agent or Intervention:

Dosage and Administration:

Objectives:

Primary:

Secondary:

Optional Sub-study:

Study Design:

Probiotics as an immune adjuvant for influenza
vaccination in the elderly

Stage | - open label study to evaluate the safety of
Lactobacillus rhamnosus GG ATCC 53103 (LGG) in
elderly subjects

|
10-15 elderly subjects, ages 65-80 years

Approximately 3 months (includes screening visit,
baseline visit and follow-up through 2 months).

Lactobacillus rhamnosus GG ATCC 53103 (LGG)
capsules containing 1 x 10'° CFU

LGG capsules will be administered orally twice a day
for 28 days — total daily dose 2 x 10'° CFU

Assess the safety and tolerability of 2 x 10'° CFU LGG
administered orally to elderly subjects for 28 days.

Evaluate the richness and microbial diversity in
nasopharyngeal and stool specimens using
pyrosequencing.

Compare cytokine production in response to bacterial
stimulation by following the kinetics of mMRNA
expression of pro and anti-inflammatory genes and
different signaling pathways, in relation to changes in
stool Bifidobacterium and Lactobacillus spp.

Open label trial in elderly subjects. Eligible subjects
will be recruited using IRB-approved procedures and
screened as outpatients in the Clinical Research
Center (CRC) of Tufts Medical Center or
Massachusetts General Hospital. Enrolled subjects
will take 1 LGG capsule orally, twice a day, for 28
days, as outpatients. Subjects will have visits in the
CRC at baseline, Day 28 and Day 56. During each
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Safety Evaluations:

visit, the subject diary, interim history, potential
adverse effects and concomitant medications will be
reviewed and vital signs and a physical examination
will be performed. Routine blood and urine tests will
be performed as specified during visits and
nasopharyngeal and stool samples will be collected.
Subjects will also be contacted by telephone on days
3, 7, and 14, to determine if any adverse events have
occurred. Those participating in the sub-study will
have extra blood drawn for DNA and RNA extraction.

Safety will be assessed by interim history, review of
subject diaries, adverse event questionnaires
administered during study visits and on telephone
calls, vital signs, physical examinations and laboratory
tests.
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Description of Study Design:

Obtain informed consent

A 4

Screen volunteers

Baseline visit

Interim history & physical, labs and
vitals

Confirm eligibility and willingness
to proceed

Offer participation in sub-study
Culture for LGG: stool, and study
drug as dispensed

Microbiota: nasopharyngeal, stool
Dispense 28 days of study drug
Observe first dose of study drug
Sub-study labs (if enrolled)

A 4

Follow-up phone call — Day 3 (+/- 1 day)

AE assessment, compliance

y

Follow-up phone call — Day 7 (+/- 2 days)

AE assessment, compliance

Follow-up phone call — Day 14 (+/- 2 days)
e AE assessment, compliance

A 4

Follow-up visit — Day 28 (+/- 2 days) —
completion of study drug
e Interim history & physical, labs
and vitals
e AE assessment, review of subject
diary, compliance
e Culture for LGG: stool, and study
drug returned by volunteer
e Microbiota: nasopharyngeal, stool
e Sub-study labs (if enrolled)

A 4

Follow-up visit — Day 56 (+/- 1 week) —
end of study

e Interim history & physical, labs
and vitals
AE assessment, compliance
Culture for LGG: stool
Microbiota: nasopharyngeal, stool
Sub-study labs (if enrolled)

10
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TIME AND EVENT SCHEDULE FOR ELDERLY SUBJECTS

Measurement Screening Day Baseline End of Therapy | End of Study
-31to Day -1 Day O Day 28 Day 56
Informed consent / HIPAA X
authorization
Inclusion/exclusion criteria X X
Demographics X
History or interval history (and X X X X
yogurt consumption)
Vital signs, physical X X X X
examination
CBC, serum chemistries, liver X X X X
function tests
Drug and alcohol screening X Alcohol
HIV antibody, HCV antibody X
Hepatitis B Surface antigen
Concomitant therapy X X X X
Study treatment X Twice daily x 28
days
Study drug counts X
Stool culture for LGG — if X X X
positive, PFGE/PCR
compared to administered
LGG
Stool and nasopharyngeal X X X
samples for microbiota
Study drug colony counts X X
Sub-study blood (DNA, RNA, X X X
cytokines)
Adverse events — X X X

guestionnaire, self report and
subject diary

11
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1 KEY ROLES

For questions regarding this protocol, contact Patricia L. Hibberd, MD, PhD, Physician,
Massachusetts General Hospital; Phone 617-643-8683; Fax 617-726-1886; phibberd@partners.org
and Tufts Medical Center; Phone 617-636-5143; Fax 617-636-1580;
phibberd@tuftsmedicalcenter.org. Dr Hibberd is Principal Investigator of the study at both
institutions.

Individuals:

Principal Investigator:

Patricia L. Hibberd, MD, PhD
Massachusetts General Hospital
50 Staniford Street, Suite 401
Boston MA 02114

Phone : 617-643-8683

Fax : 617-726-1886

Cell : 781-290-7226

Email : phibberd@partners.org

and

Patricia L. Hibberd, MD, PhD

Tufts Medical Center

800 Washington St. Box 041

Boston, MA 02111

Phone: 617-636-5143

Fax: 617-636-1580

Cell : 781-290-7226

Email: phibberd@tuftsmedicalcenter.org

Sub-Investigators:

Lisa Davidson, MD

Tufts Medical Center

800 Washington St, Box 238

Boston, MA 02111

Phone: 617-636-2867

Email: [davidsonl@tuftsmedicalcenter.org

Protocol Manager:

Christine Botelho, MPH

50 Staniford Street, Suite 401
Boston MA 02114

Phone : 617-643-8683
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Email : chotelho@partners.org

Statistician and Data Manager:
Anne-Maria Fiorino, MS

50 Staniford Street, Suite 401
Boston MA 02114

Phone : 617-643-8683

Email: afiorino@partners.org

Study Coordinator:

Irina Andreyeva

50 Staniford Street, Suite 401
Boston MA 02114

Phone : 617-643-8683

Email: iandreyeva@partners.org

Research Coordinator:

Elyse Goveia

Tufts Medical Center

800 Washington St. Box 041

Boston, MA 02111

Phone: 617-636-5143

Email: egoveia@tuftsmedicalcenter.org
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2 INTRODUCTION AND SCIENTIFIC RATIONALE

2.1 Background

2.1.1 Importance and Burden of Influenza

Influenza remains a major cause of morbidity and mortality in the United States. lllness occurs in
10-20% of the population each year *. Adults aged > 65, young children, and people with chronic
medical conditions continue to bear the brunt of the disease because they are at higher risk for
complications, hospitalizations, and death from influenza 2. The majority of influenza related deaths
(>90%) occur among the elderly > and influenza associated mortality appears to be increasing
(estimated 19,000 influenza-associated deaths per influenza season from 1976-1990 and 36,000
deaths per season from 1990-1999) **. From 1970-1995, of the estimated 3 million excess
hospitalizations associated with influenza, rates were highest in the elderly (174/100,000) vs. the
rest of the population (49/100,000) °. This increase may be due to an increase in the elderly
population or the number of influenza seasons in which influenza A (H3N2) predominates 2°.
Influenza-related deaths can result from pneumonia, exacerbations of cardiopulmonary conditions
and other chronic diseases. Thompson et al. estimated rates of influenza-associated pulmonary
and circulatory deaths/100,000 persons were 0.4-0.6 among persons 0-49 years, 7.5 among
persons 50-64 years, and 98.3 among persons >65 years °.

2.1.2 Current Strategies

Influenza vaccination is the primary means of preventing influenza infection. Two types of vaccine
are available - inactivated trivalent influenza vaccine (T1V) and live attenuated influenza vaccine
(LAIV). The Advisory Committee on Immunization Practices currently recommends annual
vaccination with TIV in persons aged >50 years, children aged 6-23 months, pregnant women, and
persons of any age with chronic medical conditions ®. LAIV is recommended for healthy children
and non-pregnant adults aged 2-49 years. TIV vaccination in the elderly results in reductions in
hospitalization, morbidity, and mortality . Annual influenza vaccination has been shown to be
associated with a reduction in all-cause mortality in community dwelling elderly persons 2. In
addition, the CDC also recommends that health-care workers and household contacts who have
frequent contact with persons at high risk should also be vaccinated. Although young children and
the elderly suffer the greatest morbidity and mortality, exposure of their caregivers results in a high
burden of health care expenditures. Influenza vaccination reduces both direct medical costs, such
as physician visits and antibiotics uses, and indirect costs such as work absenteeism ° *°.

While studies in children have demonstrated superior or equivalent efficacy between LAIV and TIV
in children, recent studies have not consistently demonstrated the same robust results in healthy
adults. One randomized controlled trial comparing LAIV and TIV published in 1994 found that LAIV
was equally efficacious to TIV in reducing infection and morbidity due to influenza **. In a meta

14
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analysis comparing 18 randomized trials involving a total of 5000 vaccines *2, the two vaccines were
found to have similar efficacy in preventing influenza infection and similar rates of adverse
reactions, but this conclusion was not based on studies directly comparing the two vaccines.
However, Monto et al ** reported sub-optimal protection against laboratory confirmed symptomatic
influenza following administration of LAIV compared with TIV for the 2007-2008 influenza season.
Absolute efficacy was 68% in those subjects receiving TIV vs. 36% in those receiving LAIV.
Similarly, in a study evaluating prevention of laboratory-confirmed symptomatic illnesses from
influenza in healthy adults during the 2004-2005 season in which most circulating viruses were
dissimilar to those included in the vaccine, TIV was effective, while LAIV was less efficacious 4.

Concerns about vaccine safety and sub-optimal efficacy in the elderly, people with co-morbid
conditions, and the immunosuppressed continue to spur the search for ways to boost immune
response after administration of both types of vaccine. One recently published study in the elderly
did find LAIV to be protective against culture confirmed influenza in adults aged 60 and over *°>. An
alternative promising strategy is co-administration of LAIV and TIV in the elderly. Several placebo
controlled studies suggest that the combination may be safe and immunogenic ', In one trial
to evaluate safety and efficacy of LAIV in combination with TIV in patients age > 65 with chronic
diseases, LAIV was well tolerated compared with an intranasal placebo ?°. In another double blind
randomized study of 532 nursing home residents over a 3 year period, subjects who received both
TIV and LAIV had significantly lower rates of laboratory documented influenza than those receiving
TIV and placebo ?. In a third large study of older adults with COPD, LAIV and TIV were found to be
equally efficacious and well-tolerated *®. A fourth study of nursing home residents and elderly
adults in St. Petersburg, found that the combination vaccine strategy was well tolerated and
associated with greater efficacy than TIV alone ?*. However, the majority of elderly participants in
all published trials had suboptimal responses to the combination of LAIV and TIV, or LAIV alone,
indicating that there is still room for improvement.

2.1.3 Influenza Vaccine and Immunity

Immunity to influenza infection is induced by antibody responses to viral surface antigens
hemagglutinin (HA) and neuraminidase (NA). The influenza virus is constantly undergoing antigenic
drift in these two proteins. The efficacy of influenza vaccination depends on the degree of
concordance between the virus strains in the vaccine and those being spread in the population at
large. Antibody induced immunity by vaccination in one season is unlikely to be of benefit in the
following season.

Both systemic and local immune responses protect against infection with the influenza virus. Since
the main portal-of-entry for the influenza virus is mucosal tissue, the mucosal immune system is the
key first line of defense against infection. The mucosal immune response is primarily reflected by
the local production of secretory IgA that can be detected in nasal washings. Levels of IgM and IgG
can also be detected in nasal secretions during primary infection. In subjects previously exposed to
influenza, the local and systemic IgA response predominates. Brokstad et al found that even in the
absence of influenza exposure, much higher levels of influenza specific antibody secreting cells are
found in nasal mucosa than in blood ?°. One of the advantages of the LAIV is that the vaccine
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strains replicate in the respiratory epithelium of the nasal mucosa, stimulating nasal IgA and
inducing the local humoral immune response. LAIV induces peak of serum IgA and IgM two weeks
after immunization and a peak IgG response 4-12 weeks after immunization *°. Following LAIV
administration, mucosal antibodies detected in nasal wash specimens appear to have a long half-
life and in previously immunized children may persist up to a year . Nasal wash IgA levels were a
stronger predictor of protection against influenza than serum HAI antibody titers #’. In a study of the
local and systemic immune response in nursing home elderly following either intranasal or
intramuscular inactivated vaccine, the intranasal vaccine was found to be more effective at inducing
a mucosal IgA response % %,

Serum production of anti-influenza 1gG reflects the systemic humoral response to either LAIV or
TIV. This is most commonly measured by the serum hemagglutination inhibition (HAI) test, which
measures the ability of serum antibodies to inhibit influenza hemagglutinin (HA)-induced
agglutination of avian (chicken or turkey) red blood cells **. The systemic immune response to TIV
can be detected within 7 days and most commonly peaks at 10-14 days *'. The systemic acute
immune response is characterized by a rise in serum IgA and IgM levels within the first two weeks,
followed by IgG levels that persist for up to 6 weeks **3, In those previously exposed to influenza
vaccine, serum IgG and IgA are the main indicators of immune response *. To date, there are no
published data on a head-to-head comparison of the efficacy of the two vaccines. TIV produces
higher levels of serum anti-HA IgG and IgA antibodies, while LAIV induces higher levels of nasal
wash IgA 233 Both TIV and LAIV have similar rates of systemic and local immune responses
when compared with placebo vaccine *. The LAIV resulted in lower levels of serum HAI antibody
responses but higher levels of local IgA antibodies in nasal washings®.

While humoral immune responses to influenza virus are responsible for the resistance to infection,
cell mediated immunity is important for the clearance of the virus, reduction of the severity of the
disease, and recovery from infection *”**. In in-vitro studies, the cytotoxic T lymphocyte (CTL)
response to influenza correlates with decreased viral shedding *'. The CTL response is at least
partially dependent on CD8+ T cells that are specific for HA as well as the internal proteins M, NP
or B2 *®. Th1 cytokines are also important for the cell mediated immune response to influenza, in
particular interferon gamma that appears to be [Jisimportant for memory T cell responses to
influenza in mice and humans *>*°. A recent study by Guthrie et al. demonstrated that tonsillar and
peripheral blood mononuclear cells proliferate strongly in response to influenza antigens,
suggesting that naturally acquired immunity exists within both the mucosal and systemic
compartments *'. In addition, influenza vaccination induced significantly stronger T cell responses in
both the palatine tonsils and blood, in addition to increasing titers of anti-influenza antibodies in
serum and saliva **.The measurement of the CTL response to influenza has been used to study
immune responses in different human populations and different vaccine preparations *” % 42,
Another recently used approach to measure cell mediated immune response to influenza is to
measure the proliferation of peripheral blood monocytes and cytokine production in response to
influenza antigens ** %4,
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Immune responses in the elderly. Both B-cell and T cell function, particularly T cell generation
and TCR diversity are down-regulated in the elderly *° *®*’ Influenza-specific inmune responses
are also known to be reduced with aging *’. Peripheral blood monocytes activated with influenza
antigens show an age-related decline in the elderly compared with young adults. In addition, elderly
subjects show a decreased and delayed type 1 T cell response to influenza, resulting in a reduced
IgG1 subtype and total antibody response “°. Immunization in the elderly population primarily
results in induction of memory T and B cell responses and not naive T cell responses. Since a
naive T cell response is required to protect against new epitopes by newly evolved strains of the
virus, this may be the reason for failure of the immune response to vaccination in the elderly.
McElhaney et al, recently studied granzyme B levels in virus stimulated peripheral blood
mononuclear cells and found that older adults with laboratory documented influenza had lower
levels of granzyme B than those who did not develop influenza, while both groups had similar
antibody titers, raising questions about the best way to predict vaccine efficacy in the elderly *.

Immune Response to Combination Influenza Vaccination. Despite the promise of enhanced
mucosal immunity to influenza following LAIV, concerns about vaccine safety and sub-optimal
efficacy in the elderly, people with co-morbid conditions and the immunosuppressed have resulted
in a timely search for ways to boost the immune response in recipients of both the LAIV and TIV.
Older persons are well-known to develop lower post-vaccination antibody titers than younger
individuals ® % 4% %_ Subjects who received both TIV and LAIV have an improved immunologic
response to influenza vaccination s'” ?2%* > |n a study of fifty elderly nursing home residents who
received TIV and either nasal LAIV or placebo, there were significant increases in anti-HI and anti-
H3 IgA antibodies in nasal wash specimens from patients who received LAIV vs. placebo . In two
studies of older chronically ill adults, patients who received both LAIV and TIV had higher and
sustained nasal wash IgA anti-influenza HA levels compared with those who received TIV alone *”
% In another study of nursing home residents who received LAIV, TIV, or a combination, only
individuals who received LAIV (alone or in combination) had a rise in virus-specific nasal IgA. CTL
activity is enhanced with the combination vaccines in the elderly ** 2%, Sasaki et al recently reported
on administration of TIV then either LAIV or TIV in the next influenza season. Subjects who had
previously received TIV had higher prevaccine HAI titers, but lower HAI response to new LAIV or
TIV and a lower effector B cell response to new TIV but not new LAIV or TIV *%,

2.1.4 Immune Response to Influenza Vaccine Adjuvants, Alternative Routes and
Dosing

Given that many elderly and those with chronic illness or immunocompromised may not be able to
safely receive LAIV (with or without TIV), attention has also focused alternative dosing regimens or
intranasal administration of whole trivalent influenza vaccine. Several recent studies found that
reduced dose intradermal or intramuscular injection of inactivated vaccine resulted in a similar
antibody response to intramuscular injection with a full dose of vaccine **°°. One of these studies
found that antibody responses in patients over age 60 were suboptimal compared with antibody
responses in younger subjects. Chi et al found that administration of 60% of the TIV dose either
intradermally or intramuscullary elicited antibody responses similar to intramuscular full dose TIV in
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healthy adults aged 65 years and older. No data on efficacy of these reduced dose regimens has
been published to date. Preliminary data using administration of whole trivalent influenza vaccine
suggest that this approach vs. intramuscular vaccine are equally efficacious in inducing protective
levels of antibodies, but the nasal route resulted in a greater mucosal IgA response in elderly
patients > °,

High dose influenza vaccines have also been evaluated in adults over age 65 years. Intramuscular
administration of 60ug of the 3 antigens in the 2006 TIV resulted in higher levels of both influenza A
strains in the vaccine and similar levels to the influenza B strain compared with the standard 15 pg
dose of each antigen, without increased adverse events °’. Another high dose influenza vaccine
(Agriflu) with three times the standard dose was also recently approved by the FDA.

