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GRAS Notice for 2’-FL Chr.HansenA/S

1.  Signed Statementsand Certification

1.1 Statement of Intent

Inaccordance withthe 21 CFR 170 Subpart E, Chr. Hansen A/S (“Chr. Hansen”) is submitting this Generally
Recognized as Safe (GRAS) Notice for their 2’-fucosyllactose (2’-FL), which is intended for use as an
ingredient in exempt infant formula for preterm infants after initial hospital discharge (hereafter referred
to as post-discharge).

Chr. Hansen’s 2’-FL is manufactured using genetically engineered Escherichia coli BL21(DE3) as a
processing aid®. The United States (U.S.) Foodand Drug Administration (FDA) has previously issued a “no
guestions” response to the conclusion that 2’-FL obtained using this production organismis GRAS for its
intended uses as an ingredient in non-exempt, milk-based term infant formula and toddler formula ata
level of 2.0g/L of formula, as consumed (GRN No. 571)2. A GRAS notice has also been filed for the use of
this ingredient in exempt hypoallergenic infant formula for term infants and hypoallergenic formula for
toddlers, which includes extensively hydrolyzed cow’s milk protein- and amino acid-based formula, ata
level of 2.0 g/L of formula as consumed (GRN No. 929). As indicated in their response letterto GRN No.
929, the FDA had “no questions” with regards to the conclusion of GRAS status for 2’-FL under these
intended uses. Although the conditions of use for 2’-FL described within GRN No. 929 initially included
exempt infant formula for preterm infants, it was agreed that a separate GRAS notice would be filed
specifically for this intended use. Chr. Hansenis hereby notifying the FDA of the GRAS conclusion for the
intended use of their 2’-FL in exempt infant formula for preterm infants, specifically preterm post-
discharge formulas.

1.2 Name and Address of Organization
Chr.HansenA/S
Boege Allé 10-12
2970 Hoersholm

Denmark

Tel: (414) 607-5700
Fax: (414) 607-5959

1.3 Name of Notified Substance

2’-Fucosyllactose (2’-FL)

1 This 2’-FL ingredient was initially developed by Jennewein Biotechnology GmbH, which was acquired by Chr. Hansen A/S in
2020. The legal entity (including the same company identification number), manufacturing premises, manufacturing processes,
quality systems and certifications all remainsthe same.

2 A GRAS notice was submitted to the FDAfor the intended uses of 2’-FL produced with genetically engineered E. coli BL21(DE3)
in cow’s milk-based, non-exempt term infant formula at an increased use level of 3.64 g/L (GRN No. 924). This GRAS notice was
subsequently withdrawn by the notifier.
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GRAS Notice for 2’-FL Chr.HansenA/S

1.4 Intended Conditions of Use

Chr. Hansen intends to use 2’-fucosyllactose (2’-FL) produced with a genetically engineered E. coli
BL21(DE3)straininexempt infant formula for preterminfants. At this point in time, 2’-FLis intended for
use only in preterm post-discharge formula at levels up to 2.0 g/L of formula, as consumed. This use level
is identical to those that have been GRAS for use in term infant formula for 2’-FL produced with the E.
coli BL21(DE3)strain, and it is expected to yield estimated intakes of 2’-FL that are comparable to those
consumed by preterm infants in the post-discharge period who are fed human breastmilk.

Breastfeeding is widely recognized as the best form of nutrition for not only term, but also preterm
infants (Arslanoglu et al., 2019; Koletzko et al., 2014; Lapillonne et al., 2019). Expressed breastmilkfrom
the mother is the first choice in preterm infant feeding, and when that is not available, donor human
milk is preferred (Arslanoglu et al., 2013; Kumar et al., 2017). If mother’s milk or donor human milk are
not available, preterm formula should be used (Arslanoglu et al., 2013; Kumar et al., 2017). Following
discharge from the hospital, infants who were born prematurely continue to be monitored to enable
adequate nutritional support and ensure proper growth (Aggett et al., 2006; Lapillonne et al., 2019).
Breastfeeding continues to be promoted post-discharge, though some preterm infants may require
additional nutritional support, such as provision of a nutrient-enriched formula for formula-fed infants if
breastfeeding is not possible (Aggett et al., 2006; Brown et al., 2020; Klein, 2002; Koletzko et al., 2014;
Tudehope et al., 2013; Young et al., 2016). Post-discharge formula typically contains nutrients at levels
that are intermediary between preterm formula and standard term formula (Klein, 2002; Tudehope et
al., 2013; Young et al., 2016).

There are ongoing efforts to develop formula products that are matched closely to that of human
breastmilk. One key compositional difference between commercialized infant formula and human
breastmilkis that the latter contains a highly abundant and unique fraction of structurally diverse glycans
known as human milk oligosaccharides (HMOs) (Bode, 2012). HMOs represent the third largest
component of breastmilk solid matter after lactose and lipids, with 2’-FL being one of the most abundant
glycans present (Castanys-Mufoz et al., 2013; Coppa et al., 2004; Soyyllmaz et al., 2021). While HMOs
represent a large component of human breastmilk, they occur only at very low concentrations in cow’s
milk, which is commonly used to formulate infant formula (Albrecht et al., 2014). Accordingly,
manufactured versions of purified HMOs have been widely commercialized as ingredients in infant
formula. A number of GRAS notices have been filed for this intended use of 2’-FL (GRN Nos. 546, 571,
650, 735,749, 852, 859, 897, 924, 929, 932, 987) and other HMO ingredients, including a mixture of 2’-
fucosyllactose and difucosyllactose (GRN No. 815), 3-fucosyllactose (GRN Nos. 925, 951), lacto-N-
tetraose (GRN Nos. 833, 923), 3’-sialyllactose sodium salt (GRN Nos. 766, 880, 921), 6'-sialyllactose
sodium salt (GRN Nos. 881, 922), and lacto-N-neotetraose (GRN Nos. 547, 659, 895, 919).

As with most term infant formula, preterm post-discharge formulas are typically formulated using cow’s
milk, and therefore do not contain HMOs. Accordingly, the addition of 2’-FL to preterm post-discharge
formula would help bring the compositional profile closer to that of human breastmilk, similar to the
intended uses of 2’-FL in term infant formula.
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GRAS Notice for 2’-FL Chr.HansenA/S

1.5  Statutory Basis for GRAS Conclusion

Pursuant to the GRAS rule [81 Fed. Reg. 159 (17 August 2016)], Chr. Hansen has concluded that the
intended use of 2’-FL in exempt preterm post-discharge infant formula, as described herein, is GRAS
through scientific procedures, in accordance with 21 CFR §170.30(a) and (b).

1.6 Premarket Approval Status

It is the view of Chr. Hansen that 2’-FL is not subject to the premarket approval requirements of the
Federal Food, Drug, and Cosmetic Act, based on our conclusion that the notified substance is GRAS under
the conditions of its intended use.

1.7 Availability of Information

The data and information that serve as the basis for the conclusionthat the intended use of Chr. Hansen's
2’-FL is GRAS will be made available to the FDA upon request. Chr. Hansenwill allow the FDA to review
and copy the data and information at the below address during customary business hours. Alternatively,
Chr. Hansen will provide the FDA with a complete copy of the data and information that are the basis for
the conclusion of the GRAS status, either in an electronic format that is accessible for the FDA’s
evaluation, or on paper.

Chr.HansenA/S
Boege Allé 10-12
2970 Hoersholm
Denmark

1.8 Freedom of Information Act

None of the data and information contained in this GRAS notice are exempt from disclosure under the
Freedom of Information Act, 5 U.S.C. 552.

1.9 Certification

To the best of our knowledge, this GRAS notice is a complete, representative, and balanced
submissionthat includes unfavorable information, as well as favorable information, known to us and
pertinent to the evaluation of the safetyand GRAS status of the intended use of 2’-FL.

1.10 FSIS Statement

Not applicable. 2’-FL is not intended for use in products subject to regulation by Food Safety and
Inspection Service (FSIS) of the United States Department of Agriculture (USDA).
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1.11 Name, Position and Signature of Responsible Person

November 9, 2021

Manki Ho, Ph.D.

Principal Regulatory Affairs Specialist
Chr.Hansen A/S
camaho@chr-hansen.com

November 9, 2021
Katharine Urbain Date
Head of Regulatory Affairs — North America
Chr. HansenA/S
uskaur@chr-hansen.com
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GRAS Notice for 2’-FL Chr.HansenA/S

2. ldentity, Method of Manufacture, Specifications, and Physical or
Technical Effect

2.1 ldentity
Common or Usual Name: 2’-Fucosyllactose (2’-FL)
Chemical Name: a-L-Fucopyranosyl-(1->2)-B-D-galactopyranosyl-(1->4)-D-
glucopyranose
CAS Number: 41263-94-9
Molecular Weight: 488.439g/mol
Molecular Formula: Cy8H3,05

Structural Formula:

2’-FL is a fucosylated, neutral trisaccharide composed of L-fucose, D-galactose, and D-glucose units. It is
one of the most prevalent oligosaccharides in human milk (Soyyillmaz et al., 2021; Urashima et al., 2012).
Chr. Hansen manufactures 2’-FL through fermentation using a genetically engineered E. coli BL21(DE3)
strainas a processing aid. The resulting ingredient is identicalto the material that has been describedin
GRN No. 571 and GRN No. 929. The identity and purity of 2'-FL produced by fermentation has been
confirmed by proton and carbon nuclear magnetic resonance spectroscopy (*H and 3C NMR), high-
performance anion exchange chromatography with pulsed amperometric detection (HPAEC/PAD), liquid
chromatography-tandem mass spectrometry (LC-MS/MS), and optical rotation analysis. Details of these
analyses are availablein GRN No. 571 and the Supplement to GRN No. 571.

In brief, the structure of 2’-FL obtained by fermentation is confirmed to be chemically and structurally
equivalent to the 2’-FL naturally present in human breastmilk. The purified spray dried powder consists
of a minimum of 90% 2'-FL on a dry weight basis. The 2’-FL powder also contains smallamounts of other
residual carbohydrates that occur naturally in human milk (lactose, difucosyllactose, 3-fucosyllactose,
fucose, glucose and galactose) (Asakuma et al., 2008; Thurl et al., 1996), as well as fucosylgalactose, an
oligosaccharide breakdown product that occurs naturally in the human body (Chester et al., 1979). These
carbohydrates are present at concentrations of <5% each.
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GRAS Notice for 2’-FL Chr.HansenA/S

2.2 Method of Manufacture

The production process for Chr. Hansen’s 2’-FL has been described in detail in GRN No. 571, with minor
modifications introduced in a Supplement to GRN No. 571 and in GRN No. 929. Information relating to
the production process for 2’-FL that were presentedin those GRAS notices is incorporated by reference
herein.

2.2.1 Production Strain

2’-FL is manufactured by fermentation using a genetically engineered strain of E. coli BL21(DE3) as a
processing aid. The parentalorganism, E. coliBL21(DE3), is a safe, non-pathogenic commensal bacterium
that is often used for the production of various industrial, pharmaceutical, and food biotechnology
preparations (see Section 6.2). The taxonomic classification of E. coli BL21(DE3) is presented in Table
2.2.1-1.

Table2.2.1-1 Taxonomic Classification ofthe Parental Organism

Domain Bacteria

Kingdom Bacteria

Phylum Proteobacteria

Class Gamma-Proteobacteria
Order Enterobacteriales

Family Enterobacteriaceae
Genus Escherichia

Species Escherichia coli

Strain Escherichia coli BL21(DE3)

Details of the modifications introduced into E. coli BL21(DE3) to allow for the production of 2’-FL are
available in GRN No. 571 and its accompanying Supplement. The production strain is modified to
increase the import of lactose, and to enhance the de novo biosynthesis of GDP-L-fucose. The GDP-L-
fucoseis usedas a substrate, along with lactose, to produce 2’-FL by a heterologous 2-fucosyltransferase.
The 2'-FL is then exported from the cell by the overexpression of a sugar efflux exporter, allowing 2'-FL
to be obtained from the culture broth. Aschematic overview of the biosynthetic pathway for 2’-FL in the
geneticallyengineered strain of E. coli BL21(DE3)is presentedin Figure 2.2.1-1.
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Figure 2.2.1-1 Outline ofthe Metabolic Pathway for 2’-Fucosyllactose Synthesis in
Genetically Engineered E. coli BL21(DE3)

A Supplement to GRN No. 571 was submitted to the FDA in 2019, to which the FDA has issued a “no
questions” letter (see Appendix A). This Supplement informed the FDA of a minor change in the
manufacturing process, specifically with respect to the production strain employed. Instead of the E. coli
BL21(DE3) #1540 strain that had been described in GRN No. 571, 2'-FL may alternatively be produced
using its parentalstrain, whichis denoted E. coliBL21(DE3) #1242 or JBT-2FLAlacZ. Strain #1242 contains
the same genetic components as strain #1540, but it lacks the ability to degrade lactose. The production
straindoes not contain plasmids or other episomal vectors and is not capable of DNA transfer to other
organisms. The E. coli BL21(DE3) #1242 production stain has been deposited at DSMZ - German
Collection of Microorganisms and Cell Cultures GmbH with the deposition number DSM 33609.