An alternative approach is to boost the immune response to influenza vaccination by administering
an adjuvant at the time of vaccination. Cooper et al. used oligodeoxynucleotides containing
immunostimulatory motifs as a vaccine adjuvant to TIV *%. In a placebo, controlled trial, the adjuvant
was safe and well tolerated. The adjuvant-vaccine combination did not increase HAI or ELISA titers
in this small study, but there was a trend to increased titers in those with pre-existing immunity to
one influenza strain. The greatest effect of this vaccine adjuvant was observed in the group
receiving a low dose of TIV, raising the possibility that an immune boosting response may allow for
a reduction in vaccine dose. Other adjuvant strategies focusing on the elderly have included an IL-
2 supplemented liposomal influenza vaccine, a diphtheria toxoid conjugate vaccine, and a
conjugate vaccine with heat-labile enterotoxin from E.coli *®*°*.

MF59 is another vaccine adjuvant (submicron oil in water emulsion of 5% squalene, 0.5% Tween
80 and 5% Span 85) that has been safely used in Human Immunodeficiency Virus and Herpes
simplex sub-unit vaccine trials. In a recent meta-analysis, MF59 adjuvanted influenza vaccine
resulted in greater immunogenicity than non adjuvanted vaccine especially in those who had not
been previously immunized ®. Studies of MF59 adjuvanted influenza vaccine in healthy adults also
resulted in higher HAI titers ®%. However, Boyce et al recently evaluated MF59 adjuvanted intranasal
vaccine in an open label safety study finding similar mucosal IgA responses after administration of
both adjuvanted and non-adjuvanted intranasal vaccine ®. Another meta-analysis specifically
looking at immunogenicity and safety of MF59 adjuvanted influenza vaccine in the elderly found
increases in geometric mean titers to all 3 strains of influenza vaccine when compared with
traditional TIV®®, a result that was also confirmed by Sindoni et al °®®. However, elderly patients had
more adverse reactions to the adjuvanted vaccine. A recent study of MF59 adjuvanted H5N3
vaccine showed improved antibody responses and seroconversion when compared with non-
adjuvanted vaccine . Currently, the MF59-adjuvanted influenza vaccine is not licensed for use in
the United States.

2.1.5 Clinical Uses and Safety of Probiotics

Probiotics are living microorganisms that exert health benefits beyond inherent nutrition .
Biotherapeutic agent is an alternative term that is used to describe microorganisms that have
antagonistic properties toward pathogenic bacteria ®°. There are numerous commercially available
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probiotics, both in lyophilized form or fermented food products. Several probiotics and
biotherapeutic agents such as Lactobacillus spp have been studied for the treatment of antibiotic
associated diarrhea, infantile diarrhea, traveler’s diarrhea, urinary tract infections, and vaginal
infection ® 7072,

2.1.6 Pharmacology and Toxicology Information

2.1.6.1 Pharmacology and mechanisms of action

Since effects of Lactobacilli vary by strain, we have focused our synthesis of the literature on LGG,
ATCC 53103. The precise pharmacological effects and mechanisms of action are not known but
effects of LGG and other probiotics are thought due to the following. First, the presence of LGG
leads to colonization resistance, the prevention of adhesion to and colonization of the intestine by
other pathogens, as well as the impedance of translocation of intestinal bacteria across the bowel
wall. Second, LGG causes immune modulation, activating the body’s innate immune response to
fight infection or down-regulating the immune response in hypersensitivity. Third, LGG has direct
antimicrobial effects resulting in production of locally acting substances, which kill or inhibit the
growth of pathogenic organisms.

Colonization resistance: The presence of LGG in the intestinal tract serves to decrease both the
adhesion of pathogenic organisms to the epithelium and colonization by those organisms. In mice
infected with Salmonella typhimurium and given LGG versus placebo, LGG led to decreased
Salmonella levels and prolonged life °. A similar effect has been shown with Clostridium difficile in
hamsters "*. Inhibition of adhesion of other organisms by LGG has been shown in gastrointestinal
epithelium as well as uroepithelium . Studies of Lactobacilli in tissue culture systems show
inhibition of adherence of Escherichia coli, Klebsiella, and Pseudomonas in uroepithelial cells *.
LGG strengthens the barrier mechanisms of the intestinal mucosa either cellularly or by its effect on
the microecology. LGG itself does not invade the epithelium . In suckling rats, LGG strengthens
the intestinal mucosal barrier by decreasing permeability of the intestine to macromolecules, and
increasing intestinal antibody production ”’. A similar decrease in intestinal permeability occurs in
rats pretreated with LGG before rotavirus infection. In our laboratory using a lethal irradiation
mouse model designed to develop bacteremia with intestinal flora, animals treated with LGG had
prolonged survival. Lactobacilli were never isolated from the blood of these bacteremic mice
despite ingestion of large quantities of LGG ®. Similar results have been seen with Salmonella and
Escherichia coli " ", Inhibition of adhesion of other organisms by LGG has been shown in
gastrointestinal epithelium as well as uroepithelium " and in the vaginal epithelium ™ ®. Mattar et
al evaluated MUC-2 mucin gene expression in a Caco-2 cell-culture model incubated with LGG
versus control media . LGG was associated with increased MUC-2 expression possibly by
binding to specific receptor sites on the enterocytes. This may explain previously observed
inhibition of bacterial translocation .

Immune modulation:
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Effect on the Gut Epithelium — LGG was associated with an increase in intestinal villi in germ-free
rats ®, improvement in an induced gut permeability disorder in suckling rats ’’, and prevention of
cytokine-induced apoptosis in mouse and human colon cells ®, suggesting a possible effect of LGG
on inflammatory conditions induced by microbial pathogens.

Effect on the Innate Immune System — Most of the studies of LGG on the innate immune system
have been conducted on monocytes or macrophages in vitro. LGG results in the production of
interferon gamma, IL-12, and IL-18 (the latter two are monocyte specific), weak production of IL-10,
and no production of IL-4 ®. LGG cell wall components activate human monocyte transcription
factors involved in cytokine signaling both directly leading to NF-k B activation and indirectly via
STAT activation ®. A recent study found a striking difference between LGG-stimulated dendritic
cells that resulted in only moderate expression of co-stimulatory molecules, low production of TNF-
o, and CCL20, and no production of IL-2, IL-12, IL-23, and IL-27 compared with a vigorous Thl-
type response to stimulation with pathogenic Streptococcus pyogenes ®', suggesting differential
responses to pathogenic and nonpathogenic gram positive bacteria. Similar differential modulation
of dendritic cells was reported by Braat et al comparing responses to Klebsiella pneumoniae and
Lactobacillus rhamnosus 8. Korhonen et al reported that lipotechoic acid appeared to be the active
component of LGG (in the presence of interferon gamma) that stimulated nitric oxide production in a
macrophage cell line J775 #°.

Effect on the Adaptive Inmune System — The evidence in support of the effect of LGG in B
lymphocytes has mostly come from human trials of enhanced immunogenicity of the oral rotavirus
vaccine in those receiving LGG *° and on increased Salmonella specific IgA levels in those who
received the oral Salmonella vaccine with LGG °'. Thus, LGG appears to enhance IgA response to
antigens concurrently delivered to the Gl mucosa. Both in vivo and in vitro studies indirectly
suggest that LGG attenuates the type 2 immune response. Pochard et al studied the effect of
various lactobacilli including Lactobacillus rhamnosus on the cytokines secreted by peripheral blood
mononuclear cells stimulated with Staphylococcal enterotoxin A or D pteronyssinus %.
Preincubation with lactobacilli inhibited the production of IL-4 and IL-5 (Th2 cytokines), probably by
an inhibitory effect of lactobacilli on IL-1 and interferon gamma, because neutralization of these
cytokines restored IL-4 production.

Direct antimicrobial effects:

Production of Hydrogen Peroxide — The production of hydrogen peroxide may be a non-specific
normal vaginal antimicrobial defense mechanism. Vaginal strains of Lactobacillus (L crispatus and
L paracasei) that produce above a threshold amount of hydrogen peroxide also inhibited growth of
S aureus in vitro %,

Production of acids — LGG produces acetic and lactic acid, lowering the pH which results in
inhibition of growth of a wide range of bacteria, including but not limited to E coli, Streptococcus,
Pseudomonas, Salmonella, Bacteroides, Clostridium, Bifidobacterium, and S aureus " %+

Production of biosurfactants — Lactobacillus fermentum RC-14 inhibits S aureus infections of
surgical implants in rats °*%°. Biosurfactants have also been recovered from L rhamnosus *°*.
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Production of antimicrobial substances — Four classes of bacteriocins are produced by
lactobacilli. They have a relatively narrow spectrum of activity and are toxic to closely related
bacteria, including Lactococcus, Streptococcus, Staphylococcus, Listeria, and Mycobacteria.
Bacteriocins either target the cytoplasmic membrane or essential enzymes of susceptible bacteria.
LGG specifically secretes an inhibitory compound that does not have characteristics of bacteriocins
and is neither lactic nor acetic acid. This compound has a low molecular weight, is heat stable, and
is active against a wide range of bacteria, including S aureus %

Information on absorption, distribution, metabolism and excretion: LGG is not absorbed or
distributed, except in rare case reports reported below regarding safety. Little is known about its
metabolism. When ingested orally, LGG adheres to the intestinal epithelium, colonizes the gut, and
becomes one of the principal bacteria in the fecal flora. Because it is particularly resistant to acid
and bile, LGG survives in the intestinal tract better than other Lactobacilli and can be recovered
from stool, days to weeks after cessation of administration . LGG can be shown to adhere to
intestinal epithelium in cell culture *** as well as by biopsy of colonic mucosa in patients *°°.

2.1.6.2 Toxicology

2.1.6.1.1Integrated Summary of Toxicological Effects of LGG in Animals and in Vitro

There are limited formal toxicology studies of LGG in animals, particularly relating to acute,
subacute, and chronic toxicity, or effects on reproduction and the developing fetus. In one study,
male adult Swiss mice were fed LGG in graduated doses of 1, 2, 4, or 6 g of test
bacteria/bodyweight, and compared to control animals fed distilled water. There were no treatment-
related deaths and no evidence of treatment-related toxicity, although the mice fed bacteria showed
anorexia and listlessness in the initial 24 hours post-dosing '°®. The authors concluded that the
amount of LGG ingested by the mice would be equivalent to more than 420 grams of bacteria for a
70-kg human . However, there are numerous studies evaluating the safety of LGG in vitro and in
animal models. These studies address risk of translocation; risk of transfer of antimicrobial
resistance; and risk of gastrointestinal and immunologic toxicity.

Risk of Translocation of LGG: Translocation by intestinal bacteria is facilitated by numerous
factors including intestinal mucosal injury, immunodeficiency, gut prematurity, and abnormal
bacterial flora (e.g. overgrowth) *°® % as well as adherence of the bacteria to the mucosal surface
10 Ouwehand et al *** studied adhesion of Lactobacillus spp to human intestinal mucosa of
patients with diverticulitis, rectal carcinoma, and irritable bowel disease (IBD) versus healthy normal
human colonic tissue. Adherence to immobilized colonic mucosa and mucus was measured using
radio-labeled bacteria. All strains were more adherent to mucus than whole tissue. Lactobacillus
rhamnosus GG adhered significantly less to control and diverticulosis tissue than rectal carcinoma
or IBD tissue, but had significantly greater adherence to intestinal mucus from all the tissue types
than other types of Lactobacillus that were tested. However, it is not clear whether the in vitro
finding of greater adherence to mucus predicts ability of the bacteria to translocate. More recently,
Vesterlund et al compared 52 invasive clinical Lactobacillus spp isolates, with similar bacteria (all
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Lactobacilli) isolated from 15 probiotics and 44 fecal samples **2. In this study, the authors

speculate that translocation in the clinical isolates versus probiotic strains could have been
facilitated by their increased ability to adhere to mucus.

Risk of Immunologic Toxicity: Theoretical concerns have also been raised about mucus
degradation and platelet aggregating activity. However, probiotics do not degrade intestinal mucus
based on both in vitro and in studies of gnotobiotic rats **°. Since there are several case reports of
bacterial endocarditis in patients receiving probiotics, concerns have been raised about whether
probiotics have platelet aggregating activity . Harty et al > *'® recently examined the
aggregation properties of 10 Lactobacillus strains from patients with infective endocarditis (IE): 5 L
rhamnosus and 5 L paracasei. These strains were then compared to oral strains. Aggregation of
platelets occurred with all L rhamnosus IE strains and eleven of fourteen strains from other
Lactobacillus species. Inhibition of aggregation with the peptide arginine-glycine-aspartic acid-
serine (RGDS) was consistent with involvement of fibronectin and/or fibrinogen.

Risk of Transfer of Antimicrobial Resistance: Ideally, probiotic strains would not harbor
antimicrobial resistance genes on transmissible elements that are capable of transfer to pathogenic
or opportunistic pathogenic bacteria " *'® but many existing probiotic strains already do ***'%,
Antibiotic resistance can be located on mobile genetic elements such as plasmids or transposons
(where transfer between bacteria is easy), or on the bacterial chromosome (where transfer is
difficult, at least for lactobacilli **°. Plasmids are common in most of the probiotic bacteria, but not
all antimicrobial resistance is harbored on plasmids. Ammor et al recently found resistance genes
in several lactic acid bacteria and Bifidobacterium — specifically, resistance to tetracycline [tet(M),
tet(W), tet(O) and tet(O/W)], erythromycin and clindamycin [erm(B)], and streptomycin [aph(E) and
sat(3)] . Most of the resistance determinants were located on the bacterial chromosome — except
for tet(M), which was identified on plasmids in Lactococcus lactis. Given the increasing clinical
importance of invasive infections with vancomycin-resistant enterococci and threat of emergence of
vancomycin-resistant Staphylococcus aureus, attention has been focused on the potential for
transfer of vancomycin resistance to and from probiotic bacteria. Many strains of lactobacilli are
naturally resistant to vancomycin. In the Lactobacillus strains studied to date, the vancomycin
resistance genes appear to be chromosomally located and are not easily transferable to other
genera ?*'%° Mater et al demonstrated transfer of vancomycin resistance (VanA cluster) from
Enterococcus to a commercial strain of Lactobacillus acidophilus, both in vitro and in the gut of mice
126,127 since the mice were colonized with human microbiota and this transfer occurred in the
absence of selective pressure from antibiotics, further investigation of the potential is urgently
needed. However, since many lactobacilli are already intrinsically resistant to vancomycin, there
would be no selective advantage to harboring additional vancomycin-resistant plasmids.

Risk of Gastrointestinal Toxicity: Theoretical concerns have been raised about whether
probiotics produce gastrointestinal toxicity as a result of their enzymatic activity *?®. Attention has
particularly focused on bile salt deconjugase activity that could result in malabsorption and
increased risk for colon cancer by acting on mucus-producing cells and stimulating proliferation *?°.
However, there is no evidence in support of this concern.
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Summary: The risks of translocation and invasive disease caused by LGG (ATCC 53103) appear
to be low, although there are theoretical risks that LGG may degrade intestinal mucus and could
cause platelet aggregation that might favor invasion. Risks of transfer or antimicrobial resistance
(particularly vancomycin resistance) from LGG to other organisms appear to be low, based on the
location of vancomycin resistance on the bacterial chromosome. There is no evidence of
gastrointestinal toxicity to date.

2.1.7 Previous Human Experience with Lactobacillus GG

2.1.7.1 Controlled Trials

One recently published systemic review on use of probiotics for treating infectious diarrhea
(Cochrane Collaboration **°) noted the variable quality and variety of probiotics used in the
published literature. Specifically, in the Cochrane review of 64 potentially relevant studies, only 23
were included in their analysis based on methodologic quality. There are similar concerns for trials
in normal volunteers as well as adults and children with a wide range of conditions who have been
treated with LGG. Since this section focuses on previous human experience, we have included all
published trials, regardless of methodologic quality. We have included all studies in which the
probiotic was specified with “GG” as either LGG, Lactobacillus GG, Lactobacillus rhamnosus GG, or
identified as ATCC 53103.

Normal Volunteer Studies: Almost 4,000 healthy adults and children have participated in 34
clinical trials involving the administration of LGG. Tables 1-3 provide the details of these studies.

Table 1 shows the 19 clinical trials involving 1,267 healthy adults who consumed LGG. In 3 of the
trials, the authors explicitly stated that the healthy adults did not experience adverse events. In 2 of
the trials, the authors reported 5 subjects who had non-serious adverse events. No adverse events
were reported in 13 trials. In our pilot study (Davidson et al, 2010 submitted) that is very similar to
the proposed trial, the 42 healthy adults were asked open ended questions about adverse events
and then asked about specific adverse events seen in probiotic trials as well as associated with
administration of LAIV. One or more adverse events was reported at the 2, 4 or 8 week visit in
14/21 (67% of LGG subjects) and 17/21 (81% of placebo subjects). One subject in the placebo
group was hospitalized for a sinus infection on study day 58. This event was considered serious
but unrelated to the study protocol. Other non-serious adverse events occurring at any time after
LAIV administration included: possibly LAIV related - rhinorrhea (9 in the LGG group, 9 in the
placebo group), headache (6 in the LGG group, 6 in the placebo group), cough (2 in the LGG
group, 6 in the placebo group), muscle aches (0 in the LGG group, 6 in the placebo group), sore
throat (1 in the LGG group, 4 in the placebo group), weakness (0 in the LGG group, 3 in the
placebo group), chills (0 in the LGG group, 2 in the placebo group); possibly probiotic related — gas
(4 in the LGG group, 4 in the placebo group), nausea (6 in the LGG group, 2 in the placebo group),
rumbling (2 in the LGG group, 3 in the placebo group), decreased appetite (0 in the LGG group, 5 in
the placebo group), bloating (1 in the LGG group, 2 in the placebo group), diarrhea (1 in the LGG
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group, 2 in the placebo group), abdominal pain (1 in the LGG group, 1 in the placebo group) and
other symptoms (2 in the LGG group, 5 in the placebo group).

These studies show that LGG may colonize the Gl tract for a short duration (determined by
detecting LGG in the stool) after the subjects had stopped consuming LGG. Goldin ' found LGG
in the stool in 87% of the subjects 3 days after stopping LGG and 33% of the subjects 7 days after
stopping LGG, but this study was published in 1992 when molecular methods for the precise
identification of LGG versus other Lactobacilli were not available. Saxelin’s study *** had similar
results through day 7 after stopping LGG. Alander **? found LGG (confirmed by PCR) in biopsy
samples from the colonic mucosa in 2 out of 7 subjects 28 days after discontinuing LGG. The fecal
samples were negative at that time. These results were obtained despite clean out procedures
used in preparation for colonoscopy and indicate that colonization can persist for at least one month

after LGG has been stopped. Immunomodulatory effects of LGG in hormal subjects are not clear
133

TABLE 1: Studies of Lactobacillus GG ATCC 53103 in Healthy Adults

Author Healthy | Study Probiotic Probiotic Probiotic | Probiotic | Control Probiotic | Controls | Adverse
Subject | Reason Organism Manufactu | Dose Duration # # Events
Age rer subjects [ subjects
Siitonen, 18-24y | Assess Lactobacillus | NS Dosenot | 7days Pasteurize | 8 8 None
1990 134 gastrointesti | GG clear - d regular reported
nal side LGG yogurt with
effects while fermented no live
taking yogurt, bacteria
erythromycin 125
ml/day
Oksanen, | 10-80y | Travelers,to | Lactobacillus | Valio, 2x108 NS Ethyl 402 418 Stated
1990 135 prevent GG Helsinki, cfulday cellulose none
diarrhea Finland powder occurred
Goldin, 21-55y Determine LGG frozen Yogurt-D | 4x108/day | 4 weeks N/A 76 (3 N/A None
1992 103 colonization | concentrate, Brown, frozen; concentra groups: reported
yogurt or Cornell, 3.6x101/d | te; 7 days 15-
whey drink Frozen ay yogurt; | yogurt; 35 frozen, 15
concentrat | 1.6x10%%d | days - yogurt,
e or whey ay whey whey 46 -
NS whey)
Determine Dose not 10 days N/A 37 N/A None
colonization clear reported
while taking
ampicillin
Ling, 1994 | 20-41y Study Lactobacillus | NS 3x1010 4 weeks Pasteurize | 42 (2 22 None
136 mechanisms | GG cfu/day d yogurt groups: reported
and fiber 21-
product yogurt; 21
- yogurt +
fiber)
Saxelin, 20-55y Determine Lactobacillus | NS 2 doses: 7 days N/A 20 (2 N/A None
1995 131 colonization | GG ATCC low dose - groups: reported
53103 1.6x108 10 - low
cfu/day, dose, 10 -
high dose high
- 1.2x10%0 dose)
cfu/day
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Author Healthy | Study Probiotic Probiotic Probiotic | Probiotic | Control Probiotic | Controls | Adverse
Subject | Reason Organism Manufactu | Dose Duration # # Events
Age rer subjects [ subjects
Benno, 29-53y Determine Lactobacillus | Takanashi | 2 1.4x1010 N/A 13(2 N/A None
1996 137 colonization | GG Milk dosages: cfulday x groups: 8 reported
Products o, | 1.4x10%° 4 weeks; - 1.4x108
Ltd, cfulday; 2.8x1010 cfu/day,
Yokohama, | 2.8x10%0 cfulday x 5-
Japan cfulday 1 day 2.8x108
cfu/day)
Hilton, >18y Travelers, to | Lactobacillus | NS 2x109 2 days Ethyl 200 200 2dueto
1997 138 prevent GG cfulday prior to cellulose LGG -
diarrhea departure | powder abdomin
and al
througho crampin
ut trip g
Pelto, 20-50y Study LGG ATCC Valio, 2.6x108 1 week Milk 17 (cross- | 17 None
1998 139 mechanisms | 53103 Helsinki, cfu/day over) (cross- reported
Finland over)
Alander, 27-78y Determine Lactobacillus | Valio, 6x1010 12 days N/A 21(3 N/A None
1999 132 colonization | rhamnosus Helsinki, cfu/day groups: 6 reported
(during GG ATCC Finland -
routine 53103 colonosco
colonoscopy py as
) LGG
stopped,
8-
colonosco
py 1 week
after
LGG, 7 -
colonosco
py 2
weeks
after
LGG)
Fang, 20-50y | Study Lactobacillus | Valio, 4.0x1010 7 days Ethyl 10 9 None
2000 % immune GG ATCC Helsinki, cfu/day cellulose reported
response to | 53103 Finland
Salmonella
typhi Ty21a
oral vaccine
Gotteland, | 18-38y | Assess Combination - | Soprole, LGG 5 days Heat-killed | 18 18 None
2001 140 gastrointesti | Lactobacillus | Santiago, 2.4x10° lactic acid reported
nal effects GG+L Chile cfulday + bacteria
after taking 2 | helveticus + L L.
doses of acidophilus helveticus
indomethaci and L.
n acidophilu
S 2.4x10°
cfulday
each
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Author Healthy | Study Probiotic Probiotic Probiotic | Probiotic | Control Probiotic | Controls | Adverse
Subject | Reason Organism Manufactu | Dose Duration # # Events
Age rer subjects [ subjects
Ahola, 18-35y Study Combination - | Valio, LGG 3 weeks Edam 41 42 None
2002 141 mechanisms | Lactobacillus | Helsinki, 1.4x10° cheese reported
rhamnosus Finland cfulday + with 16%
GG ATCC L fat but
53103 + rhamnosu without
Lactobacillus sLC 705 bacteria
rhamnosus 9x108
LC 705 cfulday
Gluck, 4148y, | Assess Combination - | Emmi LGG 3 weeks Standard 108 101 None
2003 142 3949y effects on Lactobacillus | Schweiz 4.6x101 yogurt reported
nasal GG ATCC AG, cfulday +
colonization | 53103 + Lucerne, ST
of bacteria Bifidobacteriu | Switzerland | 1.8x1012
m sp B420 + cfu/day +
L acidophilus LA 2x101
145+8S. cfulday +
thermophilus Bb
5.5x10%
cfulday
Schultz, 21-43y Study Lactobacillus | ConAgra 2x10° 35 days N/A 10 N/A 3dueto
2003 133 mechanisms | rhamnosus Functional | cfu/day LGG -
GG foods, mild
Omaha, abdomin
Nebraska al
bloating
and
meteoris
m
Cohen, 25-45y | Assess Lactobacillus | ConAgra 4x1012 4 weeks Soy protein | 32 (cross- | 32 Stated
2007 143 effects GG Functional | cfu/day per group | mixture over, 2 (cross- none
during foods, groups: over occurred
administratio Omaha, soy group)
n of Nebraska protein +
isoflavone LGG,
LGG
alone)
Kekkonen, | Mean Study Lactobacillus Valio, 4x1010 3months | 2 options: 71 70 Stated
2007 144 age 39- | mechanisms | rhamnosus Helsinki, cfu/day by milk-based none
Moreira, 40y GG ATCC Finland bottle or fruit drink occurred
2007 145 53103 1x10%0 or capsules
cfulday by
capsule
Kekkonen, | 23-58y Study LGG ATCC NS 1.6x1010 3 weeks 3 groups: 13 49 (3 None
2008 146, mechanisms | 53103 cfu/day Bifidobacte groups: reported
147 rium 16 -
(Bb12), Bb12, 17
Propioniba -PFS, 16
cterium -
freundenrei placebo)
chii ssp
shermanii
JS (PFS),
placebo

26




Open Label Study of LGG in the Elderly

Version 1.1, Serial Number 003

Date: June 6, 2011

Author Healthy | Study Probiotic Probiotic Probiotic | Probiotic | Control Probiotic | Controls | Adverse
Subject | Reason Organism Manufactu | Dose Duration # # Events
Age rer subjects [ subjects
Gluck, 4148y, | Assess Combination - | Emmi LGG 3 weeks standard 108 101 None
2003 142 3949y effects on Lactobacillus | Schweiz 4.6x101 yogurt reported
nasal GG ATCC AG, cfulday +
colonization | 53103, Lucerne, ST
of bacteria Bifidobacteriu | Switzerland | 1.8x10%?
m sp B420, L cfulday +
acidophilus LA 2x101
145, S. cfulday +
thermophilus Bb
5.5x101
cfu/day
Davidson, | 18-49y | AssessLGG | Lactobacillus | Chr 2 x 100 4 weeks Microcrysta | 21 21 14in
2010 as immune GG ATCC Hansen, cfu 2x/day lline LGG
(submitted adjuvant to 53103 Denmark cellulose in group,
) LAIV gelatin 17in
capsules placebo
— details
in text
above
Legend NS - not specified d — days, y — year, mo- months CFU - colony forming units

Table 2 shows the 9 clinical trials involving 664 healthy children who consumed LGG. In 3 of the
trials, the authors explicitly stated that the healthy children did not experience adverse events. In 3
of the trials, the authors reported non-serious adverse events, but with no difference between the
LGG and placebo groups. One of these studies involved concurrent administration of rotavirus
vaccine, which may have resulted in the presence of fever °°. No adverse events were reported in
the remaining 3 trials.

Sepp **® demonstrated that LGG could be recovered from stool in neonates given LGG for the first
2 weeks of life, but this study published in 1993 did not use molecular methods to identify the
precise Lactobacillus spp. In 1995 Sheen **° reported recovering 8/11 LGG from any stool and 6/11
LGG from multiple stools during a 10-day administration of LGG to infants aged 6-24 months, again

using non molecular methods. Agarwa

| 150

reported presence of LGG on the last day of LGG

administration (this is not necessarily colonization) in 5/24 (21%) of lower birth weight infants and
11/23 (47%) of higher birth weight infants. Non-molecular methods were used to detect LGG.

Petschow

151

reported detection of LGG in feces (using non molecular methods) during LGG

administration in infants aged 0-3 months receiving low dose LGG - 8/12 (67%); medium dose LGG

- 11/13 (85%); and high dose - 10/12 (83%). The details of the daily dose are shown in Table 2.

Twenty-eight days after discontinuing LGG, colonization was reported as 7/12 (58%); medium dose
LGG - 5/13 (45%); and high dose — 2/11 (18%). Taken together, these results suggest that

colonization with LGG, after LGG administration has stopped, can occur, but precise duration of

colonization confirmed by molecular methods is not clear.

TABLE 2: Studies of Lactobacillus GG ATCC 53103 in Healthy Children

Author Healthy | Study Probiotic Probiotic | Probiotic Probiotic | Control | Probiotic | Controls | Adverse
Child Reason Organism Manufact | Dose Duration # # Events
Age urer subjects | subjects
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Author Healthy | Study Probiotic Probiotic | Probiotic Probiotic | Control | Probiotic | Controls | Adverse
Child Reason Organism Manufact | Dose Duration # # Events
Age urer subjects | subjects
Sepp, <l mo Determine | Lactobacillus NS Dose not First 2 None 15 10 None
1993 148 colonizati | GG clear, 1010- weeks of reported
on 10 cfulg life
Isolauri, | 60-150d | Study LGG ATCC Valio, 1x101 cfu/day | 5 days Microcry | 30 30 Temperatu
1995 %0 immune 53103 Helsinki, stalline re>38in
response Finland cellulose 17%
to (LGG) vs
rotavirus 14%
vaccine (control),
Vomiting -
2inLGG
group
Sheen, 6-24 mo | Determine | LGG NS 5x108 cfu/day | 10 days Heat- 11 13 None
1995 149 colonizati killed reported
on LGG
Hatakka, | 1.3-6.8y | Daycare Lactobacillus Valio, >1-2x108 7 months Milk 282 289 Stated
2001 152 attendees | rhamnosus Helsinki, cfu/day without none
to prevent | GG Finland probiotic occurred
infections
Agarwal, | <1mo Determine | Lactobacillus Valio, Ltd. | 2x10° cfu/day | 2 groups: Nonsupp | 47 (2 24 (2 Stated
2003 150 colonizati | rhamnosus USA <1500g: lemente | groups: groups: none
on GG LGG dbreast | 24-<15 | 15-<1.5 | occurred
initiated on | milk feed | kg, 23 - kg, 9 -
day 2-3 of 1.5-1.99 1.5-1.99
life x 21 kg) kg)
days;
1500-
1999g,
LGG
initiated on
day 1-3 of
life x 8
days
Petscho | 0-3mo Determine | Lactobacillus NS 3 dosages: 14 days Nutrami | 44 (3 15 Thrush,
w, 2005 colonizati | GG 108 cfu/day, gen groups: nasal
151 on 109 cfu/day, powder | 15-low congestion
1010 cfu/day dose, 14 - , diaper
medium rash, and
dose, 15 - upper
high respiratory
dose) infection
similar in
all groups
Rautava, | 2-65d Study Combination - | Valio, 1x1010 Toagel Microcry | 38 43 3dueto
2006 153 general Lactobacillus Helsinki, cfu/day, both | year stalline Gl
health in GG ATCC Finland probiotics cellulose complaints
bottle- 53103 + (LGG),
fed Bifidobacteriu | Chr
children m brevis 12 Hansen,
Denmark
(Bb12)
Vendt, <2mo Assess Lactobacillus | ValioLtd, | Dose notclear | To6 Tutteli 60 60 Stated
2006 154 children’s | rhamnosus Helsinki, - 107 cfulg months of | Infant none
growth GG ATCC Finland age Formula occurred
53103
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Author Healthy | Study Probiotic Probiotic | Probiotic Probiotic | Control | Probiotic | Controls | Adverse
Child Reason Organism Manufact | Dose Duration # # Events
Age urer subjects | subjects
Smerud, | 12-36 Daycare Combination— | TINEBA, | LGG 1.5x101° | 7 months Heated 117 123 None
2008155 | mo attendees | LGG + Norway cfulday + winter fermente reported
to prevent | Bifidobacteriu Bb12 1.5x10%0 d milk
infections | mb12 +L cfu/day + LA- drink
acidophilus 51.5x10°
LA-5 cfulday
Legend NS - not specified d — days, y — year, mo-months CFU - colony forming units

Table 3 shows the 7 clinical trials involving 1,111 healthy pregnant women who consumed LGG and the
991 healthy children who continued to consume LGG from birth. In 4 of the trials, the authors explicitly
state that the healthy children did not experience adverse events. In 1 of the trials, the authors report no
difference between the LGG and placebo groups, including rates of hospitalization (serious adverse
event). The authors of this study state that hospitalizations through the first 24 months of life (18 months
after study therapy was discontinued) were not related to LGG in combination with other probiotics or
placebo **°. No adverse events were reported in the remaining 2 trials.