2.2.2 Manufacturing Process

Aflowchart of the manufacturing process is presentedin Figure 2.2.2-1. Batchfermentationis performed
in a minimal medium containing a simple, pure carbon source (e.g., glucose or glycerol) and the lactose
substrate. Additionally, the major constituents of the fermentation medium include ammonium
dihydrogen phosphate (NH;H,PO,), dipotassium phosphate (K,HPQ,), citric acid, potassium hydroxide
(KOH), and magnesium sulfate heptahydrate (MgSQ,-7H,0). No antibiotics or inhibitors are used during
the fermentation process.

During fermentation, 2’-FLis produced and secretedintothe culture medium. The fermentation process
continues until a certainlevel of 2’-FL is obtained. Since the production strain does not have the ability
to degrade excess lactose, a food-grade commercial lactase maybe added if excess lactose is presentin
the media. The culture supernatant containing 2'-FL is isolated from the medium and the microbial
biomass is removed via 10 kDa cross flow filtration. The filtrate is subjected to a series of cationic and
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anionic ion exchange resins toremove impurities (e.g., proteins, DNA, organic acids, and inorganic salts).
The eluent containing 2'-FL is then concentrated by evaporation and subjected to multiple purification
steps to decolorize and further remove impurities, including treatment with activated carbon,
electrodialysis, ion exchange chromatography, and ultrafiltration. Lastly, the resulting 2’-FL concentrate
is spraydried to generate powdered 2’-FL.

Figure 2.2.2-1 Production Processfor 2’-Fucosyllactose

2.2.3 Processing Aids and Food Contact Substances

All raw materials, processing aids, and food contact substances used to produce 2’-FL are the same as
those used to produce the 2’-FL that is the subject of GRN No. 571, except that cobalt chloride is no
longer used in the culture medium. All materials employed are food-grade and suitable for their use, as
described in GRN No. 571 and incorporated by reference herein.

2.2.4 Quality Program

All manufacturing is done in accordance with current good manufacturing practices (cGMP) consistent
with 21 CFR Parts 110 and 117. All Chr. Hansen plants have fully implemented HACCP plans, standard
operating procedures and quality control programs to ensure quality of the product being produced.
Each plant complies with a set of basic GMP rules, also called Pre-Requisite Program (PRP) according to
Chr. Hansen’s Quality, GMPs and Food Safety Principles, which are publicly available from our website
www.chr-hansen.com. As part of the HACCP plan, each manufacturing process has appointed an OPRP
(Operational Pre-Requisite Program) and CCPs (Critical Control Points). The OPRP and CCP’s are
documented and classified as specifically critical for the safety of food ingredients produced in the plant.
All Chr. Hansen facilities manufacturing final products maintain FSSC 22000 certification.
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2.2.5 Allergen Control

Chr. Hansen controls for all allergens listed in Regulation (EU) No 1169/2011 and the U.S. Food Allergen
Labeling and Consumer Protection Act of 2004 (FALCPA). No allergenic materials as listed in Regulation
(EU)No0 1169/2011 and FALCPA are employed in the production of Chr. Hansen’s 2’-FL, other thanlactose
from cow’s milk. Chr. Hansen communicates the allergen status of our products in accordance with these
two regulations. Allergen control is managed via our GMP and HACCP programs that are FSSC 22000
certified at all of our production sites. Allergen communication is managed via our Quality Management
and HACCP programs that are ISO 22000 certified.

2.3 Specifications and Analytical Data

To ensure that a consistent food-grade materialis produced, Chr. Hansen has established specifications
for their 2’-FL ingredient. The physical, chemical, and microbiological specifications for 2’-FL are
presentedin Table 2.3-1. The ingredient is specified to contain 290% of 2’-FL on a dry weight basis, with
small amounts of residual carbohydrate by-products, including lactose (<5%), 3-fucosyllactose (<5%),
difucosyllactose (<5%), fucosylgalactose (<3%), glucose (£3%), galactose (£3%), and fucose (<3%). Limits
are also included to ensure the absence of endotoxins, aflatoxin M1, recombinant DNA from the
production strain, heavy metals, and microbiological contaminants. For the purposes of batch testing,
the Bradford method is used to analyze for the presence of proteins, which has a limit of quantification
of <10 ug/g. As described in GRN No. 929, the absence of protein in the 2’-FL ingredient has been
demonstrated with more sensitive analytical techniques (i.e., SDS-PAGE with a limit of detection of 10

ug/kg).

Each specification parameter is measured using the same compendial and/or internally validated, fit-for-
purpose methods that were provided in GRN No. 571. Importantly, since the filing of GRN No. 571 and
the GRN No. 571 supplement, the specifications for Salmonella serovars and Cronobacter sakazakii have
been changed to absent in 25 g product and absent in 10 g of product, respectively. These limits are
considered sufficient to produce safe food ingredients. Aside from these changes, all other specification
parameters and acceptable limits remainthe same. These specifications listed inTable 2.3-1 are identical
to those presented in GRN No. 929. Data from five batches of powdered 2’-FL show that the
manufacturing process continues to reproducibly produce a product that meets the established
specifications (see Table 2.3-1).

Table2.3-1 Specifications and Batch Analysis Data for 2’-FL Powder

Parameter Analytical Specification Batch number
method 16130039'16116049' 16151039| 26108010 26120020
Physical Parameters
Appearance (Color)! Visual White to ivory- Complies | Complies | Complies | Complies | Complies
colored
Appearance (Form)?! Spray-dried powder | Complies | Complies | Complies | Complies | Complies

Chemical Parameters

2’-Fucosyllactose HPAEC- 290 % (%DW) 92.2 98.4 95.5 97.8 94.9

PAD?2
Lactose <5% (% Area) 1.1 <0.5 2.5 <0.5 <0.5
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Parameter Analytical Specification Batch number
method 16130039 16116049| 16151039 26108010( 26120020
3-Fucosyllactose <5% (% Area) <0.5 <0.5 <0.5 <0.5 <0.5
Difucosyllactose <5% (% Area) <0.5 <0.5 <0.5 <0.5 <0.5
Fucosylgalactose <3 % (% Area) <0.5 <0.5 <0.5 <0.5 <0.5
Glucose <3% (% Area) <0.5 <0.5 <0.5 <0.5 <0.5
Galactose <3% (% Area) <0.5 <0.5 <0.5 <0.5 <0.5
Fucose <3% (% Area) 0.7 <0.5 1.8 <0.5 0.7
Protein content? Nanoquant | <100 pg/g <10 <10 <10 <10 <10
(modified
Bradford)
Ash3 ASU L <0.5% <0.01 0.03 0.08 <0.01 0.08
06.00-4
Moisture? KF titration [<9.0% 5.8 5.8 6.3 6.6 5.2
Endotoxins? Ph. Eur. <300EU/g 14 <5 <5 <5 <5
2.6.14
Aflatoxin M13 DIN EN ISO | <0.025 pg/kg <0.025 <0.025 <0.025 <0.025 <0.025
14501
GMO residues® qPCR Negative Negative | Negative | Negative | Negative | Negative
Heavy Metals
Arsenic3 ASU L <0.2 mg/kg <0.05 <0.05 <0.05 <0.05 <0.05
Cadmium3 00.00-135 - < 0.1 mg/kg <0.010 [<0.010 [<0.010 |<0.010 |<0.010
Lead3 CP-MS <0.02 mg/kg <0.010 <0.010 0.020 <0.010 <0.010
Mercury3 < 0.5 mg/kg <0.005 0.007 <0.005 <0.005 <0.005
Microbiological Criteria
Standard Plate Count3 ISO 4833-2 | <10000 cfu/g <10 <10 30 20 <10
Yeast and Mold3 ISO 21527-2 | £100 cfu/g <20 <20 <20 <20 <20
Coliform 1SO 4832 Absent/11g Absent Absent Absent Absent Absent
Enterobacteriaceae3 ISO 21528-1 | Absent/11 g Absent Absent Absent Absent Absent
Salmonella3 ISO 6579 Absent/25 g Absent Absent Absent Absent Absent
Cronobacter sakazakii3 ISO/TS Absent/10g Absent Absent Absent Absent Absent
22964
Abbreviations: DW, dry weight; cfu, colony forming units; EU, endotoxin unit; KF, Karl-Fischer; GMO, genetically modified organism; HPAEC-
PAD, high performance anion exchange chromatography coupled with pulsed amperometric detection; ICP-MS, inductively coupled plasma
mass spectrometry; LOD, limit of detection; LOQ, limit of quantification; PCR, polymerase chain reaction; Ph Eur., European Pharmacopoeia.
! Determined by Chr. Hansen A/S using internally validated methods. Protein LOQ =10 pg/g.
? Carbohydrate by-products with a percent area greater than 0.5% (limit of quantitation) are considered.
3 Determined by the Institut fiir Produktqualitit GmbH, which is a DIN EN ISO/IEC 17025-accredited laboratory. Ash limit of quantitation
(LOQ) =0.01 %; arsenic limit of detection (LOD) = 0.05 mg/kg; cadmium LOD = 0.01 mg/kg; mercury LOD = 0.005 mg/kg; lead LOD = 0.01
mg/kg; aflatoxin M1 LOQ = 0.025 pg/kg.
“ Determined by Mikrobiologisches Labor. Dr. Michael Lohmeyer GmbH, which is a DIN EN 1SO/IEC 17025-accredited laboratory. Limit of
quantitation =5 EU/g.
° Determined by GeneCon International GmbH, which is a DIN EN ISO/IEC 17025-accredited laboratory. Limit of detection = 0.01% of the
finished product.
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2.4 Stability

2.4.1 Genetic Stability of the Production Strain

As detailedin GRN No. 571, to ensure genomic stability and finished product batch-to-batch consistency,
all modifications that were introduced into the genetically engineered E. coliBL21(DE3) production strain
were stablyintegrated, and the production of 2’-FL occurs in a sterile environment. Thus, the production
strain is not expected to lose its ability to produce a consistent finished product. Moreover, the
production strain is stored as glycerol stocks in a master cell bank at -80°C, which are used to produce
the working cell banks employed for the manufacture of 2’-FL.

2.4.2 Stability of 2’-FL Powder

As described in GRN No. 571, Chr. Hansen’s spraydried 2’-FL powder is stable for atleast 104 weeks (2
years)when stored at 25°C and 60% humidity, and for not less than 26 weeks (6 months) when stored at
40°C and 75% humidity in high density polyethylene (HDPE) bottles.

3. Dietary Exposure

3.1 Overview

Chr. Hansen intends to use their 2’-FL in preterm post-discharge formulas at levels up to 2.0 g/L of
formula, as consumed. This use level is identical to those that have been GRAS for use in term infant
formula for 2’-FL produced with a genetically engineered E. coli BL21(DE3) strain, and it is well within the
concentrations of 2’-FL that have been reported in human breastmilk, following either term or preterm
births, as explained in Section 3.2 below. Anestimation of the intake of 2’-FL occurring in preterm infants
post-discharge who are fed human milk is also presented in Section 3.2. The estimated daily intake of
2’-FL from its intended uses in preterm post-discharge formulas are then presented in Section 3.3.
Overall, the estimatedintakes of 2’-FL from its intended uses in preterm post-discharge formulas are not
expectedto exceed those consumed by preterminfants who are fed human milk, which help to support
the safety of its use.

3.2 History of Safe Consumption by Preterm Infants Fed Human Milk

3.2.1 Concentrations of 2’-FLin Human Milk

Total concentrations of HMOs are reported in the ranges of 20 to 25 g/L in colostrum, and up to 20 g/L
in mature human milk (Bode, 2012). Maternal geneticfactors (i.e., allelic variations in the Secretorand
Lewis genes)is a key determinant of the HMO composition of human milk, though other factors (such as
lactation stage) may also play a role (Han et al., 2021; Walsh et al., 2020). 2’-FL is one of the most
abundant oligosaccharides in human milk (Castanys-Mufioz et al., 2013; Coppa et al., 2004; Soyyillmaz et
al., 2021). It belongs tothe group of fucosylated HMOs, which constitute between 50 to 80% of the total
HMO fractionin human milk from the majority of lactating women (Bode, 2012). Approximately 80% of
women express the a-1,2-fucosyltransferase enzyme responsible for fucosylating lactose at the 2’-O-
position in the mammary gland (i.e., “secretors”), and therefore produce breastmilk containing 2’-FL
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(Castanys-Mufioz et al., 2013; EFSA NDA Panel, 2015; R. M. Erney et al., 2000; FSANZ, 2019; McGuire et
al., 2017).