Schultz **’ treated pregnant women with LGG (not their infants) and noted that at 1 and 6 months,
all 4 vaginally-delivered children and half of the children delivered by c-section were colonized with
LGG. Two children had LGG detected 24 months after delivery. LGG was confirmed by PCR. The
mothers discontinued LGG at delivery. These data suggest that long-term colonization can occur.
Children in the Kalliomaki study who were exposed to LGG during gestation and for 6 months after

birth have now been followed for 7 years without adverse events **®,

TABLE 3: Studies of Lactobacillus GG ATCC 53103 in Healthy Pregnant Women and

Newborns

Author Healthy Study Probiotic | Probiotic | Probiotic | Probiotic Control | Probiotic | Controls | Adverse

Pregnant | Reason | Organism | Manufact | Dose Duration # # Events

Women urer subjects | subjects

and

Newborn

Age
Kalliomaki, Pregnant | Prevent | LGG Valio, 2x10%0 2-4 weeks Microcr | 77 82 Stated none
2001 159; women atopic Helsinki, | cfu/day before ystalline occurred —
Rautava, age NS, eczema Finland delivery, 6 cellulos Please note
2002 160, infants 0- | in months e study reports
Kalliomaki 6 mo infants afterwards, now extend
2003 161, breastfeeding through 7
Laitinen mothers took years of infant
2005 162; capsules, non follow-up 158
Kalliomaki breastfed
2007158 infants took

LGG

Schultz, Pregnant | Determi | Lactobacill | ConAgra | 2x10° Self None 6 3 Stated none
2004 157 women ne us Functiona | cfu/day administered occurred

age NS coloniza | rhamnosu | | foods, in late

tionin s GG Omaha, pregnancy
infants ATCC Nebraska
53103
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Author Healthy Study Probiotic | Probiotic | Probiotic | Probiotic Control | Probiotic | Controls | Adverse
Pregnant | Reason | Organism | Manufact | Dose Duration # # Events
Women urer subjects | subjects
and
Newborn
Age
Gueimonde, | Pregnant | Determi | Lactobacill | NS Dose NS 2-4 weeks NS 29 24 None reported
2006 163 women ne us GG before
age NS, coloniza delivery, 3
infants tion in weeks
(via infants afterwards via
breast breast milk
milk 0-3
weeks)
Rinne, 2006 | Pregnant | Determi | Lactobacill | Not 1x1010 2-4 weeks Microcr | 64 68 Stated none
164 women ne us described | cfu/day before ystalline occurred
age NS, coloniza | rhamnosu deliveryand 6 | cellulos
infants 0- | tionin sGG months after e
6 mo infants ATCC birth (mothers
53103 could
consume
themselves or
give to
infants)
Kaplas, Pregnant | Healthy | Combinati | Valio, 10° 2nd trimester | 2 10 20 (2 None reported
2007 165 women pregnan | on - Helsinki, | cfu/day, to birth groups groups:
25-36y twomen | Lactobacill | Finland both microcr 12 - diet,
to us GG (LGG), probiotics ystalline 8-
evaluat | ATCC Chr cellulos placebo)
e 53103 + Hansen, e,
placent | Bifidobact | Denmark dietary
a erium (Bb12) counsel
phosph | brevis 12 ing
olipid
fatty
acids
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Author Healthy Study Probiotic | Probiotic | Probiotic | Probiotic Control | Probiotic | Controls | Adverse
Pregnant | Reason | Organism | Manufact | Dose Duration # # Events
Women urer subjects | subjects
and
Newborn
Age
Kukkonen, Pregnant | Healthy | Combinati | Valio, Mothers: Mothers: 2-4 Microcr | 610 613 35
2007 165, women pregnan | on- Helsinki, LGG weeks before | ystalline | mothers, mothers, | (Combination)
Kukkonen age NS, twomen | Lactobacill | Finland 1x1010 delivery; cellulos | 506 512 37 (control)
2008 156 infants 0- | and us cfulday + L | infants: 6 e for infants infants abdominal
6 mo their rhamnosu rhamnosus | months after mothers discomfort;
newbor | sGG LC705 hirth and vomiting 7
ns to ATCC 1x1010 infants; (combination)
prevent | 53103 + cfulday + for and 12
allergic | Lactobacill Bifidobacte infants, (control); 13
disease | us rium breve sugar (combination),
S rhamnosu Bb99 syrup 9 control)
s LC705 + 4x108 excessive
Bifidobact cfulday + crying; -
erium Propioniba Please note
Bh99 + cterium this study now
Propionib freudenrei extends thru 2
acterium chii ssp. years —
freundenr shermanii hospitalization
eichii spp JS 4x10° s in 2 groups
shermanii cfulday; similar and
JS Infants: unrelated to
half adult intervention
dose
Kopp 2008 | Pregnant | Healthy | Lactobacill | Infectoph | 1x1010 4-6 weeks Microcr | 54 51 Stated none
167,168 women pregnan | us GG arm, cfu/day before ystalline occurred
age 95% | twomen | ATCC Heppenh delivery; cellulos
percentile | and 53103 eim, breastfeeding | e
s 26.5- their Germany mothers for 3
403y, newbor months then
infants 0- | nsto children for 3
6 months | prevent months; not
atopic breastfeeding
eczema - children for 6
months
Legend NS - not specified d — days, y-year, mo-months CFU - colony forming units

2.1.7.2 Other Published Material Relevant to Safety
Table 4 lists the reported cases of invasive disease due to consumption of LGG.

Table 4: Published Case Reports of Invasive Infection due to LGG or ATCC Strain 53103
Patient Risk Factors Probiotic Use Invasive Infection
Refere | Age | Gen | Underlying | Immunoco | ICU | Central | Consumed Indication Positive Molecular | Treatment
nce der Condition | mpromise Line Cultures | Methods and
Outcome
Rauto | 74y | F Diabetes Diabetes NS | NS L. rhamnosus | Self Liver PCR and Pen G, Pip-
etal., mellitus GGO5L administered | abscess PFGE Tazo, Cipro,
1999 diary for Clina-
169 products/day | abdominal Patient
(brand NS) discomfort survived
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Patient Risk Factors Probiotic Use Invasive Infection
Refere | Age | Gen | Underlying | Immunoco | ICU | Central | Consumed Indication Positive Molecular | Treatment
nce der Condition | mpromise Line Cultures | Methods and
Outcome
MacKa | 67y | M Mitral valve | NS NS | NS Lactobacillus | Self Blood API 50 Amp, Gent —
yetal., regurgitatio rhamnosus, administered CH, Patient
1999 n dental 3x10° pyrolysis survived
170 extraction cfu/day, L mass
(amoxicillin acidophilus spectrome
prophylaxis (dose NS), S try
) faecalis
(dose NS)
(brand NS)
Kunzet | 3 M Short gut Bornat36 | NS | NS LGG Not clear, Blood No Amp -
al., mo syndrome weeks (Culturelle) 1 | possibly to confirmato | Outcome not
2004 capsule/day | treat ry testing stated
e (dose NS) cholestasis
ConAgra,
Omaha,
Nebraska
<1 M Short gut Bonat34 | NS | NS LGG 1 Prevent Blood PFGE Ceftr, amp -
mo syndrome, | weeks capsule/day | small bowel outcome not
gastrochisi (dose and bacterial stated
S brand NS) overgrowth
Landet | 4 M Cardiac NS NS |Y LGG Treat Blood, PCR Catheter
al., mo surgery, (Culturelle) diarrhea catheter removed,
2005 multiple 10x10° infected Pen G, Gent
172 post- cfu/day - Patient
operative (ConAgra survived
complicatio Foods)
ns
6y F Cerebral NS NS |Y LGG Treat Blood, PCR Amp -
palsy, (Culturelle) diarrhea catheter Patient
jejunostom 10x10° infected survived
y feeding, cfulday
microcepha (ConAgra
ly, seizure Foods)
disorder
De 11 M Necrotizing | Previously [ NS [|Y L. rhamnosus | Treat Blood PFGE Catheter
Groote | mo Enterocoliti | Premature GG, 1/8 rotavirus obtained removed,
etal., s, Short gut | (26 weeks) capsule diarrhea via vanco,
2005 syndrome, 2x/day (dose catheter ceftaz
173 parenteral NS, brand
nutrition NS)
Legend
NS — not stated y — year, mo-months Y-yes

PCR - polymerase chain reaction
Amp — Ampicillin

Vanco — Vancomycin

Pip-Tazo - Pipericillin-Tazobactam

PFGE - pulsed field gel electrophoresis

Gent — Gentamicin

Pen G - Penicillin G
Cipro - Ciprofloxacin

CFU - colony forming units
Ceftr - Ceftriaxone

Ceftaz - Ceftazidine
Clinda - Clindamycin

Acceptable molecular methods used to determine whether the invasive isolate matched the
consumed probiotic include polymerase chain reaction (PCR) and pulsed field gel electrophoresis
(PFGE). Use of the API 50 CHI identification system is not adequate *’*. Although, the second
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case report used only API 50 CHI for comparison of the invasive and probiotic isolate, we have
included it in the Table for completeness of reported cases.

Epidemiologic Studies — LGG is used in more than 30 countries and an estimated 3 million
kilograms of LGG-containing products were safely consumed by a minimum of 40,000 persons in
Finland alone in 1992 '"°. Salminen et al recently evaluated the possible effects of increased use of
LGG in Finland since 1990 by studying Lactobacillus bacteremia at the Helsinki University.
Lactobacilli were isolated in 0.02% of all blood cultures with positive results in Helsinki University
Central Hospital and in Finland as a whole. No trends were seen that suggested an increase in
Lactobacillus bacteremia. The average incidence was 0.3 cases/100,000 inhabitants/year in 1995-
2000 in Finland. Identification to the species level was done for 66 cases of Lactobacillus
bacteremia, and 48 isolates were confirmed to be Lactobacillus strains. Twenty-six of these strains
were L rhamnosus, and 11 isolates were identical to L rhamnosus GG. The results indicate that
increased probiotic use of L rhamnosus GG has not led to an increase in Lactobacillus bacteremia
5 The same authors recently reviewed the 89 cases with Lactobacillus bacteremia reported
between 1990 and 2000, to study the risk factors and outcomes in these patients *"®. Of the 89
cases, the blood isolate was not confirmed to be Lactobacillus in 42, was a non-rhamnosus
Lactobacillus in 22, was L rhamnosus but not GG in 14, and was L rhamnosus GG in 11. Patient
charts were reviewed for predictors of mortality. LGG use by these patients was not studied.
Mortality after L rhamnosus bacteremia (LGG and non LGG combined) was associated with severe
or fatal co-morbidities). In a recent Finnish study, three of these “LGG-like” blood isolates were
examined closely for phenotypic characteristics, and while they may not be distinguishable from
LGG by pulsed-field gel electrophoresis, they were found to differ from LGG in other characteristics

such as adhesion properties, resistance to serum-mediated killing, and induction of respirator burst
177

Synthesis — The methodologic quality of some of the literature on LGG limits some of the
conclusions that can be made about safety. Overall, almost 4,000 healthy adults, children, and
pregnant women have received LGG. Since use of LGG in patients in intensive care units,
particularly those with central venous catheters, or in patients who are on immunosuppressive
therapy, have short gut syndrome, or are at risk for endocarditis has rarely associated with invasive
disease due to the probiotic strain (7 case reports), these risk factors are exclusion criteria in our
proposed study population.

2.1.8 Effect of Probiotics on the Immune System

2.1.8.1 Effects of Probiotics on Systemic and Mucosal Humoral Immune System

Probiotics are widely available in Europe and the United States and although they are advertised as
promoting immunity or boosting the immune system, few human studies have evaluated their
immunomodulatory properties. In vitro and animal data suggest that probiotics increase levels of
intestinal IgA and upregulate cytokine production. Human studies provide a strong rationale for the
study of probiotics as a vaccine immune adjuvant. In a study of healthy Japanese infants,
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administration of bifidobacteria containing formula resulted in an elevation of total IgA and anti-
poliovirus IgA levels in the feces 8. Similarly, 30 healthy subjects were randomized to LGG,
Lactococcus lactis or placebo for 7 days, prior to receiving oral Salmonella typhi vaccine (10 per
group). Although there was insufficient power to detect differences between groups, there was a
trend towards higher specific IgA anti-Salmonella antibodies in the LGG treated group °*. Other
investigators randomized healthy subjects to receive either fermented milk with L acidophilus and
bifidobacteria vs. control for 3 weeks during which oral Salmonella typhi vaccine was administered.
The experimental group had significantly higher total serum IgA and specific serum IgA to S typhi
9 Finally, responses to administration of DxRRV rhesus-human reassortant live oral rotavirus
vaccine were compared in infants randomized to LGG vs placebo. Infants receiving LGG had higher
rates of IgA seroconversion and rises in rotavirus specific IgM secreting cells vs. infants receiving
placebo .

Further support for the use of probiotics in combination with mucosally administered vaccine comes
from natural studies of rotavirus infection. Several studies have evaluated the effect of LGG on
rotavirus infection. In one study, 44 previously healthy children with acute rotavirus infection were
randomized to receive either LGG or pasteurized yogurt without LGG '®. The LGG treated group
had a decrease in duration of symptoms and an increased nonspecific response in IgG, IgM, and
IgA compared with placebo treated children. In the convalescent phase, there was a significant
increase in the IgA antigen specific antibody secreting cells to rotavirus in the LGG group compared
to the placebo treated group. In a separate study, LGG vs. Lactobacillus casei subsp. rhamnosus
(Lactophilus) or a combination of Streptococcus thermophilus and Lactobacillus delbruckii subsp.
bulgaricus (Yalacta) was administered twice daily for 5 days to children with rotavirus infection.
Those receiving LGG had higher serum IgA and specific antibody secreting cells to rotavirus during
the convalescent phase of rotavirus infection *®. Kaila et al had a similar result when children with
acute rotavirus infection were treated with viable versus inactivated LGG — those who received
viable LGG had a significant increase in serum rotavirus specific IgA and rotavirus specific IgA
secreting cells %,

The majority of research in probiotics has previously focused on pathogens that enter the human
host via the enteral route. However, the effects of secretory IgA are not limited to the
gastrointestinal tract. Secretory IgA antibodies may be found throughout the mucosal immune
system, including the respiratory tract, salivary glands, and lacrimal glands. In addition, the antigen
presenting cells of the Peyers patches and the local gut immune system may interact with
lymphocytes that induce both an innate and humoral immune responses at distal sites. Animal
studies have started to focus on the effect of probiotics on distal mucosal sites. In a mouse model
looking at the affects of Lactobacillus on infection with Streptococcus pneumoniae, mice were
challenged with Lactobacillus fermentum, S pneumoniae, or L fermentum and then S pneumoniae
(experimental group) **3. Anti S pneumoniae antibodies were increased in the Lactobacillus treated
mice compared with controls, and Lactobacillus treated mice had an increased number of
macrophages in the lung and lymphocytes in the trachea. Another study by Alvarez et al. looked at
mice who were challenged with aerosolized Pseudomonas aeruginosa ***. Mice fed a diet of
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lactobacilli had a significant increase in IgA and IgM levels in bronchoalveolar lavage samples after
infection with P aeruginosa.

While these animal studies show the potential for immune modulation in the respiratory tract after
administration of lactobacilli during bacterial infections, Hori et al. investigated the effect of oral
Lactobacillus casei strain Shirota on influenza infection of the upper respiratory tract in mice 1%,
Those on an L casei diet had a lower titer of influenza in nasal washings and an increase in NK cell
function, interferon gamma and TNF-alpha. In a similar study using mouse model of influenza
infection of the upper respiratory tract, the titer of virus in the nasal washings of infant mice
receiving L. casei Shirota (L. casei Shirota group) was significantly lower than that in infant mice
receiving saline '®’. Taken as a whole, there is promising indirect evidence in support of the
potential to boost immune response to at least LAIV based on administration of other oral live
vaccines in humans as well as direct evidence in support of improved immune response to an
influenza virus challenge in mice treated with LGG.

2.1.8.2 Effects of Probiotics on the Innate Immune System

Both the innate and adaptive immune systems are modulated by probiotics. The initial interaction of
orally delivered probiotics with the mucosal immune system occurs by interaction with epithelial
cells in the lining of the gastrointestinal tract. These epithelial cells function as immunoregulatory
cells. In vitro studies have shown that lactobacillus increases transepithelial resistance and may
prevent decreased transepithelial resistance when administered with other pathogenic bacteria %
189 The next step is recognition of lactobacillus molecular patterns by antigen presenting cells
(macrophages and dendritic cells). Lactobacilli have been shown to upregulate cytokine expression
in murine dendritic cells and human peripheral blood mononuclear cells in in vitro studies 8 19
192 | actobacillus has been shown in vitro to induce production and expression of Th-1 type
cytokines TNFa, IL-2, IL-1B, IL-6 *** and IL-18 in peripheral blood mononuclear cells % 19 192194,
Lactobacillus has also been found to activate transcription factor NF-xB and Toll-like receptors (TLR
2 and 9) ® %1% The upregulation of Th-1 type cytokines by Lactobacillus may play a role in the
CTL response to influenza.

Probiotics have also been found to enhance the innate immune response in the elderly. In a trial of
elderly and middle aged adults, patients who received Lactobacillus rhamnosus HNOO1 had
increased polymorphonuclear (PMN) phagocytic activity and natural killer (NK) cell tumorcidal
activity **. In a study of 30 healthy elderly subjects, Bifidobacterium lactis HN019 was found to
increase the proportions of total, helper and activated T lymphocytes and NK cells 2> *%’. Phagocytic
activity of mononuclear and (PMN) phagocytes and tumorcidal activity of NK cells was also
increased. In a subsequent double blind placebo controlled study, elderly adults who received
Bifidobacterium lactis HNO19, the probiotics enhanced PMN and NK cell activity when compared
with placebo 8. In a similar study, Bifidobacterium was found to increase interferon alpha
production in elderly patients .
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2.1.8.3 Effects of Prebiotics and Probiotics on the Immune Response to Influenza
Vaccination

Probiotics may enhance innate and adaptive immunity and augment the immune response to
mucosally delivered vaccines (Fang 2000). Mice fed Lactobacillus prior to an influenza virus
challenge had higher levels of influenza specific IgG and greater protection against illness (Yasui
2004). Few studies on the use of probiotics as an immune adjuvant to influenza vaccination have
been published to date. In one study in which a prebiotic containing nutritional supplement was
administered to elderly patients (age=70) receiving the trivalent influenza vaccine, there was no
effect of the prebiotic mixture on immunologic response. However, in a placebo controlled trial
using a nutritional supplement containing Lactobacillus paracasei, elderly patients receiving the
influenza and pneumococcal vaccines had an increase in the innate immune response and a
decreased number of infections when compared with placebo *®. Additionally, the results of both a
pilot and confirmatory placebo-controlled randomized trial using a yogurt drink containing
Lactobacillus casei demonstrated that elderly patients who took the probiotic during the influenza
season had increased relevant specific antibody response to the vaccine when compared with
placebo *®. Probiotic Lactobacillus fermentum (CECT5716 ** also was shown to improve
immunogenicity of TIV in a human trial. However, there are no human studies of probiotics on
immunogenicity of mucosally delivered LAIV.

During the 2007-2008 influenza season, our group conducted a study of LGG vs. placebo as an
immune adjuvant to LAIV in 42 normal healthy subjects aged 18 to 49. Approximately 52% of the
LGG group and 38% of the placebo group had previously receive TIV (P=0.54). Only 3 of the 42
(7%) were lost to follow up, all immediately after the baseline visit. Overall, 15% seroconverted for
the H1N1 strain, 45% for the H3N2 strain and 41% for the B strain. In the intent to treat analysis,
there was no difference in seroconversion rates between treatment and placebo groups for the
H1N1 and B strains, but in the per protocol analysis there was a trend to increased seroprotection
in the LGG group vs. placebo for the more generally immunogenic A/Wisconsin/67/2005 (H3N2)
vaccine strain on day 14 (79% vs. 55%, p=0.11), day 28 (84% vs. 55%, p=0.08) and day 56 (84%
vs. 60%, p=0.16) (Davidson et al, 2010, submitted). Although there were significantly more reports
of myalgias and decreased appetite in the LGG group, adverse events were similar to those
observed in other LAIV studies ?°. The proposed study uses the same regimen as was used in this
proof of concept study.