Inasystematicreview conducted by Thurlet al. (2017), the mean concentration of 2’-FLin the breastmilk
of secretor mothers who delivered preterm was reported at 2.77 g/L (95% confidence limit: 0.76to 4.78
g/L), which is similar to the mean concentration of 2.74 g/L (95% confidence limit: 2.43 to 3.04 g/L)
reported for the breastmilk of secretor mothers who delivered at term (see Table 3.2.1-1). The authors
noted that: “Although the data analyses with term and preterm milks were conducted separately in this
review, no clear effects of gestational age on HMOS concentrations were found” (Thurl et al., 2017).

One recent longitudinal study compared the HMO composition of human milk at equivalent lactation
stages and postmenstrual age (Austin et al., 2019). This study involved 500 samples of milk from 28
mothers of term infants born at 37 0/7 weeks to 41 6/7 weeks gestation, and 25 mothers of preterm
infants born at 28 0/7 weeks to32 6/7 weeks gestation. Samples were collected once weekly at intervals
of 7+1 days during the first 8 weeks after both preterm and term deliveries, with additional samples
collected from mothers with preterm births at intervals of 1411 days until 16 weeks after delivery. Similar
to previous studies (Kunz et al., 2017; Thurl et al., 2017), the concentrations of HMOs in human milk was
generally comparable betweenterm and preterm groups at equivalent lactation stages (i.e., at equivalent
postpartum age). However, since HMO concentrations tend to decline over the course of lactation, at
equivalent developmental ages (i.e., postmenstrual age), the concentrations of 2’-FL in preterm milks
was reported to be significantly lower than term milks at postmenstrual age of weeks 39 to 43, and at
week 45, amongst mothers of Milk Group 1 (i.e., mothers with active FUT2 and FUT3 enzymes).
Nonetheless, the concentrations of 2’-FL in preterm milks at these postmenstrual ages, which are
presented below in Table 3.2.1-1, continue to be within the intended use level of 2 g/L for 2’-FL in
preterm post-discharge formula. For instance, the maximum values reported for 2’-FL in preterm milks
were as high as 3.6 g/L between weeks 37 to 48 postmenstrual age.

Table3.2.1-1 Concentrationof2’-FLin Human Milk of Secretor Mothers Following Preterm and Term
Births (Adapted from Austin et al., 2019)

Gestation Postmenstrual n 2’-FL Concentrations (g/L)!
Age Mean sD Median a1 Q3 Max

Preterm 30 weeks 7 2.9 1.3 3.4 2.9 3.5 4.0
31 weeks 9 2.1 1.0 2.3 2.0 2.4 3.8
32 weeks 13 2.3 1.2 2.1 1.7 3.1 4.2
33 weeks 18 2.4 1.2 2.4 1.6 2.7 5.5
34 weeks 19 2.0 0.9 1.8 1.5 2.8 3.6
35 weeks 18 1.8 0.7 1.8 1.6 2.3 3.0
36 weeks 19 1.9 0.8 1.8 1.7 2.4 3.1
37 weeks 18 1.9 0.8 1.8 1.5 2.3 3.3
38 weeks 11 2.1 0.8 2.2 1.8 2.7 3.0
39 weeks 16 1.8 0.8 1.7 1.3 2.5 3.2
40 weeks 7 2.1 0.8 1.7 1.6 2.7 3.4
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Postmenstrual n 2’-FL Concentrations (g/L)!
Age Mean ) Median a1 Q3 Max
41 weeks 12 2.0 1.0 1.9 1.4 2.5 3.6
42 weeks 6 1.8 0.8 1.5 1.4 2.5 2.9
43 weeks 10 1.6 0.8 1.7 1.2 2.1 2.8
44 weeks 5 1.7 0.8 1.5 1.3 2.1 2.7
45 weeks 9 1.4 0.7 1.4 0.9 2.1 2.2
46 weeks 6 1.8 0.9 1.7 1.3 2.5 29
47 weeks 3 1.8 0.7 2.1 1.5 2.2 2.2
48 weeks 4 1.8 1.2 1.5 13 2.0 3.5

Term 38 weeks 2 3.7 0.7 3.7 3.4 4.0 4.2
39 weeks 9 3.8 1.4 3.5 2.6 5.0 5.6
40 weeks 13 3.0 0.7 3.1 2.3 34 4.3
41 weeks 21 2.9 1.0 2.8 2.1 3.2 5.0
42 weeks 21 2.6 0.7 2.5 2.0 3.1 3.9
43 weeks 21 2.5 0.8 2.5 1.7 2.9 4.2
44 weeks 20 2.3 0.7 2.2 1.6 3.0 3.4
45 weeks 21 2.2 0.9 2.2 1.7 3.0 4.0
46 weeks 17 2.1 0.8 2.2 1.6 2.7 3.1
47 weeks 12 2.2 0.8 2.3 1.5 2.9 3.1
48 weeks 6 2.6 0.7 2.8 2.3 3.0 3.2

Abbreviations: SD, standard deviation; Q1, quartile 1 (25t percentile); Q3, quartile 3 (75t percentile).

1 Adapted from Supplementary Table 4 of Austin et al., (2019).

3.2.2 Estimated Daily Intakeof 2’-FLin Preterm Infants Receiving Human Milk

A number of authoritative guidelines have been published on the nutrient requirements of preterm
infants, which include estimations of the fluid volumes consumed on a daily basis. For instance, the
European Society for Paediatric Gastroenterology Hepatology and Nutrition (ESPGHAN) considers 200
mL/kg body weight (bw)/day to be a “reasonable upper limit” of fluid intake, and 135 ml/kg body
weight/day to be the minimum volume, for the enteralintake of stable-growing preterminfants up toa
weight of 1,800 g (Agostoniet al., 2010). ESPGHAN further noted that: “For routine feeding, rates of 150
to 180 mL-kg*-day-! nutrient intake when standard formula or fortified breast milk is used are likely to
achieve meeting nutrient requirements” (Agostoni et al., 2010). Likewise, an ad hoc Expert Panel
convened by the Life Sciences Research Office of the American Society for Nutritional Sciences under
contract with the U.S. FDA based their recommendations for the nutrient content of preterm infant
formula assuming fluid intakes of 150 mL/kg bw/day (Klein, 2002).

The recommendations in these guidelines are consistent with the levels of human milk intakes that have
been reported for preterm and terminfantsin the literature. Arecentcomprehensive review evaluated
publications measuring human milk intake in term infants (28 studies) and preterm infants (7 studies)
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(Yeung etal., 2020). Meandaily weight-normalized human milk intake was reportedto increase starting
from birth, reaching a maximum of 152.6 mL/kg bw/day at 19.7 days of postnatal age and then declining
thereafter. On a body weight-normalized basis, the study authors noted that preterm infants do not
present a substantial difference in feeding volume trajectories across ages when compared with term
infants. Similarly, in a study of preterm infants in the post-discharge period, the mean volume of intake
was reported at 190 mL/kg bw/day at an age equivalent to term birth (i.e., 40 weeks after the last
menstrual period), and gradually declining to 103 mL/kg bw/day by 9 months corrected age (Carver et
al., 2001).

Based on these estimates of milk consumption volumes, and the concentrations of 2’-FL that have been
reported in human milk (see Section 3.2.1 above), an estimation of the intakes to 2’-FL can be derived
for preterminfants, as summarizedin Table 3.2.2-1. For comparison, the estimated intake of 2’-FL from
human milk for terminfants that had been derived by the EFSA NDA Panel (EFSA NDA Panel, 2019), which
were calculated using higher concentrations of 2’-FL, is summarizedin Table 3.2.2-2.

Table3.2.2-1 Estimated Daily Intake of 2’-FL from Human Milk by Preterm Infants

[ Volume of MilkIntake | Concentration of 2’-FL in Human Milk! | Estimated Daily Intake of 2’-FL from Human Milk
135 mL/kg bw/day Mean: 2.77 g/L 374 mg/kg bw/day
High: 3.6g/L 486 mg/kg bw/day
150 mL/kg bw/day Mean: 2.77 g/L 416 mg/kg bw/day
High: 3.6g/L 540 mg/kg bw/day
200 mL/kg bw/day Mean: 2.77 g/L 554 mg/kg bw/day
High: 3.6 g/L 720 mg/kg bw/day
Abbreviation(s): bw, body weight.
1The meanlevel (2.77 g/L) isthe value derived by Thurl et al. (2017) for preterm milk. The high level (3.6 g/L) represents
the maximum concentration of 2’-FL detected in preterm milk at postmenstrual age of 41 weeks, as reported by Austin et
al. (2019).

Table3.2.2-2  Estimated Daily Intake of 2’-FL from Human Milk by Term Infants, as Derived by the

EFSA NDA Panel
[ Volume of Fluid Intake! | Concentration of 2’-FL in Human Milk2 | Estimated Daily Intakes to 2’-FL from Human Milk3
800 mL/day Mean: 2.38g/L 284 mg/kg bw/day
High: 4.78 g/L 571 mg/kg bw/day
1,200 mL/day Mean: 2.38g/L 426 mg/kg bw/day
High: 4.78 g/L 856 mg/kg bw/day

Abbreviation(s): bw, body weight.

LIn their Scientific Opinion on the nutrient requirements for infants and young children, the EFSA NDA Panel considers the
average volume of breastmilk consumed to be 800 mL/day with an upper bound of 1,200 mL/day (EFSA NDA Panel, 2013).
2The EFSA NDA Panel used the 2’-FL concentrationsin human milk that had been reported in Erney et al. (2001).

3 Derived by the EFSA NDA Panel based on the assumption of 6.7 kg bw.
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33 Estimated Daily Intakes of 2’-FL from its Intended Uses

3.3.1 Exclusively Formula-Fed Infants

Similar to formula for terminfants, preterm post-discharge formula provides the sole source of nutrition
for exclusively formula-fed infants, and therefore will provide the only source of supplemental 2’-FL in
the diet until complementary foods are introduced. In infants receiving a combination of human milk
and formula, the overall intake to 2’-FL is expected to remain comparable to those receiving formula only
(or alternatively, human milk only), given that the intended use level of 2.0 g/L reflects the range of 2'-
FL concentrations normally found in breast milk (see Section 3.2).

A conservative estimate of the mean and high (95t percentile) consumption levels of infant formula has
been derived as 200 mL/kg bw/day and 260 mL/kg bw/day, respectively, by the European Food Safety
Authority (EFSA) Scientific Committee (EFSA Scientific Committee et al., 2017). The high consumption
value of 260 mL/kg bw/day is considered appropriate for use in the risk assessment of substances which
do not accumulate in the body that are present in foods intended for infants below 16 weeks of age,
including preterm infants on enteral (formula) feeding (EFSA Scientific Committee et al., 2017). Similar
estimations on the volume of formula consumed daily on a body weight basis have also been employed
by the Joint FAO/WHO Expert Committee on Food Additives (JECFA) for the risk assessment of substances
for use in infant formulas (including formulas for special medical purposes intended for infants), such as
pectin and octenyl succinic acid (OSA)-modified starch, as examples (Constable etal., 2017; JECFA, 2015,
2017).

The estimated daily intake for 2’-FL from its intended use in preterm post-discharge formula, based on
accepted estimations of formula intakes, is presented in Table 3.3.1-1. It is notable that the mean and
high levels of formula intakes derived by EFSA are considered to be conservative estimates. Inpractice,
a more realistic intake volume for preterm post-discharge formula is expected to be 150 mL/kg bw/day.
Across all exposure scenarios, the estimated daily intake of 2’-FL from its intended uses in post-discharge
formula (i.e., up to 520 mg/kg bw/day) remain within those of infants (both preterm and term) fed
human milk, as described above in Section 3.2.2.

Table3.3.1-1 Estimated Daily Intake to 2’-FL in Formula-Fed Preterm Infants Post-Discharge

Maximum Use Level for __Estimated Consumption Volumes of Estimated Daily Intake to 2’-FL from its Intended
2’-FL Preterm Post-Discharge Formula Uses in Preterm Post-Discharge Formula
2.0g/L 150 mL/kg bw/day? 300 mg/kg bw/day

200 mL/kg bw/day? 400 mg/kg bw/day

260 mL/kg bw/day? 520 mg/kg bw/day

Abbreviation(s): bw, body weight.

1Representsthe typical level of formulaintake that have been reported (WHO, 2009).

2Representsthe mean (200 mL/kg bw/day) and high (260 mL/kg bw/day) consumption levels of infant formula considered
appropriate for use in the risk assessment of substances presentinfoods intended forinfants below 16 weeks of age,
including preterm infants on enteral (formula) feeding (EFSA Scientific Committeeetal., 2017).
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3.3.2 Combined Intakes from GRAS Uses of 2’-FL in Other Food Products

Many authoritative guidelines recommend exclusive breastfeeding for the first six months of age and
continued breastfeeding withcomplementary foods up to twoyears of age (Eidelman & Schanler, 2012;
Kramer & Kakuma, 2012; Pound et al., 2012; WHO, 2021). In cases where breastfeeding is not possible,
infant formula is considered a suitable alternative. For formula-fed preterm infants, switching to a
standard term formula is typically recommended once they have reached their birth centile (i.e., after
catch-up has been attained) (Kumar et al., 2017). Itis possible that infants may continue to consume the
nutrient-enriched preterm post-discharge formula even upon the introduction of complementary foods.
In such case, the intended uses of Chr. Hansen’s 2’-FL in preterm post-discharge formula is considered
substitutional to the existing uses of 2’-FL in term infant formula, which is GRAS at up to 2.4 g/L in the
U.S. Thus, no materialincreasein dietary exposure is expected, and the estimated daily intake of 2’-FL
from its intended uses in preterm post-discharge formula, amongst infants who may consume 2’-FL from
other current food uses in the U.S., is expected to be within those estimated previously for term infants
age up to 12 months of age.

Table3.3.2-1 Estimated Daily Intake of 2’-FL in Infants fromits Intended Uses Described in GRAS
Notices Issued “No Questions” Responses by the U.S. FDA
GRN Intended Uses of 2’-FL1.2 Method of 90th Percentile EDI for Infants ( 12
No. Exposure Months of Age) and Toddlers
Infant Formula Other Foods Assessment | o/gay mg/kg bw/day
929 Exempt hypoallergenic IF | Hypoallergenictoddler | NHANES Oto5 mo:2.6 0to5 mo:403
for term infants at 2.0 formula at 2.0 g/L. 2015-20163 [ 6to011 mo: 2.9 6to11mo: 320
gL 12to35mo: 1.4 12to35 mo: 130
897 Non-exempt IF for term Toddler formulas at 2.4 | Exposure IbR from GRN No. IbR from GRN No.
infants at 2.4 g/L. g/L; infant and toddler assessment 749 749
foods at 12 g/kg; and for infants
toddlerdrinksat 1.2 g/L. | and toddlers
Also includesother was |IbR
conventional foodsand from GRN
enteral formulas (211 No. 749
years old)at 1.2 to 40
g/ke.
852 Non-exempt IF for term Toddler formulas at 2.4 IbR from IbR from GRN No. IbR from GRN No.
infants at 2.4 g/L. g/L; infant and toddler GRN No. 735 | 735 735
foods at levelsranging
from 0.24t0 1.2
g/serving. Also includes
other conventional
foods at levelsranging
from 0.28t0 1.2
g/serving.

Page |16




GRAS Notice for 2’-FL

Chr.HansenA/S

foods, and other
conventional foods at
levels ranging from
0.084 t0 2.04 g/serving.

GRN Intended Uses of 2’-FL1.2 Method of 90th Percentile EDI for Infants (12
No. Exposure Months of Age) and Toddlers
Assessment | g/day | mg/kg bw/day
749 Non-exempt IF for term Toddler formulas at 2.4 NHANES ED! from all intended uses (IF, infant and
infants at 2.4 g/L. g/L; infant and toddler 2009-2010, toddler foods, toddler drinks)
foods at 12 g/kg; and 2011-2012 0to6 mo:5.29 0to6 mo: 712
toddlerdrinksat 1.2 g/L.
7to12 mo: 8.36 7to12 mo: 987
13to36 mo: 1.97 13to36 mo: 146
EDI from IF only
0to6 mo:2.91 Oto6 mo:536
7to12 mo: 2.63 7to12 mo: 296
1to3 years: 1.414 1to3 years: 1174
735 Non-exempt IF for term Toddler formulas at 2.4 NHANES EDI from all intended uses (including
infants at 2.4 g/L. g/L; infant and toddler 2013-2014 foods for the general population)
foods at levelsranging 0to 5 mo: 3.00 0to5 mo: 532
from 0.24t0 1.2 6to11 mo: 3.86 6to11 mo: 447
g/serving. Also includes
other conventional 12to 35 mo: 2.97 12to35 mo: 243
foods at levelsranging EDI from IF only
from 0.28to 1.2
. 0to5 mo:2.884 0to5 mo: 4984
g/serving.
6to11 mo: 2.56 6to1l1lmo: 311
12to35mo: 1.144 12 to35mo: 1014
650 Non-exempt IF for term Toddler formulas at 2.4 Exposure IbR from GRN No. IbR from GRN No.
infants at 2.4 g/L. g/L; infant and toddler assessment 546 546
foods, and other for infants
conventional foods at and toddlers
levels ranging from was IbR
0.084t02.04 g/serving. | from GRN
No. 546
571 Non-exempt IF for term Toddler formulas at 2.0 NHANES 0to5 mo:2.5 NR
infants at 2.0 g/L. g/L. 2009-2010 6to1lmo: 2.2 NR
12to35mo: 2.0 NR
546 Non-exempt IF for term Toddler formulas at 2.4 NHANES EDI from IF and intended food uses
infants at 2.4 g/L. g/L; infant and toddler 2009-2010 0to6 mo:5.29 0to6 mo:712

7to12 mo: 8.36

7to12 mo: 987

1to 3 years: 2.59

1to 3 years: 200

EDI from IF only

0to6 mo:2.91

0to6 mo:536

7to12 mo: 2.63

7to12 mo: 296

1to3 years: 1.414

1to3 years: 1174

4Value may not be statistically reliable due to small sample size.

Abbreviations: bw, body weight; EDI, estimated dietary intake; IbR, incorporated by reference; IF, infant formula; mo,
months; NR, not reported.

1GRAS noticesfor 2’-FL which were withdrawn by the notifier, or for which FDA’s response is still pending, are not listed in
thistable.

2The maximum intended use levels are listed here.
3 Reflects cumulative exposure from both intended and current uses of 2’-FL in foods, excluding dairy-based foods, that
may be consumed by infants and toddlers consuming hypoallergenic formula.
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4.  Self-Limiting Levels of Use

This Part is not applicable. The intended use of 2’-FLis not self-limiting.

5.  Experience Based on Common Use in Food Before 1958

Although there is a history of safe consumption for 2’-FL by infants, including preterm infants, from its
presence in human milk, the statutory basis for the conclusion of GRAS status for the intended use of 2’-
FL in exempt infant formula for preterm infants (specifically post-discharge) is based on scientific
procedures, and not common use in food before 1958.

6.  Safety Narrative

6.1 Introduction

Breastmilkis widely recognized as the optimal form of nutrition for all infants, including preterminfants
(Arslanoglu et al., 2019; Eidelman & Schanler, 2012; Koletzko et al., 2014; Lapillonne et al., 2019).
“Preterm” is commonly defined as infants who are born at <37 weeks gestational age (Stewart & Barfield,
2019). Terminologies have been adopted to further subcategorize preterm infants according to their
gestational age, including “extremely preterm” (less than 28 weeks), “very preterm” (28 to 32 weeks),
“moderately preterm” (32 to 34 weeks), and “late preterm” (34 to 37 weeks) (Lapillonne et al., 2019;
WHO, 2018). In the U.S., approximately 10% of all live births are preterm (Stewart & Barfield, 2019).
Late preterm infants account for approximately 70% of these preterm births, while the other 3
subcategories eachrepresent approximately 10% (Stewart & Barfield, 2019).

Preterm infants, especially those who are extremely preterm and very preterm, may accumulate
significant energy, protein, mineral or other nutrient deficits during their initial hospital stay and they
may be growth-restricted at discharge relative to gestational age-matched term infants (Aggett et al.,
2006; Tudehope et al., 2013; Young et al., 2016). In a ESPGHAN position paper on the post-discharge
feeding of preterminfants (Aggett et al., 2006), it was recommended that infants discharged home with
a normal weight for post-conceptional age are not at increased risk of long-term growth failure, and
could be fed similarly to term infants of similar gestational age, being breastfed when possible. On the
other hand, infants discharged with a subnormal weight for postconceptional age are at increased risk
of suboptimal growth. Breastfeeding or fortified human milk should be promoted, and if formula-fed,
infants should receive a special nutrient-enriched post-discharge formula (Aggett et al., 2006). Ina more
recent ESPGHAN position paper on the feeding of late and moderately preterm infants specifically,
human milk continues to be strongly endorsed as the preferred method of feeding (Lapillonne et al,,
2019). The American Academy of Family Physicians also recommends that nutrient fortification of breast
milk or enriched formula should be consideredin premature infants who are less thanthe 10th percentile
in weight for corrected age (Gauer et al., 2014).
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Preterm post-discharge formulas are considered intermediary products with nutritional compositions
thatare between those of preterm formula typically given in hospitals, and standard formulas available
for term infants. They are generallyenriched in energy (72 to 74 kcal/100 mL) and protein (1.8 to 2.08
g/100 mL) when compared to a standard terminfant formula, which has a typical energy content of 66
to 68 kcal/100 mL and protein concentrations of approximately 1.4 to 1.7 g/100 mL. Preterm post-
discharge formulas mayalso be enriched with vitamins, minerals, and trace elements when comparedto
a standardterminfant formula. While the macro-and micronutrient content of formula products canbe
readily set tomatch typical concentrations in breastmilk, and adjusted accordingly to meet the additional
nutritional demands of a preterminfants, there are other unique components in breastmilkthat are not
present in commercial preterm post-discharge formulas. One notable compositional difference is that
formula products, which are largely cow milk-based, do not contain the fraction of structurally diverse
HMOs that are present in breastmilk (Bode, 2012). As discussed in Section 3.2.1 above, 2’-FL is one of
the most abundant HMOs in the majority of mothers’ breastmilk (Castanys-Mufioz et al., 2013; Coppa et
al., 2004; Soyyilmaz et al., 2021). Manufactured 2’-FL preparations already have GRAS status for use in
non-exempt term infant formula, at levels ranging from 2.0to 2.4 g/L, as consumed (GRN Nos. 546, 571,
650, 735, 749, 852, 859, 897, 924, 932, 987). Chr. Hansen’s 2’-FL is also GRAS for use in exempt
hypoallergenic formula for term infants and in hypoallergenic toddler formula at up to 2.0 g/L, as
consumed (GRN No. 929).

Considering that breastfeeding is strongly endorsed as the preferred method of feeding across all infant
groups, there is a history of safe consumption of 2’-FL by both term and preterm infants alike. As
described in Section 3.0, the intended use level of 2’-FL in preterm post-discharge formula (2.0 g/L, as
consumed) is comparable to the concentration of 2’-FL reported in breastmilk, and accordingly, is
expectedtoresultin similar levels of intakes as those ingested by preterminfants who are fed breastmilk
post-discharge. Inadditiontothe history of safe consumption, the safety of 2’-FL has been demonstrated
by an extensive dataset of preclinical toxicology studies and human clinical studies. These studies have
been described in detail in previous GRAS notices for 2’-FL (GRN Nos. 546, 571, 650, 735, 749, 852, 859,
897, 924, 929, 932, 987), and are incorporated by reference in the sections below. To identify other
publications pertinent to the evaluation of the intended uses of 2’-FL that have been published since
these previous GRAS notices, a literature search was conducted up to October 2021.

The intended uses of 2’-FL in preterm post-discharge formula can be considered comparable to its
existing uses in terminfant formula. In addition to the numerous clinical studies conducted with 2’-FL in
infant formula, recent clinical data indicate that 2’-FL supplementation is safe and supported normal
growth in preterm infants even within a hospital setting (27 to 33 weeks gestation with birth weight
<1700 g) (see Section 6.5.1). Thus, formulas containing 2’-FL are expected to be tolerated by stable
preterminfants who have been discharged from the hospital, similar to healthy terminfants.

6.2  Safety of the Production Strain

The safety of the host organism, E. coli BL21(DE3), is thoroughly summarized in GRN No. 571, which
received a “no questions” letter from the U.S. FDA. In brief, E. coliare commensal residents of the gut
microflora of humans and numerous animal species. E. coli strains are taxonomically grouped into 5
different phylogroups (A, B1, B2, D, and E) based on the sequence similarity of housekeeping genes
(Archer et al., 2011). Human commensal strains are typically found in Group A or B1, with non-related
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pathogenicstrains classified under Group B2, D, andE. Three group A laboratory strains as well as strains
K-12, B, C, and their derivatives are designated as Risk Group 1 organisms according to their relative
pathogenicity for healthy adult humans (Archer et al., 2011; Daegelen et al., 2009). Under current
National Institutes for Health (NIH) guidelines for research involving recombinant or synthetic nucleic
acid molecules, Risk Group 1 organisms “are not associated with disease in healthy adult humans”
(National Institutes of Health, 2019). Of these strains, E. coli K-12 and the B derivatives (e.g., BL21)are
among the most widely used for production of industrial, pharmaceutical, and food biotechnology
preparations.

Given the widespreaduse of E. coli BL21(DE3)in various biotechnology applications, its use as the host
strain for the manufacture of Chr. Hansen’s 2’-FL are not expected to pose any safety concerns. It should
also be noted that the 2’-FL production strain (JBT-2FLAlacZ) was engineered with genes with known
function, which do not confer toxicogenicity or virulence. Thus, JBT-2FLAlacZ is non-toxigenic, not
capable of DNA transfer to other organisms, and has the same virulence profile as E. coli BL21(DE3).
Additionally, as described in Section 2.2, the production organism is removed through a series of
purification steps employed during the manufacturing process of 2’-FL.