2.1.9 Effects of Probiotics on the Microbiota and Host Immune Response

Evaluation of the bacteria that colonize the gastrointestional tract and nasopharynx has traditionally
depended on culturing the organisms in the microbiology laboratory. These standard culture
methods, even when optimized, can miss up to 80% of organisms that can be detected by newer
culture independent methods®®. High-throughput DNA sequencing provides new opportunities for
understanding the microbial ecology of the gut and upper respiratory tract. These methods use the
bacterial 16S rRNA to identify bacterial species. Since portions of the 16S rRNA are well
conserved across both prokaryotes and archaea, PCR primers that span conserved regions can be
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used to amplify the sequences from all the species in a sample. Highly variable intervening
portions of the genome that are amplified with the conserved regions exhibit sufficient diversity to
allow the identification of the separate species of bacteria that are present. Recent technological
advances in sequencing can generate hundreds of thousands of sequences from a single sample
(deep sequencing). Although originally applied to the analysis of environmental samples, this

technology is now being applied to the study of complex human microbial communities®®.

To date, most studies describing the bacterial diversity and richness of the human microbiome have
focused on the gastrointestinal tract®*>*°®, The predominant bacterial species of the human colon
are the Firmicutes and Bacteroides. Throughout the gastrointestinal tract, from mouth to colon,
there are different ecological niches that may be exploited by particular bacteria®®®. Changes in the
gut microbiota may be related to diet, age and underlying disease®®?!*. Studies of the
gastrointestinal tract in healthy newborns in the first year of life have shown a marked shift in gut
microflora dependent on diet, environmental exposures and antibiotic use??. Studies of probiotics
in newborns to prevent food allergies and in young children to prevent diarrhea have also
suggested that changes in gut microflora may have profound effects on the host immune system®®
160,161, 213216 pecent seminal studies by Gordon et al have also suggested that these changes are
not just due to interaction between the probiotics and the immune system, but more likely due to
interactions with and changes in the microbial ecology of the gut 2°7 217218,

The microbiota of the upper respiratory tract, particularly of the nasopharynx has not been studied
as extensively as the microbiota of the colon. A recent study using 16S rRNA gene amplification
techniques recently demonstrated the presence of over 700 species in the oral cavity of healthy
subjects, over 50% of which were not identified by culture-based methods #°. Using 16S rRNA
gene sequence and reverse capture checkerboard hybridization, the predominant bacterial species
in the oral cavity of healthy subjects and those with dental caries differed significantly *%°.

However, there are no data on the microbiome of the nasopharynx in elderly subjects, nor on the
effect of probiotics on the nasopharyngeal microbiome. Given the interest and importance of
understanding the human microbiota and the ways that probiotics may alter the composition and
function of the microbial communities inhabiting the Gl and respiratory mucosal surfaces, we
propose to study the effect of influenza immunization with and without probiotics.

Finally, at the request of NIH, we are collaborating with Dr Solano-Aguilar in the Diet, Genomics
and Immunology Laboratory at the USDA, Beltsville, Maryland. The purpose of this collaboration is
to evaluate the effects of LGG vs. placebo on the intestinal microbiota (specifically Bifidobacterium
and Lactobacillus spp. in stool samples) and host immune response (specifically
inflammatory/immune response genes).
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2.1.10 Summary of the Background and Significance

¢ Influenza infections remain a major public health threat every year and when pandemics occur,
the impact is even more substantial.

e There is room for improvement in the immunogenicity and efficacy of current influenza vaccines
especially in the elderly and patients with chronic medical conditions

o Concomitant administration of LGG with oral live vaccines (polio, rotavirus and S typhi) in
humans has resulted in enhanced humoral immunity against vaccine strains.

¢ Administration of LGG prior to influenza virus challenge results in improved immune response
and clearing of the infection in the mouse model and preliminary data in younger healthy adults
is encouraging.

e The novel technologies (454 pyrosequencing) that now permit detection of the human
microbiota using non-culture based methods provide a timely and highly relevant way to
evaluate whether probiotics such as LGG can safely modify the microflora of the gut and
respiratory mucosa.

e Use of DNA and RNA PAXgene kits to study immune response gene polymorphisms and gene
expression provide an opportunity to start to evaluate possible systemic immune effects of
probiotics such as LGG.

This research will investigate whether LGG is an effective immune adjuvant to the influenza vaccine
in elderly subjects as a first step towards the goal of boosting immune response in the elderly. LGG
has the potential to be an easily accessible, cost effective influenza vaccine adjuvant that can safely
be used in the elderly. It will be conducted as a Phase | investigation in three stages. The first
stage will be an open label controlled trial to assess the safety of LGG in elderly subjects. The
open label study will be completed and approval from the FDA will be obtained prior to proceeding
to the second stage. The second stage will be a double blind placebo controlled randomized trial of
LGG vs. placebo in elderly subjects receiving TIV during the influenza season, to assess the safety
of LGG during administration of TIV. This second stage study will be completed and approval from
the FDA will be obtained prior to proceeding to the third stage. The third stage will be a double
blind placebo controlled randomized trial of LGG vs. placebo in elderly subjects receiving LAIV after
the typical influenza season, to assess the safety of LGG during administration of LAIV. A future
Phase Il study may randomize elderly subjects to TIV or LAIV and LGG or placebo in a factorial
design, depending on the results of the 3 stages of the Phase | study. This study protocol is for the
first stage of the Phase | study only - an open label controlled trial to assess the safety of LGG in
elderly subjects.
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3 OBJECTIVES AND OUTCOMES

3.1 Study Objectives

Primary Objective - Assess the safety and tolerability of 2 x 10'° CFU LGG administered orally to
elderly subjects for 28 days.

Secondary Objective - Evaluate the richness and microbial diversity in nasopharyngeal and stool
specimens using pyrosequencing.

Optional Sub-Study Objectives

Compare cytokine production in response to bacterial stimulation by following the kinetics of mMRNA
expression of pro and anti-inflammatory genes and different signaling pathways in relation to
changes in stool Bifidobacterium and Lactobacillus spp.

3.2 Outcome Measures

3.2.1 Primary Outcome Measure

Occurrence of adverse events defined as a new Grade II-1V toxicity (FDA’s Guidance for Industry:
Toxicity Grading Scale for Healthy Adult and Adolescent Subjects Enrolled in Preventative Vaccine
Clinical Trials, September 2007), that are possibly or probably related to administration of LGG.
Adverse events will be detected during study visits with standardized questionnaires, medical
history, vital signs, physical examinations, laboratory tests and review of subject diaries as well as
between study visits on telephone calls based on responses to adverse event questionnaires.

3.2.2 Secondary Outcome Measures

Richness and bacterial diversity of the nasopharngeal and gut microbiota and presence of LGG in
stool specimens by routine culture

3.2.3 Optional Sub-study Outcome Measures

MRNA expression TNF-a, IL-12, IL-6, IFNg, IL-10, Mitogen activated protein kinase (MAPK)p38,
phosphatidylinositol 3 (P13) kinase, and nuclear factor Kappa B (NF-KB)
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4  STUDY DESIGN

This is a phase |, open label clinical trial to evaluate the safety of Lactobacillus rhamnosus GG
(LGG), ATCC 53103 in 10-15 elderly subjects. Enrollment of subjects is estimated to take
approximately 3 months. Subject participation is approximately 3 months. The study will be
conducted in elderly subjects at the Clinical Research Centers (CRC) at Tufts Medical Center and
Massachusetts General Hospital. Subjects will be seen as outpatients. The study drug dose is
2x10" LGG per day (1x10™ LGG per capsule, 2 capsules per day). The study drug will be given
orally twice a day for 28 days. The first dose will be ingested under observation in the CRC.
Subjects will be evaluated during study visits at screening, Day 0 (baseline), Day 28 (+/- 2 days),
and Day 56 (+/- 1 week), as well as on telephone calls on Days 3 (+/- 1 day), 7 (+/- 2 days), 14 (+/-
2 days).

Grade 2 or higher adverse events that were not present at baseline will be assessed using
standardized questions asked during each study visit and telephone call, standardized physical
examinations, and the results of laboratory tests. Subject diaries will be reviewed at each visit.
Subjects will be reminded during the course of the study to contact the Pl if any issue arises.
Clinical laboratory tests will be performed at the CLIA-approved clinical laboratories at Tufts Medical
Center and the Massachusetts General Hospital. Cultures of the stool and LGG capsules will be
performed in Dr Snydman’s research laboratory at Tufts Medical Center to assess for the presence
of LGG. Bacterial DNA from nasopharyngeal and stool specimens will be processed in the CRC
research laboratory for microbiota analysis.

A Data and Safety Monitoring Board (DSMB), see Section 9.7, will oversee the study. The DSMB
will review the safety data approximately every six months. There will be no formal interim analysis.
The DSMB will report on whether or not to continue the study after each review. The report will
contain the following information regarding the study’s safety to date:

e Overview of study status
¢ Summary of safety data for each subject through day 56

e Summary safety assessment
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5 STUDY SCREENING AND ENROLLMENT

Subjects, aged 65-80 years, will be recruited from the greater Boston area. Strategies for
recruitment include advertising in local newspapers, on web sites and subject databases using IRB-
approved materials. It is anticipated that a total of 80 elderly subjects will be screened at both
institutions (up to 40 at each institution) to achieve a sample size of 10-15 enrolled subjects. We
expect that 50% of these will be female and about 20% will be minorities, based on the population
distribution in Massachusetts. An IRB approved phone script will be used to pre-screen subjects
who provide telephone numbers in response to advertisements. The script will provide a brief
description of the study and ask the interested subject if they are in good general health, whether
they consume yogurt or probiotics on a daily basis, whether they are interested in participating in
the study and availability for the required follow-up period. Interpreters will be available as needed.
Those who are interested will be scheduled for a screening visit in the CRC.

5.1 Screening

At the start of the screening visit, the Principal Investigator or designee will describe the study in
detail and review the informed consent, Health Insurance Portability and Accountability Act (HIPAA)
authorization and consent for HIV testing with the subject. Subjects are allowed as much time as
they need to give informed, signed consent and willingness to proceed is reviewed at each visit.
Screening numbers will be assigned by the Principal Investigator/designee. HIV testing is done
according to the hospital's standard protocol.

Subjects who are screened and do not meet all entry criteria (screening failures) will be entered into
a screening log. Descriptive data collected on screening failures will be entered into the clinical
study database as recommended by the CONSORT statement %%,

5.2 Subject Inclusion Criteria

Subjects must meet all of the following inclusion criteria to be eligible to participate in the study:
e Age 65-80 years

e Willing to complete the informed consent process

¢ Able and willing to participate for the planned duration of the study, including availability for
follow-up telephone contact

¢ Is community-dwelling for the past two years
e Has received routine physical in the past two years

e Has no new chronic conditions in the past two years
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Identifies a primary care clinician

Has received recommended preventive services (Task Force for Clinical Preventive Services)
for vaccination and cancer prevention/detection, e.g.;

o0 Pneumococcal vaccination
0 Mammography
0 Screening colonoscopy for colon cancer

Willing to comply with protocol and report on compliance and side effects during the study
period

Informed consent obtained and signed prior to screening.

5.3 Subject Exclusion Criteria

Subjects meeting any of the exclusion criteria at baseline will be excluded from the study.

Consumption of supplements or food products containing LGG or probiotics for 28 days prior to
the start of the study or consumption of yogurt that has the “live and active cultures” seal.

Known or suspected allergies to probiotics, Lactobacillus, microcrystalline cellulose, gelatin, or
antibiotics that may be used to treat LGG bacteremia or infection (i.e. subject able to tolerate at
least 2 of the following regimens - Ampicillin or other beta lactam antibiotic, and Clindamycin,
and Moxifloxacin).

Received oral or parenteral antibiotics within 4 weeks of enroliment or prescribed antibiotics on
the day of enroliment

Drug or alcohol abuse within the previous 12 months

Hospitalization, major surgery or endoscopy within the last 3 months

Scheduled hospital admission within 3 months of enroliment

Resident of a nursing home or rehabilitation center

Presence of any of the following:

0 Grade 2 or higher abnormal vital signs or abnormalities on physical exam (Appendix A)
o Indwelling catheter or implanted hardware/prosthetic device or feeding tube

o Current or within the last 2 years, any episode of bowel leak, acute abdomen, diverticulitis,
colitis, bloody bowel movements or peptic ulcer disease, including any surgical procedure or
current prescription medications for any of these conditions

o Current or within the last four weeks, active bowel disease such as an episode of infectious
or non-infectious diarrhea, constipation, or vomiting lasting more than 12 hours or current
prescription medications for any of these conditions
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o O O o o

Any history of gastric or intestinal dysmobility, slowed transit time, variable small intestinal
permeability, pancreatitis, history of gastrointestinal tract cancer or metastasis, or
inflammatory bowel disease or current prescription medications for any of these conditions

Any history of Hepatitis B or Hepatitis C infections, cirrhosis, or chronic liver disease

Underlying structural heart disease such as abnormal native heart valve or congenital
abnormality, previous history of endocarditis or valve replacement, Stage IV congestive
heart failure

History of peripheral vascular disease or stroke

Immunosuppression including HIV positive, solid organ or stem cell transplant recipient,
receiving any oral or parenteral immunosuppressive therapy, neutrophil count <500/mm?, or
an anticipated drop in the neutrophil count to <500/mm? or active or planned chemotherapy
or radiotherapy

History of collagen vascular or autoimmune disease

End stage renal disease

History of chronic obstructive pulmonary disease or asthma
Diabetes or thyroid disease

Active tuberculosis (TB), defined as undergoing work up for suspected active TB infection or
currently on treatment for active TB

e Positive drug or alcohol testing at screening or positive breathalyzer at baseline or an
unwillingness to undergo drug and alcohol testing

e Abnormal laboratory tests defined as any of the following:

© O 0O 0O 0O 0O 0o O o

White blood cell (WBC) < 3.3 or > 12.0 K/puL

Platelets < 125 K/uL

Hemoglobin Males: < 12.0 g/dL; Females: < 11.0 g/dL
Creatinine > 1.8 mg/dL

Blood urea nitrogen (BUN) >27 mg/dL

Aspartate aminotransferase (AST) > 1.25 ULN
Alanine aminotransferase (ALT) > 1.25 ULN

Alkaline phosphatase > 2.0 ULN

Bilirubin (total) > 1.5 ULN

Glucose (non-fasting ) >126 mg/dL

Positive HIV, Hepatitis B surface antigen or Hepatitis C antibody

e Any other condition that in the opinion of the investigator would jeopardize the safety or rights of
the subject participating in the study or would make it unlikely the subject could complete the
study
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5.4 Enrollment

Subjects who meet all inclusion and have no exclusion criteria and who return for their baseline
appointment are enrolled into the study. On enroliment, they will receive a unique study ID that will
be used on all study forms and labels. Willingness to proceed is reviewed at each visit. In addition,
subjects who enroll in this study will be informed of an optional sub study.

44



Open Label Study of LGG in the Elderly Version 1.1, Serial Number 003
Date: June 6, 2011

6 STUDY DRUG

6.1 Study Product Description

6.1.1 Acquisition

The study drug (LGG) will be supplied in blister packs by Amerifit Brands, Inc. Amerifit Brands, Inc.
will ship the study drug via UPS overnight with ice packs to the research pharmacy at Tufts Medical
Center and Massachusetts General Hospital. Upon receipt, the research pharmacist at Tufts
Medical Center and Massachusetts General Hospital will inventory the contents of the shipment
received, confirm the contents match with the shipping paperwork, and document the receipt of the
shipment in log books to be maintained by the research pharmacy.

6.1.2 Formulation, Packaging, and Labeling

Lactobacillus rhamnosus GG, ATCC 53103 (LGG) is supplied in a gelatin capsule at a dosage of
1x10'° LGG per capsule. The capsule also contains microcrystalline cellulose (purified partially
depolymerized cellulose), an inactive ingredient. Each capsule is wrapped in double foil to protect it
against harmful light, air, and moisture and provided in blister packs. The blister packs are labeled
with the lot number of the study drug prior to shipping to Tufts Medical Center and Massachusetts
General Hospital.

6.1.3 Product Storage and Stability

The LGG capsules should be stored in a cool, dry place at or below 72-75°F. Although LGG
capsules do not require refrigeration, they are more stable when stored under refrigeration. The
stability of the capsule contents will be assessed at predetermined time points as described in
Section 13.

6.2 Dosage, Preparation, and Administration of Study Drug

The dose of LGG for this study is 1x10"° LGG administered twice a day for 28 days. This dose has
been widely used in studies of LGG described in Tables 1-3 above. When an order for study drug
is received, the research pharmacist will retrieve the LGG capsules in the blister packs and place
them in a plastic bag. The plastic bag is labeled with the following information:

e Subject study ID
e Name of subject
e Name of study/protocol number

e MD prescribing the study drug

45



Open Label Study of LGG in the Elderly Version 1.1, Serial Number 003
Date: June 6, 2011

e Directions

e Quantity dispensed
e Dispensing date

e “Study Drug”

e Expiration date

e Storage requirements “Keep at or below room temperature”

The study drug will be sent to the CRC where research study staff will dispense it to the subject,
along with clear instructions on proper use of the study drug. An instruction sheet on taking the
LGG will be given to all subjects and the first dose will be administered under direct observation in
the CRC.

6.3 Accountability Procedures for the Study Drug

The study pharmacist and/or study coordinator will keep source documentation for accountability of
study drug that details receipt, dispensing, and return of used and unused study drug. Study drug
will be inventoried and accounted for throughout the study. All study drugs will be stored in locked
facilities until they are either returned to Amerifit Brands, Inc. at the closure of the study or at an
earlier time point if requested, or destroyed by the pharmacy. Prior to dispensing, blister packs
containing study drug will be visually inspected. If a blister pack appears to have tears or signs of
tampering, the blister pack will be rejected for use and retained until the end of the study. At the
end of the study, Amerifit Brands, Inc. will determine dispensation of all remaining unused blister
packs at the study site. An accountability log will be kept, indicating the final disposition of study
drug. This log will be provided to the Principal Investigator at the end of the study.