6.3  Absorption, Distribution, Metabolism, Excretion (ADME)

6.3.1 HMOs as Non-Digestible Carbohydrates

The ADME of HMOs has been extensively summarizedin previous GRAS notices for 2’-FL (GRN Nos. 546,
571, 650, 735, 749, 852, 859, 897, 924, 929, 932, 987), and evaluations for 2’-FL published by worldwide
authoritative bodies, such as EFSA (EFSA NDA Panel, 2015, 2019), and Food Standards Australia New
Zealand (FSANZ) (FSANZ, 2021).

Itis well establishedthat HMOs, including 2’-FL, are recognized as non-digestible carbohydrates that are
highly resistant to digestive enzymes and do not undergo any significant digestion in the upper
gastrointestinal tract. In vitro studies have shown that HMOs are minimally digested when incubated
with digestive enzyme preparations or intestinal brush border membranes (Engfer et al., 2000; Gnoth et
al.,, 2000). In vitro experiments have also mechanistically examined whether HMOs are capable of
crossing the epithelium of the smallintestines. Using Caco-2 humanintestinal epithelial cells, it has been
suggestedthat neutral HMOs can be transported across the intestinal epithelium by receptor-mediated
transcytosis as well as by paracellular transport, whereas acidic HMOs are absorbed via the non-specific
paracellular transport only (Gnoth et al., 2001). Nonetheless, in vivo studies among infants and in
rodents have reported that 1 to 2% of the total amount of ingested HMO is excreted unchanged in the
urine, and that unabsorbed oligosaccharides pass through the gastrointestinal tract where it is either
fermented by the resident microbiota or excreted unchanged in the feces (Brand-Miller et al., 1998;
Chaturvedi et al., 2001; Coppa et al., 2001; Dotz et al., 2014; Goehring et al., 2014; Kuntz et al., 2019;
Marriage et al., 2015; Obermeier et al., 1999; Rudloff et al., 1996, 2012; Ruhaak et al., 2014; Vazquez et
al., 2017). Similar to term infants, detection of HMOs in urine and fecal samples of preterm infants
generally correlates with the presence of these compounds in the dietary source (breastmilk, formula)
(Albrecht et al., 2011; De Leoz et al., 2013; Rudloff et al., 1996; Underwood et al., 2015).
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6.3.2 Developmental Processes

Anatomical development of the gastrointestinaltractis largely complete by 20 weeks of gestation, with
further functional and biochemical maturations taking place throughout the third trimester and beyond
(EFSA Scientific Committee et al., 2017; Fanaro, 2013; Henderickx et al., 2019). One important
development that needs to take place in preterm infants after birth is the maturation of the
gastrointestinal barrier. It has been suggested that immaturity of the intestinal epithelial barrier, along
with an underdeveloped immune system and altered gut microflora, increase the hospitalized preterm
infant’s susceptibility to conditions such as necrotizing enterocolitis and sepsis (Halpern & Denning, 2015;
Henderickx et al., 2019; VanBelkum et al., 2020).

Although preterminfants may have a “leaky gut” at birth, intestinal permeability progressively decreases
during the first weeks of life as the intestinal barrier develops (Beach et al., 1982; Ma et al., 2018; Rouwet
etal., 2002; Saleem et al., 2017; Shulman et al., 1998; Taylor et al., 2009; Van Elburg et al., 2003; Weaver
et al., 1984; Westerbeek et al., 2011). Preterm and term infants also share typical immune system
development patterns, which differ at birth, but quickly converge after birth. Inan analysis of termand
preterm infant immune cell populations by mass cytometry and immunoassays, Olin and colleagues
characterizedimmune system development (Olin et al., 2018). Preterm infant immune cell population
changes during the first weeks of life begins the process to a shared trajectory ofimmune system changes
with term infants. Plasma protein changes contributed to preterm and term immune system
convergence, especially changes in leptin and IL-8, which converged during the first month of life.
Preterm and term infant immune system development converged by 3 months of age as evidenced
primarily by changes in preterm infant neutrophil and naive CD4+ T cell frequencies. Moreover, Grier
and colleagues observed that although T cell phenotype and function clustered separately in preterm
versus term infants at birth, they converged at 40 weeks postmenstrual age and were fully overlapping
by 12 months corrected age (Callahanet al., 2021; Grier et al., 2020). Thus, while it is known that preterm
infants’ immune systems are immature at birth, their immune system matures rapidly postnatally to be
more like that of term infants.

The benefits of breastmilk for all infants, including preterm infants, have been well recognized. Human
milk, including the HMO component, is believed to play animportant role in infant development (Granger
et al., 2021; Hill et al., 2021; Vizzarietal., 2021). Itshould be highlighted that the intended use level for
2’-FL in preterm post-discharge formula will provide comparable levels of 2’-FL intake as preterminfants
consuming human milk, and that these formula products will be consumed by stable infants who have
met the criteria for hospital discharge, such as the ability to take feedings by mouth, along with other
indices of functional maturationand physiologic stability (Jefferies et al., 2014; Stewart & Barfield, 2019;
Whyte et al., 2010; Ziegler, 2019). Clinical data have also suggested supplementation with 2’-FL, or other
non-digestible carbohydrates such as GOS and FOS, are safe and well-tolerated by preterm infants
(Section 6.5).
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6.4 Preclinical Studies

6.4.1 Overview

A number of preclinical toxicology studies have been conducted with Chr. Hansen’s 2’-FL, including the
standard battery of mutagenicity/genotoxicity assays, as well as repeated-dose animal studies. These
studies have been described in detail in the previous GRAS notices (GRN No. 571 and GRN No. 929), and
they are incorporated by reference herein. Furthermore, purified preparations of 2’-FL produced by
other manufacturers, either by microbial fermentation with a genetically modified strain of E. coli K12 or
chemical/enzymatic synthesis, have been extensively evaluated in toxicological studies. These studies
have alsobeen describedin previous GRAS notices, and their key results are summarizedinTables 6.4.1-
1 and 6.4.1-2 below. No evidence of genotoxicity/mutagenicity were observed across these studies, and
no adverse effects have been observed in multiple sub-chronic (90-day) oral toxicity studies conducted
in rats, including neonatal rats starting from postnatal day 7. The no-observed-adverse-effect level
(NOAEL) was concluded to range from 5.0 to~7.5 g/kg bw/day.

For the risk assessment of food substances intended for consumption by infants, the physiological
development of the gastrointestinaltract of neonatal piglets are considered to be more similar to those
of humans, and thus may be a more appropriate model (Constable et al., 2017; EFSA Scientific Committee
et al., 2017). Chr.Hansen’s 2’-FL has been evaluatedin 2 neonatal piglet studies, either on its own or as
a mixture in combination with other HMOs (LNT, 3-FL, 3’-SL, 6’-SL) (Hanlon, 2020; Hanlon & Thorsrud,
2014). Given the pertinence of these studies in supporting the intended uses of 2’-FLin infants, they are
described furtherin Section 6.4.2 below.

Table6.4.1-1 Summary of Genotoxicity Assays Conducted with 2’-FL

Reference Test Method of Manufacturer | Study Type Conclusions GRAS
Substance Manufacture Notice?
(Coulet et 2’-FL Chemical Glycom A/S Bacterial reverse Not mutagenic 546
al., 2014) synthesis mutation test (OECD-
compliant)
In vitro mammalian cell | Not mutagenic 546
gene mutation assay
(OECD-compliant)
Unpublished | 2’-FL Fermentation | Chr.Hansen? Bacterial reverse Not mutagenic 571
data in GRN mutation test (OECD)
No. 571 In vivo micronucleus Not genotoxic 571
(Appendix test in rats (OECD)
M1, M2)
Unpublished | 2’-FL Fermentation | Glycom A/S Bacterial reverse Not mutagenic 650
(Verspeek- mutation test (OECD)
Rip, 2015)
Unpublished | 2’-FL Chemical Glycom A/S In vitro micronucleus Not clastogenic or 650
(Verbaan, synthesis test (OECD) aneugenic
2015a)
Unpublished | 2’-FL Fermentation | Glycom A/S In vitro micronucleus Not clastogenic or 650
(Verbaan, test (OECD) aneugenic
2015b)
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Reference Test Method of Manufacturer | Study Type Conclusions GRAS
Substance Manufacture Notice?
(Van Berlo 2’-FL Fermentation | Friesland Bacterial reverse Not mutagenic 735
etal.,, 2018) Campina mutation test (OECD)
Domo In vitro micronucleus Not clastogenic or 735
test (OECD) aneugenic
(Phipps et 2’-FLand Fermentation | Glycom A/S Bacterial reverse Not mutagenic 815
al., 2018) DFL mutation test (OECD)
mixture In vitro micronucleus Not mutagenic 815
test (OECD)
(Parschat et 2’-FL, 3-FL, Fermentation | Chr. Hansen2 Bacterial reverse Not mutagenic 921
al., 2020) LNT, 3’-SL, mutation test (OECD)
and 6’-SL In vitro micronucleus Not clastogenic or 921
mixture test (OECD) aneugenic
Unpublished | 2’-FL Fermentation | Advanced Bacterial reverse Not mutagenic 932
(Case and Protein mutation test
Yoon, 2020) Technologies | Invitro chromosome Not clastogenic or
Corp. aberration test aneugenic
In vivo micronucleus Not genotoxic
testin mice
Abbreviations: 2’-FL, 2’-fucosyllactose; 3-FL, 3-fucosyllactose; 3’-SL, 3’-sialyllactose; 6’-SL, 6’-sialyllactose; DFL,
difucosyllactose; LNT, lacto-N-tetraose.
1The GRAS notice in which the study was first described islisted here.
2 previously known as Jennewein Biotechnology, GmBH.
Table6.4.1-2 Animal Toxicity Studies Conducted with 2’-FL
Reference Test Method of Manufacturer | Study Type NOAEL GRAS
Substance Manufacture Notice?
Rodent Studies
(Coulet et 2’-FL Chemical Glycom A/S 14-day DRF study in rats 5 g/kg bw/day 546
al., 2014) synthesis 90-day oral toxicity study
in neonatal rats (adapted
OECD method)
Unpublished | 2’-FL Fermentation | Chr.Hansen? 7-day pilot tolerance 7.6 g/kg bw/day 571
data in GRN study in rats (males); 8.72 g/kg
No. 571 90-day dietary toxicity bw/day (females)
(Appendix study in rats (OECD-
M3) compliant)
Unpublished | 2’-FL Fermentation | Glycom A/S 90-day oral toxicity study | 5 g/kg bw/day 650
(Penard, in neonatal rats (adapted
2015) OECD method)
(Van Berlo 2’-FL Fermentation | Friesland 90-day dietary toxicity 7.25 g/kg bw/day | 735
etal.,, 2018) Campina study in rats (OECD- (males); 7.76 g/kg
Domo compliant) bw/day (females)
Unpublished | 2’-FL and Fermentation | Glycom A/S 14-day DRF study in rats 5 g/kg bw/day 815
(Flaxmer, DFL mixture
2017)
(Phippset 2’-FLand Fermentation | Glycom A/S 90-day oral toxicity study | 5 g/kg bw/day
al., 2018) DFL mixture in neonatal rats (adapted
OECD method)
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Reference Test Method of Manufacturer | Study Type NOAEL GRAS

Substance Manufacture Notice?
(Parschat et | 2’-FL, 3-FL, Fermentation | Chr.Hansen? 7-day pilot tolerance 5.67 g/kg bw/day | 921
al., 2020) LNT, 3’-SL, study in rats (males); 6.97 g/kg

and 6’-SL 90-day dietary toxicity bw/day

mixture study in rats (OECD- (females)?

compliant)
Unpublished | 2’-FL Fermentation | Advanced Acute oral toxicity study LDso>7.5g/kg bw | 932
(Case and Protein inrats
Yoon, 2020) Technologies | 90-day oral toxicity study | 7.5 g/kg bw/day
Corp. in rats (OECD-compliant)
Neonatal Piglet Tolerance Studies
(Hanlon & 2’-FL Fermentation | Chr.Hansen? 21-day neonatal piglet 2g/L of 2’-FLin 571
Thorsrud, tolerance study milk replacer
2014) (~0.29 g/kg
bw/day)

(Hanlon, 2'-FL, 3-FL, Fermentation | Chr.Hansen? 21-day neonatal piglet 8 g/L of total 921
2020) LNT, 3’-SL, tolerance study HMOs in milk

and 6’-SL replacer (~3.6

mixture g/kg bw/day)*
Abbreviations: 2’-FL, 2’-fucosyllactose; 3-FL, 3-fucosyllactose; 3’-SL, 3’-sialyllactose; 6’-SL, 6’-sialyllactose; bw = body
weight; DFL, difucosyllactose; DRF, dose-range finding study; HMOs, human milk oligosaccharides; LDso, median lethal
dose; LNT, lacto-N-tetraose; NOAEL = no-observed-adverse-effect level.
1The GRAS notice in which the study was first described is listed here.
2Previously known as Jennewein Biotechnology, GmBH.
3The HMO mixture used in this study contained 47.1% 2’-FL by dry weight. Therefore, the NOAEL correspondsto 2’-FL
intakes of 2.67 g/kg bw/day in malesand 3.28 g/kg bw/day in females.
4The HMO mixture used in thisstudy contained 49.1% 2’-FL by dry weight. Therefore, the HMO mixture provided ~3.9 g/L
of 2’-FL, and the NOAEL correspondsto 2’-FL intakes of approximately 1.8 g/kg bw/day in males and females.

6.4.2 Tolerance Studies in Neonatal Piglets
6.4.2.1 Administration of 2’-FL (Hanlon & Thorsrud, 2014)

Details of this study have been presented in GRN No. 571 (pg. 31 and 32) and are incorporated by
reference herein. In brief, a total of 27 male and 21 female Yorkshire piglets were administered a
standard milk replacer (ProNurse® Specialty Milk Replacer), or the same milk replacer supplemented
with 2’-FL at 200 mg, 500 mg or 2000 mg/L, starting from 2 days after birth for 21 days (Hanlon &
Thorsrud, 2014).

All piglets survived to scheduled necropsy on Day22. There were no reported dose-responsive adverse
clinical findings during the dosing period. Both male and female piglets showed good growth based on
body weight gain and feed efficiency. There were no reported treatment-related adverse effects onthe
clinical pathology parameters evaluated, including hematology, clinical chemistry, coagulation and
urinalysis. There were no reported treatment-related adverse macroscopic and microscopic findings,
including intestinal pH. The microscopic findings included mild to moderate inflammation within the
keratinized portion of the squamous epithelium in the non-glandular part of the stomach of one male
and one female in the 2,000 mg/L group and in one female in the 500 mg/L dose group. The one male in
the 2,000 mg/L group also showed focal loss/thinning in the keratinized portion of the squamous
epithelium, associated with inflammation but without ulceration. There were no macroscopic findings
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associated with the observation. All other microscopic findings were considered incidental and were
within the range of typical observations in swine of this age and strain.

These results indicate that daily dietary administration of 2’-FL to neonatal piglets for 3 weeks following
birth, at concentrations up to 2,000 mg/L in milk replacer, was well tolerated and did not produce any
adverse treatment-related effects on growth and development. The intake of 2’-FL was calculatedtobe
291.74and 298.99 mg/kg bw/day in males and females, respectively.

6.4.2.2 Administration of 2’-FL with other HMOs (Hanlon, 2020)

Details of this study have been presented in GRN No. 921 (pg. 38 to 70) and are incorporated by reference
herein. In brief, a mixture of HMOs containing 2’-FL, 3’-FL, LNT, 3’-SL, and 6’-SL was administered to 2-
day-old Yorkshire crossbred piglets for 21 days. Thirty-six experimentally naive domestic two-day-old
Yorkshire crossbred piglets were assigned to one of three treatment groups (n=12/group). The treatment
groups received either a control diet, a diet containing 5.75 g/L of HMO MIX 1, or a diet containing 8.0
g/LHMO MIX 1. The control diet was Land O’ Lakes Specialty Milk Replacer and was used as the base diet
for both HMO MIX 1 test diets. HMO MIX 1 contained 49.1% 2’-FL, 10.4% 3-FL, 19.9% LNT, 3.5% 3’-SL,
and 4.2 % 6’-SL on a dry weight basis. The endpoints that were evaluated included mortality, clinical
observations, body weight, feed consumption, feed efficiency, compound consumption, clinical
pathology parameters (hematology, coagulation, clinical chemistry, and urinalysis), gross necropsy
findings, organweights, and histopathologic examinations.

There were no treatment-related differences in body weight, food consumption, or feed efficiency
between groups. Furthermore, there were no differences in hematology, clinical chemistry, or urinalysis
parameters on Study Day 7 and Study Day 21 that could be attributedto HMO MIX1, nor were there any
findings in organweights, or macroscopic and microscopic inspection of tissues that could be attributed
to HMO MIX 1. Although increased cecum weights in males and females at >5.75 g/L, increased colon
weights in males at >5.75 g/L, and decreased rectum weights in males and females at 8.0 g/L were
observed, these changes were considered not adverse as there were no microscopic correlates. Except
for one male piglet in the 8.0 g/L dosing group, which was euthanized on day 7 for humane reasons, all
of the remaining animals survived until the scheduled study termination on Day 22. The clinical and
veterinary observations of the male piglet in the 8.0 g/L dosing group that was euthanized included
yellow discolored feces, thin body condition, unkempt appearance, generalized muscle wasting, and
lateralrecumbency. Additionally, E. coli was detected in a fecal culture of the one male piglet that was
euthanized. Based on the presence of E. coli in the feces and the constellation of observations, the
unscheduled death/euthanasia of the one malein the 8.0 g/L treatment group was determined to be not
relatedto the administration of HMO MIX 1, but rather due toan underlying bacterial infection that was
likely obtained at the farm prior to enrollment in the study.

Together, these results indicate that daily dietary administration of HMO MIX 1 to neonatal piglets for 3
weeks, at concentrations up to 8.0 g/L in milk replacer (providing 3.9 g/L of 2’-FL), was well-tolerated,
did not produce adverse effects on growth and development. This dosage corresponds to calculated
intakes of the HMO MIX 1 at 3.6 and 3.7 g/kg bw/day in males and females, respectively. Considering
the HMO MIX 1 test article contained 49.1% of 2’-FL by dry weight, this corresponds to 2’-FL intakes of
approximately 1.8 g/kg bw/day in males and females.
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6.5 Clinical Studies

6.5.1 Studies Conducted with 2’-FLin Infants

Considering breastfeeding is strongly endorsed as the optimal form of nutrition for all infants, there is a
history of safe consumption of 2’-FL by both term and preterm infants. It has also been demonstrated
that formulas containing 2’-FL are safe and well-tolerated by infants in a number of clinical studies,
including one study that involved preterm infants within a hospital setting (Hascoét et al., 2021). The
studies that have been described extensively in other previous GRAS notices for 2’-FL (GRN Nos. 650,
735, 749, 815, 852, 897, 929) are incorporated by reference herein, and their summary is available in
Table 6.5.1-1 (Berger et al., 2020; Goehring et al., 2016; Kajzer et al., 2016; Marriage et al., 2015; Nowak-
Wegrzyn et al., 2019; Puccio et al., 2017; Storm et al., 2019). For more recent studies that have been
published since the filing of other GRAS notices for 2’-FL (Hascoét et al., 2021; Parschat et al., 2021,
Ramirez-Farias et al., 2021; Riechmann et al., 2020; Vandenplas et al., 2020), a description is provided
below along with a tabular summaryin Table 6.5.1-1.

Infant Clinical Studies Not Described in Previous GRAS Noticesfor 2'-FL

A. 2’-FL in Preterm Formula

The results of a randomized, double-blind, placebo-controlled trial evaluating the effects of 2’-FL
supplementation in preterm infants were recently presented at the 6t" World Congress of Pediatric
Gastroenterology, Hepatology and Nutrition held June 2 to 5, 2021 (Hascoét et al., 2021). For this study,
preterm infants at 27 to 33 weeks gestation with birth weight <1700 g were randomized as soon as
possible after birth from seven different neonatal units in France. The infants (n=43/group) received
either a supplement providing 374 mg/kg bw/day of 2’-FL and lacto-N-neotetraose (LNnT)in a 10:1 ratio
(corresponding to 340 mg/kg bw/day of 2’-FL and 34 mg/kg bw/day of LNnT), which was termed the
“HMO group”, or an isocaloric placebo consisting of only glucose (140 mg/kg bw/day) until discharged
from the neonatal unit.

The mean chronological age at the initiation of supplementation was 6.3 days (HMO group) and 6.2 days
(placebo). Non-inferiority in the number of days to reachfull enteral feeding from birth, which was the
primary outcome of interest and is indicative of feeding tolerance, was achieved for the HMO group vs.
placebo in the full analysis set, with similar results observed in the per protocol set. A non-significant
trendtowards improved feeding tolerance was observed in the HMO group, for which the adjusted mean
timeto reach full enteral feeding from birth was two days shorter when compared to placebo (12.2 days
vs. 14.3 days). There was no significant difference in the weight-for-age z-scores between groups at any
time point throughout the full enteral feeding period until discharge. Compared to placebo, the HMO
group had significantly higher length-for-age z-scores at full enteral feeding Day 14 (p = 0.037) and Day
21 (p = 0.037), and significantly higher head circumference-for-age z-scores at discharge (p=0.07). These
results suggest supplementation with 2’-FL (and LNnT) support early postnatal growth, whichwas in line
with the desired growth velocity of preterm infants. Measures of gastrointestinal tolerance, including
daily gastric residuals, stool frequency and consistence, andincidence of gastrointestinal adverse events,
were similar between the HMO and placebo groups. The incidence of necrotizing colitis was low in both
groups. The incidence of other ilinesses andinfections were comparable between the HMO (n =22 [50%])

Page |26



GRAS Notice for 2’-FL Chr.Hansen A/S

and placebo (n = 18 [42.9%]) groups. It was concluded that supplementation with 2’-FL and LNnT is safe
and well toleratedin preterminfants.

B. 2’-FL at a Higher Use Level (3.0 g/L) than Previously Tested — NCT04105686

Abbott Nutrition completed a growth monitoring study (ClinicalTrials.gov identifier: NCT04105686),
which compared the growth of infants receiving a milk-based experimental formula that contained a
mixture of five commercially prepared HMOs (3.0 g/L2’-FL, 0.75g/L 3-FL, 1.5g/L LNT, 0.23 g/L 3’-SL and
0.28 g/L 6'-SL) to the growth of infants receiving the same formula without HMOs (control). A human
milk-fed reference group (HM) was also included. The study was a 16-week randomized, controlled,
blinded growthand tolerance study. Healthyterm infants (n=366) were enrolled in the study between
birth and 14 days of age.

The primary variable of the study was weight gain per day from 14 to 119 days of age of infants in the
two formula groups. Values at days 14, 38,42, 56, 84 and 119 of life were used for the primary analysis.
Results comparing the twoinfant formula groups to each otherand to a human milk reference group for
weight gain per day from 14 to 119 days of age indicated that there were no statistically significant
differences in growth. Sensitivity analysis likewise showed no statistically significant differences among
the three groups. Furthermore, the experimental formula was non-inferior to control using a non-
inferiority margin of 3 g/day in primary and sensitivity analyses. Both formulas were well tolerated. In
conclusion, this clinical study demonstrated that a formula containing up to 3.0 g/L of 2’-FL was safe, well
tolerated and supported normal growth by infants.

C. 2’-FL at a Higher Use Level (3.0 g/L) than Previously Tested — NCT03513744

A multi-centered, randomized, double-blinded, controlled, parallel group clinical study was conducted to
evaluate the safety andtolerability of a mixture of five commercially prepared HMOs (2.99 g/L 2’-FL, 0.75
g/L3-FL, 1.5 g/L LNT, 0.23 g/L 3'-SL and 0.28 g/L 6'-SL) (ClinicalTrials.govidentifier: NCT03513744). The
results of this study have been published by Parschat et al. (2021).

Healthy terminfants <14 days of age were randomized to receive exclusive feeding with aninfant formula
containing 5SHMO-MIX (n=113), a control infant formula (n=112), or exclusive feeding with breastmilk as
a reference control (n=116), for 4 months. The formula supplemented with HMOs was considered non-
inferior to the control formula with respect to mean daily body weight gain. There were no differences
in weight, length or head circumference gain betweenthe two formula groups. The formula containing
the HMOs was welltolerated, and the occurrence of adverse events was similar across all groups. Infants
receiving formula containing HMOs and breastmilk produced slightly softer stools at a higher stool
frequency than the control formula group. The study authors concluded that infant formula containing
a mixture of HMOs, including 3.0 g/L of 2’-FL, is safe and well-tolerated by infants during the first months
of life.

D. 2’-FL in Extensively Hydrolyzed Formula

A multi-center, open-label, single-arm study was conducted to evaluate the growth, tolerance, and
compliance of an extensively hydrolyzed formula supplemented with 2’-FL (Ramirez-Farias et al., 2021).
Infants less than 60 days of age with a suspected food protein allergy, persistent feeding intolerance, or
presenting conditions where an extensively hydrolyzed formula was deemed appropriate, were enrolled
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(n=48). The infants in this study had already been consuming extensively hydrolyzed formula (without
HMOs) and were switched to receive a hypoallergenic casein-based extensively hydrolyzed formula with
0.2 g/Lof 2’-FL as their sole source of nutrition for 2 months.