6.4 Assessment of Subject Compliance with Study Drug

At the 28 day study visit, subjects will be asked to bring in all remaining study drug. Study staff will
count and record the number of study drug capsules brought back.

6.5 Concomitant Therapy

All medications taken within 30 days prior to the administration of study drug and all concomitant
medications administered during the study are to be recorded on the relevant case report form
page(s), along with the reason for use. All prior hospitalizations as well as all surgeries will be
recorded on the relevant CRF page(s). Subjects using LGG or other probiotics (including yogurt
displaying the “live and active cultures” seal) within 28 days will be excluded from participating in
the study, unless they are willing to discontinue these products for 28 days before their baseline
visit and for the duration of the study. Those who consume yogurt will be eligible only if they

46



Open Label Study of LGG in the Elderly Version 1.1, Serial Number 003
Date: June 6, 2011

consume yogurt brands sold in the United States that are heat-treated, thus have active cultures
destroyed. During the study period, subjects will be asked to avoid consuming brands of yogurt that
display the “live and active cultures” seal (as listed by the National Yogurt Association’s seal
program — www.aboutyogurt.com/lacYogurt).
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7  STUDY SCHEDULE

The schedule of evaluations and procedures that must be performed at specific time points is
described in the following sections and is summarized in the Time and Event Schedule (page 11).

7.1 Screening (Visit Day -31 to Day -1)

Potential subjects for this study will be scheduled for a screening visit. At the start of the visit, the
nature of the study will be explained to him/her by the study investigator or designee, and the
potential subject will be asked to give written informed consent and sign the HIPAA authorization.
Informed consent/HIPAA authorization must be obtained prior to any procedures occurring.
Subjects will be asked to describe their medical history (including a review of all inclusion and
exclusion criteria), and have a physical examination (with vital signs) and laboratory tests. HIV
testing will be performed according to the Tufts Medical Center’s and Massachusetts General
Hospital standard procedure, after the subject has signed the Tufts Medical Center or
Massachusetts General Hospital standard HIV testing consent form. The specific procedures
during the screening visit include:

e Demographics, medical history and review of inclusion and exclusion criteria, concomitant
therapy/medications, consumption of probiotics, yogurt, etc.

e Physical exam with height, weight and vital signs
¢ Routine Laboratory tests
o CBC
o Serum chemistries/liver function tests
o Drug and alcohol toxicity screen
o0 Serology for anti-HIV, anti-HCV, and Hepatitis B surface antigen (HbsAg)

Subjects are provided with information on foods and probiotic products to avoid during the study, a
stool sample collection kit and instructions on how to collect stool specimens should they be eligible
to participate in the study.

7.2 Enrollment (Baseline Visit, Day 0)

Subjects who are eligible to participate in the study after all of the screening tests have been
completed will return for a baseline visit. The following evaluations and procedures will be done at
the baseline visit, prior to receiving the study drug:

o Interval medical history, concomitant therapy/medications, consumption of probiotics, yogurt, etc
and review of symptoms
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¢ Physical exam with weight and vital signs
e Routine Laboratory tests
o CBC
o Serum chemistries/liver function tests
e Breathylzer - Alcohol screen
e Research Laboratory tests
0 Collection of nasopharyngeal specimens for microbiota
0 Collection of stool sample for microbiota and LGG culture

Enrolled subjects will be offered an opportunity to participate in the sub-study. After they either
decline or accept, study drug will be dispensed.

e Study drug cultures for colony counts

e First administration of study drug. Subject will learn how to take the study drug twice daily for
the next 4 weeks.

e Sub-study only — blood for DNA, mRNA and cytokines

Subijects will be reminded to contact the Pl at any time for any study related issues or adverse
events that occur. Subjects will receive a new stool container and again be instructed on how to
collect the stool.

Telephone Calls Days 3, 7, and 14

Volunteers will also be telephoned on Days 3 (+/- 1 day), 7 (+/- 2 days), and 14 (+/- 2 days), to
inquire about adverse events and discuss study drug use. A standardized form that asks the same
guestions that are listed in the diary (Appendix C) will be developed for this purpose. Open-ended
guestions will also be asked to solicit adverse events. The volunteer will be reminded to call the PI
or study staff at any time to discuss any questions or changes in health status.

7.3 Follow-up (Day 28 (End of Treatment), Day 56 (End of Study))

Study subjects will return for follow-up evaluations to the clinical study site on study day 28 and 56.
The following evaluations and procedures will occur at each visit.

¢ Interval medical history, concomitant therapy/medications, consumption of probiotics, yogurt, etc
and adverse event questionnaire, self report and diary review

e Physical exam with weight and vital signs
¢ Routine Laboratory tests

o CBC
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o Serum chemistries/liver function tests
o Research Laboratory tests
0 Collection of nasopharyngeal specimens for microbiota
0 Collection of stool sample for microbiota and LGG culture
0 Sub-study only — blood for DNA, mRNA and cytokines
e Study drug cultures for colony counts (day 28 only)

At the follow-up visits, subjects will be reminded to contact the Pl at any time for any issues or
adverse events that occur. On day 28, subjects will receive a new stool container and again be
instructed on how to collect the stool.

7.4 Early Termination Visit

Subjects are free to withdraw from participating in the study at any time upon request. The reason
for withdrawal will be documented on the CRF. If a subject withdraws early due to an adverse
event, he/she will be followed until resolution/stabilization of the adverse event. Subjects will be
withdrawn if they are hospitalized.

If a subject prematurely withdraws from the study or is withdrawn from the study, the same
procedures and evaluations will be performed as in the final study visit if possible at the time of
withdrawal from the study (i.e. study subject withdraws at time of a visit and consents to having
procedures/evaluations done):

o Interval medical history, concomitant therapy/medications, consumption of probiotics, yogurt, etc
and adverse event questionnaire, self report and diary review

e Physical exam with weight and vital signs
e Routine Laboratory tests
o CBC
o0 Serum chemistries/liver function tests
o Research Laboratory tests
0 Collection of nasopharyngeal specimens for microbiota
0 Collection of stool sample for microbiota and LGG culture

0 Sub-study only — blood for DNA, mRNA and cytokines
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8 STUDY PROCEDURES/EVALUATIONS

Dr Hibberd and her study team are responsible for ensuring that all study procedures and
evaluations are performed.

8.1 Clinical Evaluations
e Medical history from subject interviews
o Medical history, current conditions, review of symptoms
0 Drug allergies
o Concomitant medications
e Physical examination
o Vital signs, height, weight

0 Exam of body systems — HEENT, neck, heart, lungs, abdomen, skin, musculoskeletal,
neurologic, lymph nodes, vascular, other

8.2 Laboratory Evaluations

8.2.1 Clinical Laboratory Evaluations

The following clinical laboratory evaluations will be performed by the Tufts Medical Center or
Massachusetts General Hospital CLIA-approved clinical laboratories.

e Hepatitis panel and HIV (screening) - HCV antibody, HBsAg, HIV antibody.
¢ Drug and alcohol toxicity screen
e CBC - hemoglobin, WBC with differential, platelet count.

e Serum chemistries/liver function tests — alkaline phosphatase, AST, ALT, total bilirubin, BUN,
creatinine, glucose.

8.2.2 Special Assays or Procedures

8.2.2.1 Culture of LGG

All cultures for LGG will be processed and performed in Dr Snydman’s research laboratory at Tufts
Medical Center using standard culture methods.
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8.2.2.2 Microbiota

All samples for microbiota will be processed in preparation for bacterial RNA/DNA extraction by
homogenizing the specimen with RNALater (Qiagen, Valencia CA) and then stored at — 80 C in
multiple microfuge tubes. The batched samples will have purified bacterial DNA/RNA extracted and
will be amplified using PCR. The PCR products will be pooled and pyrosequenced. Our current
procedures are as follows, although these may be modified at the time that the batched analyses
are run, due to likely scientific advances. Homogenates of stool will be thawed, and DNA will be
extracted using a ZYMO Fecal DNA Kit (Zymo Research, CA). The purified DNA will be stored at -
80°C in the tissue bank for future batched pyrosequencing of 16S rRNA genes at the University of
Maryland’s Institute of Genomic Sciences (IGS). Purified DNA, labeled only with study ID,
specimen type and visit identifier, will be subjected to PCR to generate amplicons of 16S rRNA
genes for pyrosequencing by protocols established by IGS. The forward primer for all stool DNA
samples will be the 16S rRNA gene primer 454 _27F
(GCCTTGCCAGCCCGCTCAGTCAGAGTTTGATCCTGGCTCAG, Sigma-Aldrich, Inc, St. Louis
MO) %2, The reverse primer for each sample will be constructed to contain a unique tag sequence
to serve as a “barcode” to identify its origin. After amplification, the PCR products will pooled and
pyrosequenced at IGS on a Roche/Life Sciences 454 Pyrosequencer (Branford, CT). To evaluate
possible contamination of reagents and subsequent amplification of foreign DNA during PCR
amplification, control reactions that contain reagents but no DNA template will be included in each
PCR run. If this negative control shows positive amplification, the PCR will be repeated with fresh
reagents. To limit contamination, all DNA handling will be performed in a dedicated hood, barrier
tips will be used on pipettes to avoid cross-contamination, and gloves will be changed regularly. To
help control for PCR-induced biases ??3, quantitative PCR will be used to find the amplification
saturation point for each sample. During the PCR amplification, the minimum number of cycles will
be used to reach the amount of DNA product needed for pyrosequencing. The procedures for the
nasopharyngeal samples are the same except that DNA will be extracted using the DNA Mini Kit
(Qiagen, Valencia, CA). Samples are only identified with a study ID number, specimen type and
study visit descriptor.

8.2.2.3Immune Response Genes

DNA and RNA will be extracted from blood using the Paxgene kits and will be stored for future
analysis of immune response genes and immune response gene products such as cytokines as
follows. The subject’s RNA will be extracted from 5 mL of whole blood per visit. The RNA will be
stored at -80 C for later batched analysis of RNA gene expression profiles in Dr Solano-Aguilar’s
laboratory at the USDA-ARS in Beltsville, Maryland. lIts quality and quantity will be analyzed by the
Experion automated electrophoresis system (Biorad) and equal RNA amounts (10 micrograms) per
each sample will be used for first strand cDNA synthesis using Superscript || Reverse Transcriptase
(Invitrogen) #?*. Cytokine production in response to bacterial stimulation will be analyzed using real
time PCR by following the kinetics of mMRNA expression of pro-inflammatory cytokine genes (i.e.
TNF-a, IL-12, IL-6, IFNg), anti-inflammatory genes (IL-10) and different signaling pathways (i.e.
Mitogen activated protein kinase (MAPK) p38, phosphatidylinositol 3 (P13) kinase, and nuclear
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factor Kappa B (NF-KB) involved in probiotic-induced cytokine production as previously described in
vitro . Two grams of stool per visit will also be stored at -80 C and provided to Dr Solano-Aguilar
to enable her to extract bacterial DNA from the specimens. Samples are only identified with a study
ID number, specimen type and study visit descriptor.
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9  ASSESSMENT OF SAFETY

9.1 Subject Evaluations

Study staff will inquire about symptoms (anticipated adverse events) using standardized and
opened ended questions and at each study visit. AEs will also be solicited during telephone calls
on study day 3, 7, and 14. In addition, routine physical examinations and safety labs will be
assessed at all study visits.

Subjects will also be asked to keep a daily symptom diary. Subjects will be instructed on how to
complete this diary at the baseline visit. Subjects will document all symptoms experienced and the
intensity of the symptoms on a daily basis. The symptom diary will be reviewed at all study visits.
The diary will also be reviewed during scheduled telephone calls on Days 3 (+/- 1 day), 7 (+/- 2
days) and 14 (+/- 2 days). A phone script will be utilized for this purpose during these scheduled
calls. If any symptoms have been recorded in the diary and are reported during the scheduled
telephone call, a study physician will follow-up with the subject by phone. The study physician will
then determine how to rate the event based on his/her evaluation and will arrange for appropriate
follow-up and treatment, if necessary. An additional study visit may be scheduled. The study
physician will complete the appropriate AE form for all adverse events identified during the
scheduled phone calls and study visits, as well as during any unscheduled calls or visits.

9.2 Subject Safety Information

A list of risks is presented to the subject in the consent form, along with contact information to reach
an investigator in case of a perceived adverse event or side effect. Subjects are given a copy of the
consent form and instructed to keep this for the duration of the study.

9.3 Availability of the Investigator

Dr Hibberd, the Principal Investigator, or her designee is available 24 hours a day, seven days a
week for study-related questions at both Tufts Medical Center and Massachusetts General Hospital.
In the event that she is not available by cell phone or pager, her pager number will be forwarded to
another investigator who will be familiar with the study protocol and has Dr Hibberd's contact
information.

9.4 Adverse Events
9.4.1 Definitions

An adverse event (AE) is any undesirable experience associated with the use of a medical product
in a subject (http://www.fda.gov/medWatch/report/DESK/advevnt.htm). An AE can therefore be any
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unfavorable and unintended sign (including an abnormal laboratory finding), symptom, or disease
temporally associated with the use of a study drug. Study subjects will be monitored for the
occurrence of events from the day of enrollment for a maximum period of 2 months, although
intense monitoring of adverse events will occur during the first 28 days when the subject is taking
LGG. The occurrence of an AE may come to the attention of study staff during study visits and
interviews with a study subject presenting for medical care, or upon review by a study monitor. In
addition, subjects will be evaluated in person or by telephone and asked about unanticipated
adverse events. We will use both open-ended questions and specific questions about possible
adverse effects, such as presence of diarrhea and other abdominal symptoms.

9.4.2 Recording of Adverse Events

Each adverse event will be recorded on an Adverse Event Case Report Form which will include the
following information:

o Description of symptoms and/or event
¢ Onset and Duration, including intermittent or not

e Adverse Event Severity (including determination if the event qualifies as a Serious Adverse
Event — see Section 9.4.2.1 below)

o Assessment of relationship between the study drug and adverse event (see Section 9.4.2.2
below)

e Action(s) taken to treat the adverse event
e Qutcome

Once identified, all AEs (including serious) will be followed until resolved or until the PI considers
that the subject is stable. Evaluation of AEs will be done during follow-up visits, as well as during
unscheduled visits, and scheduled telephone calls. All communications, examinations, and testing
that occurs as a result of the AE will be clearly documented on AE forms and the appropriate CRFs.
Changes in the severity of an AE will be documented to allow an assessment of the duration of the
event at each level of intensity to be performed.

If events occur which raise questions about the safety of continued administration of LGG, the
subject’s physician will have the option to withdraw the subject from the study.

9.4.2.1 Adverse Event Severity

All AEs will be assessed by the clinician and classified according to the FDA’s Guidance for
Industry: Toxicity Grading Scale for Healthy Adult and Adolescent Volunteers Enrolled in
Preventive Vaccine Clinical Trials as recommended by FDA. See Appendix A. As per the FDA’s
recommendation, we will use the following grading scale to classify adverse events:
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Mild (Grade 1): an event which requires no treatment and does not interfere with the subject’s
daily activities.

Moderate (Grade 2): an event which may cause some interference with the subject’s daily
activity but does not require medical intervention

Severe (Grade 3): an event which prevents usual daily activity (incapacitating; unable to
perform usual activities; requires bed rest or absenteeism) and requires medical intervention.

Potentially life threatening (Grade 4): an event which results in an ER visit or hospitalization

A serious adverse event (SAE) is defined as an AE that meets one of the following conditions
(http://www.fda.gov/medWatch/report/DESK/advevnt.htm)

Death — Report if the subject’s death is suspected as being a direct outcome of the adverse
event

Life-Threatening — Report if the subject was at substantial risk of dying at the time of the
adverse event or it is suspected that the use or continued use of the product would result in the
subject’s death.

Hospitalization (initial or prolonged) — Report of admission to the hospital or prolongation of a
hospital stay results because of the adverse event.

Disability — Report if the adverse event resulted in a significant, persistent, or permanent
change, impairment, damage or disruption in the subject’s body function/structure, physical
activities or quality of life.

Congenital Anomaly — Report if there are suspicions that exposure to a medical product prior to
conception or during pregnancy resulted in an adverse outcome in the child.

Requires Intervention to Prevent Permanent Impairment or Damage — Report if you suspect that
the use of a medical product may result in a condition which required medical or surgical
intervention to preclude permanent impairment or damage to a subject.

9.4.2.2 Assessing the Relationship between Study Drug and Adverse Event

The principal investigator will classify the relationship of the study protocol to the adverse event as
follows:

Not related: The event is clearly related to factors such as the subject’s clinical state, not to
therapeutic interventions associated with the study protocol.

Remote: The event was most likely related to factors such as the subject’s clinical state, not to
therapeutic interventions associated with the study protocol.

Possible: The event follows a reasonable temporal sequence from consuming LGG, but is
possibly related to factors such as the subject’s clinical state.
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e Probable: The event follows a reasonable temporal sequence from consuming LGG and cannot
be reasonably explained by factors such as the subject’s clinical state.

o Highly Probable: The event follows a reasonable temporal sequence from consuming LGG, and
cannot be reasonably explained by factors such as the subject’s clinical state. In addition, the
event occurs immediately following ingestion or application of study drug or reappears on repeat
exposure, if the Pl considers it safe to re-expose the subject to study drug.

9.4.3 Reporting of Adverse Events

All serious adverse events and new Grade 3 or 4 toxicities reported by the subject or detected and
reported to any study physician will be classified as above and recorded on an Adverse Event Form
and in the source document. The causal relationship will be evaluated by the Principal Investigator
and the relationship of the event to the study drug will be reported to the IRBs and the chair of the
DSMB within 72 hours and to the NIH and FDA.

Other adverse events will be summarized approximately quarterly for the DSMB and the IRB.