One infant never received the test formula, while 11 infants failed to meet one or more evaluability
criteria, including consumption of non-study feeding for more than 5 days (n = 2), use of medications
that may affect gastrointestinal tolerance (n = 1), anthropometric measurement at Day 60 obtained
outside the window (n = 1), premature discontinuation of study product (n = 6) and lost to follow-up (n
= 1). The test formula supported appropriate growth, with statistically significant improvement in
weight-for-age z-scores from Day 1 to Day 60. After 60 days on the test formula with 2’-FL, persisting
symptoms (diarrhea, constipation, blood in stool, vomiting, spit-up/gagging/reflux, fussiness, rash or
eczema)either remained the same, improved, or resolved when comparedto baseline. Adverse events
were observed in 15 infants in the study, with most AEs being mild in severity and deemed by the
investigators as not relatedto product. The most common reported AEs were seborrheic dermatitis (five
infants), gastrointestinal reflux (three infants), and infantile spit-up (2 infants). The test formula was
considered safe and well tolerated.

E. 2’-FL with LNnT in Partially Hydrolyzed Formula (Open-Label)

An open-label, prospective study was conducted to evaluate the growth and tolerability of an infant
formula containing HMOs (2’-FLand LNnT) (Riechmannet al., 2020). Healthyterm infants were enrolled
at age 7 days to 2 months. The study included 3 groups: exclusively formula-fed infants consuming a
partially hydrolyzed 100% whey formula with 1.0 g/L of 2’-FL and 0.5 g/L of LNnT (along with Lactobacillus
reuteri (DSM 17938)) (n=82); infants mixed-fed infant formula and human milk (n=62); and exclusively
breastfedinfants as a reference control (n=63). The formula-fed and mixed-fed infants received the test
formula for approximately 8 weeks.

There were no significant differences in anthropometric measures between groups, with age appropriate
growth observed in all groups. The incidence of adverse events was generally low and not significantly
different among the groups. Three infants experienced potentially product-related adverse events, with
2 incidences of cow-milk intolerance (1 in formula-fed and 1 in mixed-fed groups), and 1 instance of
irritability in the formula-fed group. Six serious adverse events occurred (bronchiolitis) but were not
considered related to the study feeding. Composite Infant Gastrointestinal Symptom Questionnaire
(1GSQ) scores demonstrated low gastrointestinal distressin all feeding groups at all time points and there
were no significant differences among feeding groups at baseline, 4-, or 8- week timepoints.

F. 2’-FL with 3’-GL, GOS, and IcFOS

A multi-site, double-blind, randomized, controlled study was conducted in healthy term infants to
evaluate the growth, safety, and tolerance of a novel formula (Vandenplas et al., 2020). A total of 215
fully formula-fed infants <14 days of age were randomized to receive a nutritionally complete cow milk-
based test formula (n=108) or a control (n=107) formula until 17 weeks of age. The test formula
contained 1.0g/L of 2’-FL; 0.15 g/L of 3’-galactosyllactose (3’-GL), which is a HMO identified in fermented
infant formula as a by-product of the Lactofidus fermentation process; 8 g/L of a GOS/IcFOS mixture (9:1
ratio), and anhydrous milk fat (49.8% of total fat). The control formula was a commercially available
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standard infant formula containing GOS/IcFOS (0.8 g/100 mL; 9:1), but no 2’-FL, 3’-GL, or milk fat. A
group of breastfedinfants (n = 61) was alsoincluded as a reference control.

The dropout rate was similar between the test (16%) and control (17%) formula groups. Growth
parameters (gains in body weight, length, and head circumference) were demonstrated to be equivalent
betweenthe test and control formula groups. The estimated z-scores for weight-for-age, length-for-age,
BMlI-for-age, and head circumference-for-age were all within £1 SD of WHO growth standards for formula
groups and breastfed reference group, indicative of adequate infant growth. There were no statistically
significant differences in the number of total or specific adverse events, or in the number of serious
adverse events, between the test and control formula groups. The incidence of frequent regurgitation
and vomiting were comparable between the test and control formula groups, and the distribution of
infants across the different ratings of the stool consistency scores (watery, soft, formed, hard) were not
significantly different across all groups. The study authors concluded the novel formula supports
adequate infant growth and is safe and well-tolerated in healthy term infants.
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Table6.5.1-1 Clinical Studies Conducted with 2’-FL in Infants

Chr.HansenA/S

Reference Study Design | Study Interventions Duration of Main Outcomes
Population (# of Infants at Intervention
Randomization)
Preterm Formula
(Hascoét et Multi-center, | Preterm Test: Supplement As soon as Non-inferiority in time to reach full enteral feedingin test group vs. control
al.,, 2021)* - randomized, | infants with 2’-FL and LNnT possible after (full analysis set), with similar resultsin per protocol set.
conference double-blind, (10:1ratio) at 374 birth until Adjusted mean time to reach full enteral feeding was 2 days shorter in test
abstract controlled, Birth weight | mg/kg bw/day (n=43) | discharged group (12.2 days) vs. control (14.3 days), though difference is NSD.
parallel study | <1700¢g from the NSD in weight-for-age z-scores between groups from full enteral feeding to
Control: Isocaloric neonatal unit discharge. Compared to controls, test group had SS 1" length-for-age z-
GA: 271033 placebo supplement s.cores at full enteral feeding Day14.and Day 21, and SS I head
. circumference-for-age z-scores at discharge.
weeks containingonly

glucose (140 mg/kg
bw/day) (n=43)

Measures of gastrointestinal tolerance, including daily gastric residuals,
stool frequency and consistence, and incidence of gastrointestinal adverse
events, were similar between the HMO and placebo groups.

The incidence of necrotizing colitis was low in both groups.

The incidence of otherillnesses and infections were comparable between
the HMO (n =22 [50%]) and placebo (n = 18 [42.9%]) groups.

It was concluded that supplementation with 2’-FL and LNnT is safe and well
tolerated in preterm infants.

Standard Infant

Formulas

Abbott Randomized,
Nutrition blinded,
(unpublished | controlled,

data)*

parallel study

NCT04105686

Healthy term
infants 0 to
14 days of
age (n=366)

Test: Formula with
2.99g/L2’-FL, 0.75
g/L 3-FL, 1.5 g/L LNT,
0.23 g/L 3'-SL and
0.28 g/L6'-SL

Control: Formula
with no HMOs

HM Reference:
Infants fed human
milk

4 months

NSD in body weight gain between test and control groups. Test formula
was non-inferior to the control formula with respect to growth.

Test formula was considered well-tolerated.

Test formula containing HMO mixture was concluded to be safe, well-
tolerated, and supported normal growth by healthy term infants.
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Reference

Study Design

Study
Population

Interventions
(# of Infants at
Randomization)

Duration of
Intervention

Main Outcomes

(Marriage et
al., 2015) -
safety &
tolerance

(Goehring et
al., 2016) -
sub-analysis
onimmune
parameters

Multi-center,
randomized,
double-blind,
controlled,

parallel study

NCT01808105

Healthy term
infants0to 5
days of age

EF1: Formulawith
2.2g/L GOS +0.2 g/L
2’-FL (n=104)

EF2: Formulawith
1.4g/L GOS + 1.0 g/L
2’-FL (n=109)

Control: Formula
with 2.4 g/L GOS
(n=101)

HM Reference:
Breastfed infants
(n=106)

Until 119 days
of age

Marriage etal., 2015:

e NSD inthe number of non-completersamong the formula-fed groups.

e NSD (sex-specific or sex-combined)in mean weight, length, or head
circumference among feeding groups during the study, and NSD among
feeding groups in mean gains in these measures from day 14 to 119.

e The mean number of stools/day was SS 1 for the HM group compared to
all formula groups in the 3-day period before the study visits at day 28,42,
and 84. The mean number of stools/day was also SS 1" for the HM group
compared to control formulain the 3-day period before the day 119 visit.

e NSD in mean rank stool consistency score between formula groups.

e  Spitting-up or vomiting was SS/* in the formula-fed groups compared to
the HM group from enrollment to day 28, though there was NSD after day
28.

e NSD inthe overall percentage of subjects experiencing AEs or serious AEs
in the formula-treated groups. The control formulaand EF2 had SS
infants with AEs in the “infections and infestations” category compared to
EF1, but the types of AEs were similar (upper respiratory tract symptoms;
otitismedia, viral infections, and oral candidiasis).

e  The studyauthors concluded formula supplemented with 2’-FL is safe, well
tolerated, and supports growth patternssimilar to HM-fed infants.

Goehringetal., 2016

e  Bloodsamples were analyzed from a subset of the participantsin the
control formula (n=39), EF1 (n=37), EF2 (n=37)and HM (n=42) groups

e  Studyauthors concluded that formula containing 2’-FL modified innate and
adaptive immune profilesto be more like that of breastfed infants.

(Parschat et
al., 2021)*

Multi-center,
randomized,
double-blind,
controlled,

parallel study

NCT03513744

Healthy term
infants <14
days of age

Test: Formula with
2.99g/L2’-FL, 0.75
g/L 3-FL, 1.5 g/L LNT,
0.23 g/L 3'SL and
0.28 g/L6'-SL
(n=113)

Control: Formula
with no HMOs
(n=112)

4 months

e NSD in bodyweight, length or head circumference gain between test and
control formula groups. Test formula was non-inferior to the control
formula with respect to growth (i.e., body weight gain).

e  Test formulawas considered well-tolerated.

e Infants in test formula group, and the breastfed infants, had slightly softer
stools at higher stool frequency.

e Occurrence of AEs was similar across all groups.

e  Test formula containing HMO mixture was concluded to be safe, well-
tolerated, and supported normal growth by healthy term infants.
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Reference

Study Design

Study
Population

Interventions
(# of Infants at
Randomization)

Duration of
Intervention

Main Outcomes

HM Reference:
Exclusively breastfed
infants (n=116)

(Puccioetal.,
2017)--
safety &
tolerance

(Bergeretal.,
2020; Dogra
etal., 2021) -
microbiota
analysis

Multi-center,
randomized,
double-blind,
controlled,

parallel study

NCT01715246

Healthy term
infants 0 to
14 days old

Test: Formula with
1.0g/L 2’-FLand 0.5
g/L LNNnT (n=88)

Control: Formula
with no HMOs (n=87)

HM Reference:
Exclusively breastfed
infants for first 4
monthsincluded as
control for
microbiome analysis
(n=38)

Exclusive
formula
feedingfor 4
months, after
which
complementary
foods were
introduced.

At 6 months of
age, all infants
were switched
toanon-HMO
containing
follow-up
formula until
12 months of
age.

The dropout rate was comparable between groups (n=20 in control; n=24
in test). The most common reason for discontinuation wasan AE (n=11in
control; n=12in test).

At 3 months, the stool microbiota profile in test formula group appeared
closerto that of breastfed infants than those in the control formulagroup
(Berger etal., 2020).

NSD in mean weight, length, head circumference, and BMI between
groups. NSD in weight gain, mean weight-for-age, length-for-age, head
circumference-for-age, and BMI-for-age z scoresbetween groups.

NSD in Gl symptoms, including flatulence, spitting-up and vomiting,
between groups. NSD in parental-reported AEs between groups.
Parent-reported infant behavioral patternsincluding
restlessness/irritability and colic were similarin the test and control
groups, except for softer stool (p=0.021) and fewer nighttime wake-ups
(p=0.036)in the test group at 2 months.

Infants receiving the test formula had significantly fewer parental reports
(P =0.004-0.047)of bronchitisthrough 4 (2.3% vs 12.6%), 6 (6.8% vs
21.8%), and 12 months (10.2% vs 27.6%); lower respiratory tract infection
(adverse event cluster)through 12 months (19.3% vs 34.5%); antipyretics
use through 4 months (15.9% vs 29.9%); and antibiotics use through 6
(34.1% vs 49.4%) and 12 months (42.0% vs 60.9%) compared to the infants
receiving the control formula.

Infant formula supplemented with 2’-FL and LNnT is safe, well-tolerated
and supports age-appropriate growth.

(Kajzer et al.,
2016) -
conference
abstract

Details also
available ina
review by

Multi-center,
randomized,
double-blind,
controlled,

parallel study

Healthy term
infants 0 and

8 days of age

Test: Formula with
0.2g/L 2'-FLand 2
g/L scFOS (n=46)

Control: Formula
with no
oligosaccharides
(n=42)

Until 35 days of
age

Thirty-six (86%) infants in the group receiving test formula, 41 (89%) in the
control formula, and 42 (98%)in the HM group completed the study.

NSD in stool consistency, average volume of study formulaintake, number
of study formula feedings/day, anthropometric data, or percent feedings
with spit-up/vomit among the groups.

The average number of stools per day for the HM group was SS 1" in the
HM group than both formula-fed groups.