9.5 Withdrawal of Subjects

The study drug will be discontinued and the subject withdrawn from the study if any of the following
occur:

e An adverse event, intercurrent illness, or other medical condition or situation occurs such that
continued patrticipation in the study would not be in the best interest of the subject

¢ If an enrolled subject begins immunosuppressive medication or events occur which raise
guestions as to the safety of continued administration of LGG, and/or the subject’s primary care
physician wishes to withdraw the subject from the study

o Grade 3 or Grade 4 gastrointestinal side effects
e Lactobacillus bacteremia or invasive Lactobacillus infection
e Subject withdraws consent

e Subject is lost to follow-up

9.6 Rescue Medication

There is a theoretical risk of translocation of LGG across the bowel wall and resultant clinical
infection caused by Lactobacillus. Possible infections include bacteremia, endocarditis, or
abscesses. The antibiotic susceptibilities of LGG, as reported by various researchers, are attached
(Appendix C). Based on the available literature, including experimental models of infective
endocarditis with Lactobacillus plantarum #?®, we would recommend treatment of Lactobacillus
endocarditis with a beta-lactam and gentamicin, but bacteremia alone or other sites of infection may
be treatable with a beta lactam only *"®?2%®2%"_|f any study subject develops invasive disease
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(bacteremia, endocarditis, etc.), we will recommend this treatment course, but will also ask that an
independent infectious disease physician (not involved in the study) evaluate and treat the subject.
We will also obtain in vitro sensitivity data on the specific isolate as several articles show a benefit
of treating with antibiotics to which the organism is sensitive in vitro 7% 2%,

The dose, route, frequency, and duration of treatment will be determined by the infectious disease
consultant caring for the subject but the recommended regimens are as follows:

Ampicillin 2 grams intravenously every 6 hours (or alternative beta-lactam antibiotic) for 14 days
or

Clindamycin 900 mg intravenously every 8 hours for 14 days or

Moxifloxacin 400 mg intravenously every 24 hours for 14 days

Alternative oral regimens for these 3 drugs should the subject be able to transition to an oral
regimen to complete the 14 days of therapy are as follows:

Ampicillin 500 mg orally every 6 hours (or alternative beta-lactam antibiotic) for 14 days or
Clindamycin 300 mg orally every 8 hours for 14 days or
Moxifloxacin 400 mg orally once a day for 14 days

At the conclusion of therapy for invasive disease, we will obtain throat and stool cultures to
determine whether the subject is colonized with LGG in either of these locations. The in vitro
susceptibility pattern of the isolate will be rechecked to guide additional antibiotic therapy to
eradicate the LGG. Subjects will be followed until LGG is no longer isolated from these potential
colonizing sites.

9.7 Safety Oversight and Study Termination

NIH or the Principal Investigator will appoint a Data and Safety Monitoring Board (DSMB). The
DSMB is responsible for monitoring the project for subject safety and adequacy of data quality. The
DSMB will advise the Principal Investigator. If the DSMB recommends a study change for subject
safety or ethical reasons, or if the study is closed early due to slow accrual, the Principal
Investigator will be responsible for implementing the recommendations as expeditiously as possible,
according to standard policies of NIH. If the PI does not concur with the recommendations of the
DSMB, the NIH program office, Principal Investigator, and DSMB chair will be responsible for
reaching a mutually acceptable decision according to usual practices. The DSMB will meet
approximately every 6 months (either in person or by conference call) during the study and more
frequently as needed. The DSMB will consist of at least 3 members: two physicians (at least one
infectious disease specialist) and a statistician. Decisions will be made by majority vote. The
DSMB members will receive reports of all Grade 1-4 toxicities throughout the conduct of the study.
The DSMB will make recommendations to the Pl based on their analysis of the reports.
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The study may be terminated at any time, including at a DSMB interim safety review. If a Grade 4
or serious AE occurs (see Appendix A and Section 9.4.1.1) and the event is judged to be probably
or definitely related to having received the study drug, the study will be immediately suspended by
the Principal Investigator pending review of all appropriate safety data. The event will be reported to
the DSMB, IRB and FDA within 72 hours of notification of its occurrence. No additional subjects will
receive the study drug depending on the joint decision of the DSMB and Principal Investigator as to
whether further doses can be given or the entire trial should be terminated.

DSMB members will be asked to review our assessment of the likely relatedness of the Grade 4 or
SAE to the study drug, and if it is considered probably or definitely related, the event will be
considered an SAE that will result in stopping of the study.
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10 CLINICAL MONITORING

10.1 Study Monitoring Plan

The CRCs in both institutions have procedures in place to verify consent and HIPAA requirements
at each visit. During the study, the FDA may monitor the clinical site at its discretion to check the
progress of enroliment, verify the presence of informed consent and HIPAA authorization, check
adherence to the inclusion/exclusion criteria, monitor completeness of study subjects’ records and
accuracy of entries on the CRFs, review adherence to the protocol and to Good Clinical Practice,
verify the study drug is being stored, dispensed, and accounted for according to specification, and
review documentation of serious adverse events and the recording of safety variables. The clinical
monitoring plan document in the Manual of Operations will include details describing who will
conduct the monitoring, at what frequency monitoring will be done, and what level of detail
monitoring will be conducted (the number of subject charts to be reviewed, which/what proportion of
data fields will be monitored, and what will be monitored), and who will be responsible for ensuring
that monitoring findings are addressed. No information in these records about the identity of the
study subject will leave the clinical study site.
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11 STATISTICAL METHODS

11.1 Sample Size Considerations

The sample size for this study is not determined from power analysis. The sample size of 10-15
adults was recommended by the FDA.

11.2 Interim Analysis
There are no formal statistical interim analyses for this Phase | study. Interim safety data will be
provided to the DSMB approximately every 6 months.

11.3 Statistical Analysis

11.3.1 Safety

Adverse events reported by subjects who receive at least one dose of the study will be summarized
by body system and relationship to study product. The rate of Grade Il or higher vital signs,
physical examinations and laboratory tests will be calculated and summarized using descriptive
statistics. Concomitant medications and significant non-drug therapies will also be reported. The
precise type of missing data, should it occur, will be described.

11.3.2 Microbiota Richness and Diversity

Richness will be reported as the number of operational taxonomic units. Diversity will be reported
as the Shannon Diversity Index. Additional graphical output such as heat maps will be generated.

11.3.3 Cytokine Production

We will describe the time course of mMRNA production of TNF-a, IL-12, IL-6, IFNg, IL-10) and
different Mitogen activated protein kinase (MAPK)p38, phosphatidylinositol 3 (PI13) kinase, and
nuclear factor Kappa B (NF-KB), over time.
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12 SOURCE DOCUMENTS AND ACCESS TO SOURCE
DATA/DOCUMENTS

Medical and research records will be maintained for this study in compliance with ICH E6, Section
4.9, and regulatory and institutional requirements for the protection of confidentiality of research
subjects. Study staff listed in the consent form will have access to records. Authorized
representatives of NIH and regulatory agencies may examine (and when required by applicable
law, to copy) clinical records for the purposes of quality assurance reviews, audits, and evaluation
of the study safety and progress.

Source documents for this study contain demographic and medical information, and a copy of the
signed Informed Consent /HIPAA Authorization. Clinical lab test results will also be the source
documents for this study.
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13 QUALITY CONTROL AND QUALITY ASSURANCE

The quality of the research will be assured by the following:

Developing Standard Operating Procedures (SOPs) that detail how the research team will
ensure that data are generated, documented, and reported in compliance with the protocol,
GCP, and the applicable regulatory requirements (refer to Section 10). These will include:

0 Accountability procedures for the study drug to clearly outline responsibilities and
expectations (Refer to Section 6.3)

o0 Procedures for ensuring that the study drug being used contains the appropriate amount of
active LGG throughout the study.

0 A study schedule and study procedures to clearly outline what happens at each stage of the

study (Refer to Section 7 and Section 8)

0 A plan to evaluate safety which includes safety parameters to be evaluated and methods
and timing for assessing and recording safety data (Refer to Section 9)

o0 Internal site monitoring procedures to identify problems quickly so they can be resolved and

prevented from occurring in the future

o Data handling/record keeping procedures to clearly outline how data are recorded, who is
responsible for various data management tasks, how often summary reports are written,
how protocol deviations are handled (Refer to Section 15)

¢ Applying quality control to each stage of data handling to ensure that all data are
reliable and have been processed correctly (Refer to Section 15)

e Appointing a Data Safety Monitoring Board to assess the progress of the trial,
including safety data (Refer to Section 9.7)

¢ Developing a training program for study staff to ensure that each member of the
study team has the knowledge base to effectively/accurately carry out study
responsibilities
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14 ETHICS/PROTECTION OF HUMAN SUBJECTS

14.1 Ethical Standard

The investigator will ensure that this study is conducted in full conformity with the principles set forth
in The Belmont Report: Ethical Principles and Guidelines for the Protection of Human Subjects of
Research of the US National Commission for the Protection of Human Subjects of Biomedical and
Behavioral Research (April 18, 1979) and codified in 45 CFR Part 46 and/or the ICH EG6; 62 Federal
Regulations 25691 (1997).

14.2 Institutional Review Board

Before implementing this study, the protocol, the proposed Informed Consent/HIPAA Authorization,
and other information to study subjects must be reviewed by the Institutional Review Board (IRB).
A signed and dated statement that the protocol and Informed Consent/HIPAA authorization have
been approved by the IRB must be obtained before study initiation. Any amendments to the
protocol which need formal approval as required by federal law will be approved by this committee.
The IRB will also be notified for all other amendments (i.e. administrative changes).

14.3 Informed Consent Process

Informed consent is a process that is initiated prior to the subject agreeing to participate in the study
and continuing throughout the subject’s study participation. Extensive discussion of risks and
possible benefits of this therapy will be provided to the subjects and their families. Consent forms
describing in detail the study drug, study procedures, and risks are given to the subject and written
documentation of informed consent is required prior to administering study drug. Consent forms will
be IRB-approved and the subject will be asked to read and review the document. Upon reviewing
the document, the investigator will explain the research study to the subject and answer any
guestions that may arise. The subjects will sign the informed consent document prior to any
procedures being done specifically for the study. The subjects should have the opportunity to
discuss the study with their surrogates or think about it prior to agreeing to participate. The subjects
may withdraw consent at any time throughout the course of the trial. A copy of the informed
consent document will be given to the subjects for their records. The rights and welfare of the
subjects will be protected by emphasizing to them that the quality of their medical care will not be
adversely affected if they decline to participate in this study.

In addition to the research consent form, a consent form for HIV testing will also be used in this
study. This HIV testing consent form has been approved by Tufts Medical Center or Massachusetts
General Hospital.
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This study includes an optional sub-study. Subjects who enroll in the study will be given an
opportunity to accept or decline participation in the optional sub-study. They are not required to
participate in the sub-study.

14.3.1 Informed Consent/Assent Process (in Case of a Minor)

Not applicable.

14.4 Exclusion of Women, Minorities, and Children (Special
Populations)

Children will be excluded in this study, as this study is intended to examine the safety of LGG in
elderly subjects.

14.5 Subject Confidentiality

Subject confidentiality is strictly held in trust by the participating investigators and their staff. This
confidentiality is extended to cover testing of biological samples and genetic tests in addition to the
clinical information relating to participating subjects.
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15 DATA HANDLING AND RECORD KEEPING

The investigator is responsible to ensure the accuracy, completeness, legibility, and timeliness of
the data reported. All instructions regarding completing forms, data handling procedures, and
procedures for data monitoring will be provided in the Standard Operating Procedures. All source
documents should be completed in a neat, legible manner to ensure accurate interpretation of data.
When making changes or corrections, the original entry will be crossed out with a single line, and
the change will be initialed and dated. ERASING, OVERWRITING, OR USING CORRECTION
FLUID OR TAPE ON THE ORIGINAL will not be permitted.

15.1 Data Management Responsibilities

All source documents and laboratory reports must be reviewed by the clinical team and data entry
staff, who will ensure that they are accurate and complete. Adverse events must be graded,
assessed for severity and causality, and reviewed by the PI or designee.

Data collection is the responsibility of the clinical trial staff under the supervision of the PI. During
the study, the investigator must maintain complete and accurate documentation for the study.

Dr Hibberd’s group will assume responsibilities for data management and quality review, and Ms
Anne-Maria Fiorino will perform the statistical analysis and report the study data.

15.2 Types of Data
Data for this study will include safety, laboratory, and outcome measures (e.g. safety). Study data

will be collected on study CRFs and entered into the study data base. Safety reports will be
presented to the DSMB approximately every 6 months.

15.3 Study Records Retention

Study documents will be retained for a minimum of 2 years.

15.4 Protocol Deviations

A protocol deviation is any noncompliance with the clinical trial protocol, Good Clinical Practice
(GCP), or Manual of Procedures requirements. The noncompliance may be either on the part of
the investigator or the study site staff. As a result of deviations, corrective actions are to be
developed by the site and implemented promptly.
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These practices are consistent with ICH EG6:

o Compliance with Protocol, Sections 4.5.1, 4.5.2, and 4.5.3
0 Quality Assurance and Quality Control, Section 5.1.1

o Noncompliance, Sections 5.20.1, and 5.20.2.

It is the responsibility of the site’s study staff to use continuous vigilance to identify and report
deviations promptly after identification of the protocol deviation to Dr Hibberd and the Tufts Medical
Center and Massachusetts General Hospital IRBs per their guidelines. All deviations from the
protocol must be addressed in subject source documents. A completed copy of the Protocol
Deviation Form must be maintained in the regulatory file, as well as in the subject’s source
document. The site Pl/study staff is responsible for knowing and adhering to their IRB
requirements.
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16 TRIAL REGISTRATION AND PUBLICATION POLICY

This trial will be registered on Clinicaltrials.gov, which is sponsored by the National Library of
Medicine. The PI will publish results of this research in a scientific journal.
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APPENDIX A: GUIDANCE FOR INDUSTRY

TOXICITY GRADING SCALE FOR HEALTHY ADULT AND ADOLESCENT VOLUNTEERS
ENROLLED IN PREVENTIVE CLINICAL TRIALS

Adverse events in a clinical trial of an investigational vaccine must be recorded and monitored and,
when appropriate, reported to FDA and others involved in an investigation (sponsors, IRBs, and
investigators). (See, for example, 21 CFR 312.32, 312.33, 312.50, 312.55, 312.56, 312.60, 312.62,
312.64, 312.66). Although the use of a toxicity grading scale for adverse events would not replace
these regulatory requirements, using a scale to categorize adverse events observed during a
clinical trial may assist you in monitoring safety and making required reports. Nonetheless, we
believe that categorization or grading of data as outlined in this document is supplementary to and
should not replace full and complete data analysis.

These guidelines for toxicity grading scales are primarily intended for healthy adult and adolescent
volunteers. The parameters in the tables below are not necessarily applicable to every clinical trial
of healthy volunteers. The parameters monitored should be appropriate for the specific study
vaccine. For some preventive vaccines under development, it may be appropriate to include
additional parameters to be monitored during a clinical trial or to alter the choice of values in the
toxicity table. For example, additional parameters might be added based on one or more of the
following: safety signals observed in pre-clinical toxicology studies, the biological plausibility of the
occurrence of certain adverse events, or previous experience with a similar licensed product.

As discussed above, the tables do not represent a recommendation to monitor all the listed
parameters in all clinical trials of healthy volunteers, nor do the tables represent all possible
parameters to be monitored. In addition, these tables do not represent study inclusion or exclusion
criteria. We recommend that the parameters monitored be appropriate for the study vaccine
administered to healthy volunteers participating in the clinical trial.

A. Tables for Clinical Abnormalities

ocareseierto ] wio [ wodsre [ severe [ P L
Product (Grade 1) (Grade 2) (Grade 3) (Grade 4)
Pain Does not Repeated use of | Any use of Emergency
interfere non-narcotic narcotic pain room
with activity pain reliever > reliever or (ER) visit or
24 hours or prevents daily hospitalization
interferes with activity
activity
Tenderness Mild discomfort Discomfort with | Significant ER visit or
to touch movement discomfort at hospitalization
rest
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Erythema/Redness | 2.5 -5cm 51-10cm >10cm Necrosis or
* exfoliative
dermatitis
Induration/Swelling | 2.5 -5 cm and 5.1-10cmor > 10 cm or Necrosis
*x does not interferes with prevents daily
interfere activity activity
with activity

* In addition to grading the measured local reaction at the greatest single diameter, the measurement
should be recorded as a continuous variable.

** Induration/Swelling should be evaluated and graded using the functional scale as well as the actual

measurement.
Potentially Life
Vital Signs * Mild (Grade 1) l(\/(lsc;ggreatzi (gfgdeer%) Threatening
(Grade 4)
Fever (°C) ** 38.0-38.4 38.5-38.9 39.0-40 > 40
(°F) ** 100.4-101.1 101.2 -102.0 102.1 - 104 > 104
Tachycardia - 101 - 115 116 — 130 > 130 ER visit or
beats per hospitalization
minute for
arrhythmia
Bradycardia - 50 - 54 45 - 49 <45 ER visit or
beats per hospitalization
minute*** for
arrhythmia
Hypertension 141 - 150 151 — 155 > 155 ER visit or
(systolic) - hospitalization
mm Hg for
malignant
hypertension
Hypertension 91-95 96 — 100 > 100 ER visit or
(diastolic) - hospitalization
mm Hg for
malignant
hypertension
Hypotension 85 -89 80 -84 <80 ER visit or
(systolic) — hospitalization
mm Hg for
hypotensive
shock
Respiratory Rate — | 17 — 20 21-25 > 25 Intubation
breaths
per minute

* Subject should be at rest for all vital sigh measurements.
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** Qral temperature; no recent hot or cold beverages or smoking.

*** \When resting heart rate is between 60 — 100 beats per minute. Use clinical judgment when
characterizing bradycardia among some healthy subject populations, for example, conditioned
athletes.

Systemic Mild Moderate Severe P?.Lergg?élgi rl;éfe
(General) (Grade 1) (Grade 2) (Grade 3) (Grade 4)
Nausea/vomiting No interference | Some Prevents daily ER visit or
with activity or 1 | interference activity, requires | hospitalization
-2 with activity or > | outpatient IV for
episodes/24 2 hydration hypotensive
hours episodes/24 shock
hours
Diarrhea 2 —3loose 4 — 5 stools or 6 or more ER visit or
stools or 400 - 800 watery hospitalization
< 400 gms/24 gms/24 stools or
hours hours > 800gms/24
hours
or requires
outpatient IV
hydration
Headache No interference | Repeated use of | Significant; any | ER visit or
with non- use of narcotic hospitalization
activity narcotic pain pain reliever or
reliever > 24 prevents daily
hours or activity
some
interference
with activity
Fatigue No interference | Some Significant; ER visit or
with interference prevents daily hospitalization
activity with activity activity
Myalgia No interference | Some Significant; ER visit or
with interference prevents daily hospitalization
activity with activity activity
Systemic lliness G Mldld 1 I\/(Isodgratze éevdere?) P?Lizg?éllz/i rll_glgfe
(Grade 1) (Grade 2) (Grade 3) (Grade 4)
lliness or clinical No interference | Some Prevents daily ER visit or
adverse with interference activity and hospitalization
event (as defined activity with activity not | requires medical
according to requiring intervention
applicable medical
regulations) intervention

84




Version 1.1, Serial Number 003
Date: June 6, 2011

Open Label Study of LGG in the Elderly

B. Tables for Laboratory Abnormalities

The laboratory values provided in the tables below serve as guidelines and are dependent upon
institutional normal parameters. Institutional normal reference ranges should be provided to
demonstrate that they are appropriate.

Potentially
Serum * Mild Moderate Severe Life .
(Grade 1) (Grade 2) (Grade 3) Threatening
(Grade 4)**
Sodium — Hyponatremia 132 -134 130 -131 125-129 <125
mEq/L
Sodium — Hypernatremia 144 — 145 146 — 147 148 — 150 > 150
mEq/L
Potassium — Hyperkalemia 51-52 53-54 55-5.6 >5.6
mEq/L
Potassium — Hypokalemia 3.5-3.6 3.3-34 3.1-3.2 <3.1
mEq/L
Glucose — Hypoglycemia 65 — 69 55 - 64 45 -54 <45
mg/dL
Glucose — Hyperglycemia Insulin
Fasting — mg/dL 100-110 111 -125 >125 requirements
Random — mg/dL 110-125 126 — 200 >200 or
hyperosmolar
coma
Blood Urea Nitrogen 23 -26 27-31 >31 Requires
BUN mg/dL dialysis
Creatinine — mg/dL 15-17 18-20 21-25 >25o0r
requires
dialysis
Calcium — Hypocalcemia 8.0-8.4 75-7.9 7.0-74 <7.0
mg/dL
Calcium — Hypercalcemia 10.5-11.0 11.1-115 11.6-12.0 >12.0
mg/dL
Magnesium — 1.3-15 1.1-1.2 09-1.0 <0.9
Hypomagnesemia mg/dL
Phosphorous — 23-25 20-22 1.6-19 <1.6
Hypophosphatemia mg/dL
CPK — mg/dL 1.25-15x 1.6 -3.0x 3.1-10x > 10 x ULN
ULN*** ULN ULN
Albumin — Hypoalbuminemia | 2.8 — 3.1 25-27 <25 --
g/dL
Total Protein — 55-6.0 50-54 <5.0 -
Hypoproteinemia g/dL
Alkaline phosphate — 1.1-2.0x 2.1-3.0x [13.1-10 x > 10 x ULN
increase by factor ULN ULN ULN
Liver Function Tests —ALT, 1.1-25x 2.6-5.0x 5.1-10x > 10 x ULN
AST ULN ULN ULN
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increase by factor

Bilirubin — when 1.1-1.25x 1.26-15x 151-175x |>1.75xULN
accompanied ULN ULN ULN

by any increase in Liver

Function Test

increase by factor

Bilirubin — when Liver 11-15x 1.6-2.0x 2.0-3.0x > 3.0 x ULN
Function Test is normal; ULN ULN ULN

increase by factor

Cholesterol 201 - 210 211 - 225 > 226
Pancreatic enzymes — 1.1-15x 1.6-2.0x 2.1-5.0x >5.0 x ULN
amylase, lipase ULN ULN ULN

* The laboratory values provided in the tables serve as guidelines and are dependent upon
institutional normal parameters. Institutional normal reference ranges should be provided to
demonstrate that they are appropriate.

** The clinical signs or symptoms associated with laboratory abnormalities might result in
characterization of the laboratory abnormalities as Potentially Life Threatening (Grade 4). For
example, a low sodium value that falls within a grade 3 parameter (125-129 mE/L) should be
recorded as a grade 4 hyponatremia event if the subject had a new seizure associated with the low
sodium value.

***UJLN" is the upper limit of the normal range.

Potentially
Hematology * Mild Moderate Severe Life _
(Grade 1) (Grade 2) (Grade 3) Threatening
(Grade 4)
Hemoglobin (Female) - 11.0-12.0 9.5-10.9 8.0-9.4 <8.0
gm/dL
Hemoglobin (Female) Any decrease | 1.6 —2.0 2.1-5.0 >5.0
change from baseline value | —1.5
- gm/dL
Hemoglobin (Male) - gm/dL | 12.5-13.5 10.5-12.4 8.5-10.4 <8.5
Hemoglobin (Male) Any decrease | 1.6 —2.0 2.1-5.0 >5.0
change from baseline value | —1.5
—gm/dL
WBC Increase - ceII/mmS 10,800 — 15,001 - 20,001 - 25, > 25,000
15,000 20,000 000
WBC Decrease - ceII/mmS 2,500 - 3,500 | 1,500-2,499 | 1,000-1,499 | < 1,000
Lympho;:ytes Decrease - 750 — 1,000 500 - 749 250 — 499 <250
cell/mm
1,500 - 2,000 | 1,000-1,499 | 500 -999 <500

Neutrophils Decrease -
3
cell/mm
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Eosinophils - cellimm 650 — 1500 | 1501 -5000 | >5000 Hypereosinop
hilic

Platelet% Decreased - 125,000 - 100,000 — 25,000 - < 25,000

cel/mm 140,000 124,000 99,000

PT — increase by factor 1.0-1.10x [11.11-21.20 |[1.21-1.25x |>1.25ULN

(prothrombin time) ULN** x ULN ULN

PTT —increase by factor 1.0-1.2x 1.21-1.4x 1.41-15x >1.5x ULN

(partial thromboplastin time) | ULN ULN ULN

Fibrinogen increase - mg/dL | 400 — 500 501 - 600 > 600 --

Fibrinogen decrease - mg/dL | 150 — 200 125 -149 100 - 124 <100 or
associated
with gross
bleeding
or
disseminated
intravascular
coagulation
(DIC)

* The laboratory values provided in the tables serve as guidelines and are dependent upon institutional
normal parameters. Institutional normal reference ranges should be provided to demonstrate that
they are appropriate.

** “ULN" is the upper limit of the normal range.

Urine * Mild Moderate Severe P?l_therr;g?ggi rl;gljfe
(Grade 1) (Grade 2) (Grade 3) (Grade 4)
Protein Trace 1+ 2+ Hospitalization
or
dialysis
Glucose Trace 1+ 2+ Hospitalization
for
hyperglycemia
Blood (microscopic) | 1-10 11-50 > 50 and/or Hospitalization
- gross or
red blood cells per blood packed red
high power field blood
(rbc/hpf) cells (PRBC)
transfusion

* The laboratory values provided in the tables serve as guidelines and are dependent upon institutional
normal parameters. Institutional normal reference ranges should be provided to demonstrate that
they are appropriate.
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APPENDIX B: ANTIBIOTIC SUSCEPTIBILITIES

Valio Ltd. Research and Development, June 2004.
Table 1. Antibiotic susceptibility of Lactobacillus GG

Minimum inhibitory concentration (MIC) pg/ml

NCCLS Agar .
o Yhtyn'eet Klein et al, 2000 Dilution usgilng In?tzes‘:gnHé?c:tth
Antibiotics ITaboratorlot Ltd, Vanderhoof et al, MD Ple}t(_a Gram Brucella agar + 5% Dilution
Finland Z-teet, AB 1999 Positive, SRBC .
Biodisc Radiometer Prof. Goldin z;%fffég?

Feb 4, 2004 '
(Benzyl)penicillin 0.19 1.0 0.25 0.25
Ciprofloxacin 2.0 0.2 >4 1
Ofloxacin 2
Gentamicin 24.0 >32
Ampicillin 0.50 0.5 1.0 1
Imipenem 2.0 2.0 2 1
Doxycycline 0.125
Vancomycin >258 >64 >32
Cefotaxime 4.0 4.0
Erytromycine 0.094 0.25 0.5
Amoxicillin/Clavulanate 0.5 0.5
Cephalotin 16.0 4.0
Tetracycline 2.0 <2.0
Trimethoprim/Sulfamethoxazole 76.0 >4.0/ >76
Oxacillin 1.0
Clindamycin 0.5 1 0.25
Cloramphenicol <4 >1 <8 4
Rifampin <0.6
Linezolid 4
Meropenem 8
Ertapenem 18
Metronidazole >16
Moxifloxacin 1
Trovafloxacin 0.5
Minocycline 1
Amp/Sulbactam 2:1 2 1
Pipercillin/ Tazobactam 4 ug/ml 1
Ticarcillin/ Clavulanate 2 ug/ml 8 4
Pipercillin 1 0.5
Ticarcillin 8 4
Cefoxitin >128
Cefotetan >256
Cefmetazole >128
Cefmetazole 128
Ceftizoxime 32
Cefoxitin >128
Cefoperazone 16
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APPENDIX C: SYMPTOM DIARY

SYMPTOM DIARY

Instruction: Please check the box if YES for each symptom you have had each day. Please rate the symptom when it was bothering you

the most as:

Mild - symptoms do not interfere with your daily activities, no medical therapy required.
Moderate - symptoms which may interfere with you daily activities, no or minimal medical therapy required
Severe - symptoms which interrupt your daily activities, medical therapy required, hospitalization possible

Very severe - symptoms which cause extreme limitations in your daily activity that required medical therapy and hospitalization
Please write the rating on the line next to check box.

Symptoms and
Medications

Monday
/

Tuesday
/

Wednesday
/

Thursday
/

Friday
/

Saturday
/

Sunday

Bloating

Gas

Intestinal rumbling

Diarrhea

Blood in Stool

Abd. Cramps or Pain

Nausea

Vomiting

Loss of Appetite

Abnormal Taste

Heartburn

Constipation

Skin Rash

Other:

Other:

Other:

O|Oojo|o|iao(O)joja(O|ojo|jojafo|o|a

O|Oojo|O|io(O|oja{O|jojojojofo|oiao

O|O|ao(Oo|ojojojojgo(o|jg|ojojo|goio

O|OjojOoj0|0|0|0|0|0|a|o (a0 (oo

O|O0|a(Oojo|ojOojoia(oo|ojo|o|o(o

O|Oojo|O|a(O)joja(O|ojo|jojafo|o|ao

O|Oojo|O|io(O|oja(O|ojojojafo|oi0o

Did you take any
medications
(including any over-
the-counter or
prescription drugs,
other than LGG)

O Yes O No

If Yes, describe:

A wnN e

O Yes O No

If Yes, describe:

O Yes O No
If Yes, describe:

If

O Yes O No

Yes, describe:

O Yes O No

If Yes, describe:

O Yes O No

If Yes, describe:

O Yes O No
If Yes, describe

PN

PwNE

PO

A wNE

A wN e

PN
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APPENDIX D:

Amendment 1 Summary of Changes: 5/17/2010-10/15/2010

Amendment 1

Title: Open Label Study to Evaluate the Safety of Lactobacillus Rhamnosus GG ATCC 53103
(LGG) in Elderly Subjects

Version Number: 1.1

Date: October 15, 2010

The following changes are implemented in Protocol B1: Open Label Study to Evaluate the Safety
of Lactobacillus Rhamnosus GG ATCC 53103 (LGG) in Elderly Subjects. These changes were
requested in the FDA letter re: IND 14377 received August 18, 2010.
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APPENDIX D AMENDMENT 1 SUMMARY OF CHANGES: 5/17/10 — 10/15/10

Applicable Version 1.0, Serial Number 001, Version 1.1, Serial Number 002, October
Sections May 17, 2010 15, 2010
Page | States Page | States
# #
Cover page 1 Version Number: 1.0 1 Version Number: 1.1
Serial Number: 001 Serial Number: 002
Date: May 17, 2010 Date: October 15, 2010
Table of 6 6 Appendix D Amendment 1
Contents Summary of Changes 5/17/10 —
10/15/10 added
Protocol 8 Enrolled subjects will take 2 | 8 Enrolled subjects will take 1 LGG
Summary LGG capsules orally, twice a capsule orally, twice a day, for 28
day, for 28 days, as days, as outpatients.
outpatients.
Description 10 Baseline Visit box states 10 Word “Randomize” was removed
of Study “Randomize” from text in the Baseline Visit box.
Design
1. Key Roles | 12 Principal Investigator 12 Principal Investigator
50 Staniford Street, Suite Patricia L. Hibberd, MD, PhD
1054 50 Staniford Street, Suite 401
1. Key Roles | 12 Christine Botelho, MPH 12-13 | Christine Botelho, MPH
50 Staniford Street, Suite 50 Staniford Street, Suite 401
1056 Email: cbotelho@partners.org
Email: cbotelo@partners.org
1. Key Roles | 13 Statistician and Data 13 Statistician and Data Manager:
Manager: Anne-Maria Fiorino, MS
Anne-Maria Fiorino, MS 50 Staniford Street, Suite 401
50 Staniford Street, Suite
1056
1. Key Roles | 13 Study Coordinator: 13 Study Coordinator:
Irina Andreyeva Irina Andreyeva
50 Staniford Street, Suite 50 Staniford Street, Suite 401
1056
5. Study 41 41 Duplicative word “subject” was
Screening removed in first paragraph.
and
Enrollment
5.2 Subject 41 41-42 | The following text has been added:
Inclusion e Is community dwelling for the
Criteria past two years

Has received routine physical in
the past two years
Has no new chronic conditions
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in the past two years

¢ Identifies a primary care
clinician.

e Has received recommended
preventive services (Task Force
for Clinical Preventative
Services) for vaccination and
cancer prevention/detection,
e.g..

o Pneumococcal
vaccination

o Mammography

0 Screening colonoscopy
for colon cancer

5.3 Subject 42
Exclusion
Criteria

42-43

The following text has been added:

e Current or within the last 2
years, any episode of bowel
leak, acute abdomen,
diverticulitis, colitis, bloody
bowel movements or peptic
ulcer disease, including any
surgical procedure or current
prescription medications for any
of these conditions.

e Current or within the last four
weeks, active bowel disease
such as an episode of
infectious or non-infectious
diarrhea, constipation or
vomiting lasting more than 12
hours or current prescription
medications for any of these
conditions.

e Any history of gastric or
intestinal dysmotility, slowed
transit time, variable small
intestinal permeability,
pancreatitis, history of
gastrointestinal tract cancer or
metastasis or inflammatory
bowel disease or current
prescription medications for any
of these conditions

5.3 Subject 42

43

The following text was deleted:
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Exclusion e Active bowel leak, acute
Criteria abdomen, colitis or active Gl
disease or history of gastric or
intestinal dysmotility, slowed
transit time, variable small
intestinal permeability,
pancreatitis, history of
gastrointestinal tract cancer or
inflammatory bowel disease
5.3 Subject 42 e History of Hepatitis Bor | 43 e Any history of Hepatitis B or
Exclusion Hepatitis C infections, Hepatitis C infections, cirrhosis,
Criteria cirrhosis, or chronic liver or chronic liver disease
disease.
5.3 Subject 43 e Active (TB) 43 e Active tuberculosis (TB),
Exclusion defined as undergoing a work
Criteria up for suspected active TB
infection or currently on
treatment for active TB
5.4 43 44 The following text was added:
Enrollment In addition, subjects who enroll in
this study will be informed of an
optional sub study
14.2 63 Any amendments to the 64 Any amendments to the protocol
Institutional protocol which need formal which need formal approval as
Review approval as required by required by federal law will be
Board local law will be approved by approved by this committee.

this committee.
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Amendment 2 Summary of Changes: 10/16/2010- 6/6/2011

Amendment 2

Title: Open Label Study to Evaluate the Safety of Lactobacillus Rhamnosus GG ATCC 53103
(LGG) in Elderly Subjects

Version Number: 1.1

Date: June 6, 2011

The following changes are implemented in Protocol B1: Open Label Study to Evaluate the Safety
of Lactobacillus Rhamnosus GG ATCC 53103 (LGG) in Elderly Subjects. These changes re
frequency of DSMB meetings were reviewed and approved by the DSMB on 3/31/2011.
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APPENDIX D AMENDMENT 2 SUMMARY OF CHANGES: 10/16/10 — 6/6/11

Applicable Version 1.0, Serial Number 002, Version 1.1, Serial Number 003,
Sections October 15, 2010, 2010 June 6, 2011
Page # | States Page | States
#
Cover page 1 Version Number: 1.1 1 Version Number: 1.1
Serial Number: 002 Serial Number: 003
Date: October 15, 2010 Date: June 6, 2011
Table of 6 6 Appendix D Amendment 2
Contents Summary of Changes
10/15/10 — 6/6/11 added
4. Study 40 The DSMB will review the 40 The DSMB will review the
Design safety data approximately safety data approximately
every three months. every six months.
9.7 Safety 58 The DSMB will meet 58 The DSMB will meet
oversight and approximately every 3 months approximately every 6
study months.
termination
11.2 Interim 61 Interim safety data will be 61 Interim safety data will be
analysis provided to the DSMB provided to the DSMB
approximately every 3 months. approximately every 6
months.
15.2 Types of 66 Safety reports will be presented | 66 Safety reports will be

data

to the DSMB approximately
every 3 months.

presented to the DSMB
approximately every 6
months.
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