An experimental formula containing 2'-FL and scFOS was safe and well
tolerated.
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Reference

Study Design

Study
Population

Interventions
(# of Infants at
Randomization)

Duration of
Intervention

Main Outcomes

Reverrietal.,
2018

HM Reference:
Exclusively fed
human milk (n=43)

(Vandenplas
etal., 2020)*

Multi-center,
randomized,
double-blind,
controlled,

parallel study

NCT03476889

Healthy term
infants 0 to
14 days old

Test: Formula with
1.0g/L 2’-FL, 8 g/L of
a GOS/IcFOS mixture
(9:1 ratio), 26%
fermented formula
providing 0.15 g/L of
3’-GL, and anhydrous
milk fat (49.8% of
total fat) (n=108)

Control: Formula
with 8 g/L of a
GOS/IcFOS mixture
(9:1 ratio), butno 2’-
FL, 3’-GL, or milk fat
(n=107)

HM Reference: Fully
breastfed infants
consuming mother’s
own milk (n=61)

Until 17 weeks
of age

The dropout rate was similar between the test (16%) and control (17%)
formula groups.

Growth parameters (total and daily gains in body weight, length, and head
circumference)were equivalent between the test and control formulas.
Weight-for-age, length-for-age, BMI-for-age, and head circumference-for-
age z-scores were within WHO growth standards for all formula and HM
groups, indicative of adequate infant growth.

NSD in numbers of total or specific AEs, orin number of serious AEs,
between test and control formula. The most common AEs were Gl-
related, occurringin 20.6% of infantsin the test group, 16.3% in the
control group, and 9.8% in the HM group.

Incidence of frequent regurgitation and vomiting were comparable
between the test and control formula groups.

NSD in stool consistency scores between groups.

The study authors concluded the novel formula supports adequate infant
growth and is safe and well-tolerated in healthy term infants.

Hydrolyzed For

mulas

(Nowak-
Wegrzyn et
al., 2019)

To evaluate
whether EHF
with HMOs
meet hypo-
allergenicity
criteriausing
DBPCFC
administered

Children age
2 months to
4 years with
documented
cow milk
protein
allergy
(n=67)

Test: 100% whey EHF
containing 1.0 g/L 2’-
FLand 0.5 g/L LNnT

Control:
Commercially
available whey-based
EHF confirmed to be
hypoallergenic

If DBPCFCs are
negative, the
participants
completedal-
week open-
label food
challenge with
the test
formula

64 children completed at least one DBPCFC, 62 children completed both,

though 1 child was erroneously administered the test formuladuring both

challenges.

1 child reacted duringthe DPBCFC to both the test and control formula.

Hypo-allergenicity criteria was considered met for both formulas since at

least 90% of infants in the study tolerated it.

61 children completed the 1-week open-label phase with the test formula.

o  One participant vomited on Day 1 of the home challenge but
completed the home challenge withoutfurther problems.
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Reference Study Design | Study Interventions Duration of Main Outcomes
Population (# of Infants at Intervention
Randomization)
ina cross- o  One participant developed diarrhea on the last day of the challenge,
over manner which the site investigator attributed to gastroenteritis.
o No significant Gl symptoms (flatulence, abnormal stool frequency/
NCT03236207 consistency, increased spitting-up, or vomiting) were reported.
No serious AEs occurred during the entire study.
(Ramirez- Multi-center, | Infants less Test: Hypoallergenic | 6045 days linfant neverreceived the test formula. 11 infantsfailed one or more
Farias etal., non- than 60days | casein-based EHF evaluability criteria, including consumption of non-study feeding for more
2021)* randomized, of age with with 0.2 g/L 2’-FL than 5 days (n = 2), use of medications that may affect Gl tolerance (n=1),
single-arm, conditions (n=48) anthropometric measurement obtained outside the window at end-of-
study that warrant study (n = 1), premature discontinuation of study product (n = 6), and lost
use of an Infants meeting to follow-up (n=1). ' ' _
NCT03884300 EHF,'su'ch as eligibility criteria Reasons for premature d|s-cont|nuat|on of formula were as follows: Parent
persisting . reported AE (n = 1), Investigator reported AE (n = 1), Parent requested
feeding Were switched from discontinuation for reason other than AE (n = 2), Non-compliance (n = 1)
intolerance, their current EHF to and Lost to follow-up (n = 1).
suspected the test formula with The test formula supported appropriate growth, with SS P weight z-score
food protein | 2"-FL. from day 1 to day 60.
allergy AEs were observed in 15 infantsin the study, with most AEs being mild in
sensitivity severity and deemed by the investigators as not related to product. The
most common reported AEs were seborrheic dermatitis (five infants),
gastrointestinal reflux (3 infants), and infantile spit-up (2 infants).
After 60 days of consuming the test formula with 2’-FL, persisting
symptoms (diarrhea, constipation, blood in stool, vomiting, spit-
up/gagging/reflux, fussiness, rash or eczema) either remained the same,
improved, or resolved when compared to baseline.
Study authors concluded the test formulawas well tolerated, safe and
supported growth in the intended population.
(Riechmann Multi-center, | Healthyterm | Test: 100% whey 8 weeks Number of dropouts was similar between the exclusively formula-fed

etal., 2020)*

non-
randomized,
open-label,
study

NCT04055363

infants 7
days to 2
monthsold

partially hydrolyzed
formula containing
1.0g/L 2’-FL, 0.5 g/L
LNnT, and
Lactobacillus reuteri
(n=82)

(n=16), mixed-fed (n=14) and HM (n=18) groups.

NSD in anthropometric measures between groups. Weight-for-age,
length-for-age, and BMI-for-age z-scores were similar between groups,
with mean z-scores within 0.5 of the WHO medians at week 8.
Composite IGSQ scores demonstrated low gastrointestinal distressin all
feeding groups, with NSD between groupsat baseline, 4, or 8 weeks. NSD
among the groups in the gassiness, fussiness, crying or spitting-
up/vomiting domains ofthe IGSQ. For the stooling domain, exclusively
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Reference Study Design | Study Interventions Duration of Main Outcomes
Population (# of Infants at Intervention
Randomization)
Mixed-Fed: Infants formula-fed infants had scoresthat were closer to the stooling profile of
consuming study the HM group.
formula and human NSD in the incidence of AEs in test group (n=19), mixed-fed group (n=21),
milk (n=62) and HM group (n=18). Three infants experienced potentially product-
related AEs, including two instances of cow milk intolerance (one eachin
HM Reference: exclusive formula and mixed-fed groups), and one instance of irritability in
L exclusive formula-fed group.
Exclusively fed ; . A .
. Six serious AEs occurred in the formula-fed (n=4) and mixed-fed (n=2)
human milk (n=63) . S .
groups, all of which were bronchiolitisand considered unrelated to the
study feeding by the investigators.
(Storm etal., Multi-center, | Healthyterm | Test: 100% whey 42 days Number of dropouts was similar between the test (n=9) and control (n=7).
2019) randomized, infants 145 | partially hydrolyzed Body weight and length, and weight-for-age and length-for-age, were
double-blind, | days old at formula containing similar between groups at the baseline and 6-week visit.
controlled enroliment Bifidobacterium NSD in 1GSQ scores between groups at baseline or end-of-study.
study animalis ssp. lactis NSD in stool frequency and consistency between the groups over the
Bb12 and 0.25 g/L of course of the study. Significantly more stoolswere reported to be difficult
NCT03307122

2’-FL (n=39)

Control: Same as test
formula but without
2-FL (n=40)

to pass in the control thanin the test group (p<0.05); however, the
number of infants with stools reported as difficult to pass was NSD
between groups.

Crying and fussing duration, vomiting frequency were similar between
groups. NSD between groupsin the proportion of infants reported to have
any spit up over the 2-day diary period before the 6-week visit. Among the
infants whose caregiversreported spit-up, significantly more were
reported to have spit up >5 times/day in the 2’-FL group compared to
controls.

There were no serious AEs in the study, and the frequency of AEs were
equally distributed amongthe two groups. SS I number of infants that
experienced “infections and infestations” in the control group (n=9) than in
the 2’-FL group (n=3) (p=0.05).

Study authors concluded the addition of 2’-FL to a partially hydrolyzed
whey formula with B. animalis ssp. lactis Bb12 is safe and well-tolerated.

Abbreviations: 2’-FL, 2’-fucosyllactose; 3’-GL, 3’-galactosyllactose; AEs, adverse events; BMI, body mass index; DBPCFC, double-blind, placebo-controlledfood challenges;
EHF, extensively hydrolyzed formula; GA, gestational age; Gl, gastrointestinal; GOS, galacto-oligosaccharides; HM, human milk; HMOs, human milk oligosaccharides; IGSQ,
Infant Gastrointestinal Symptom Questionnaire; IcFOS, long-chain fructo-oligosaccharides; LNNnT, lacto-N-neotetraose; NSD, no statistically significant difference; scFOS,

short-chain fructo-oligosaccharides; SS, statistically significant.

1References denoted with an asterisk (*) have not been previously described in other GRAS notices.
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6.5.2 Studies Conducted with 2’-FLin Older Children and Adults

A randomized, double-blind, controlled clinical study was recently published that evaluated the effects
of a “young child formula” (YCF) supplementation on the incidence of gastrointestinal and upper
respiratory infections among children age 1 to 2.5 years (Leung et al., 2020). The children (n=146)
received 1 of 4 interventions for 6 months: a standard milk-based formula (YCF-ref); a milk formula
containing 3 g/L of 2’-FL, immunoglobins (1 g/L), lactoferrin (1.7 g/L), TGF-beta (15 pg/L), and milk fat
(2.5 g/100 mL) (termed YCF-A); a milk formula that is the same as YCF-A but with lower levels of
immunoglobulins (0.1 g/L), lactoferrin (0.1 g/L), and no added 2’-FL or milk fat (termed YCF-B); or a milk
formula that is the same as YCF-refbut with 3 g/L of 2’-FL (termed YCF-C). All 4 formulas also contained
4 g/L of GOS. The children consumed two 200 mL servings of the YCF daily (400 mL/day) for 6 months.
No “remarkable between-group differences” were observed in anthropometric parameters, assessed as
the z-scores for weight-for-age, height-for-age, and weight-for-height. The incidence of adverse events
and serious adverse events were similar across groups, with noreported cases of product-related events
as judged by investigators and confirmed by an independent data safety monitoring board. The study
authors concluded all the YCFs tested were considered safe and supported normal growth.

Clinical studies have also evaluated the effects of 2’-FL supplementation in older children and in adults.
Supplementation with 2’-FL, either alone or as a 4:1 mixture with LNnT, at 4.5 g/day for 8 weeks was
concluded to be safe and well tolerated in overweight/obese children betweenthe ages of 6 to 12 years
old (Fonvig et al., 2021). In one randomized, placebo-controlled, double-blind, parallel study designed
to assess safetyandtolerability, ingestion of up to 20 g/day of either 2’-FL, LNnT, or a combination of 2’-
FL and LNnT at a 2:1 ratio, was concluded to be well tolerated in healthy adults (Elison et al., 2016).
Supplementation with 2’-FL was also reported to be well tolerated in adults with gastrointestinal
conditions (e.g., irritable bowel syndrome) (Iribarrenet al., 2020; Palsson et al., 2020; Ryan et al., 2021).
These studies have limited relevance onthe intended uses of 2’-FL in post-discharge formulas for preterm
infants and therefore are not discussed further.

6.5.3 Studies Conducted with Other Non-Digestible Carbohydrates in Preterm Infants

A number of randomized controlled clinical trials have been conducted toinvestigate the effects of non-
digestible oligosaccharides [e.g., short-chain GOS (sc-GOS), long-chain FOS (Ic-FOS), and pectin-derived
acidic oligosaccharides (pAQOS)] in preterminfants.

These studies have been examined in several systematicreviews (Chietal., 2019; Mugambi et al., 2012;
Srinivasjois et al., 2013). Inthe most recent review, a meta-analysis of 18 clinical trials of preterm infants
(<2,500 g or <36 weeks) suggested that supplementation with non-digestible carbohydrates3 had a
significant decrease in the incidence of sepsis (risk ratio (RR): 0.64, 95% ClI: 0.51, 0.78), mortality (RR:
0.58.95% Cl: 0.36, 0.94), length of hospital stay (mean difference (MD): -5.18, 95% Cl: -8.94, -1.11), and
time to full enteralfeeding (MD:-0.99, 95% CI: -1.15, -0.83) (Chiet al., 2019). There were no significant
differences in feeding intolerance (RR: 0.87, 95% Cl: 0.52, 1.45) or morbidity rate of necrotizing

3 The study authors included clinical trials that evaluated one of the following interventions: sc-GOS, Ic-FOS, pAOS,
oligosaccharides, fructans, inulin, or oligofructose.
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enterocolitis (RR: 0.79, 95% Cl: 0.44, 1.44). The study authors concluded that supplementation with non-
digestible oligosaccharides, at levelsas highas 1.5 g/kg bw/day is safe in preterminfants (Chietal.,2019).

Thus, in addition to the history of safe consumption of HMOs through human milk, the lack of adverse
effects from the administration of non-digestible carbohydrates in these studies further corroborates
their safetyin preterminfants.

6.6 Conclusion of GRAS Status

The safety of Chr. Hansen’s 2’-FL as aningredient for its intended use in preterm post-discharge formula
is supported by the following:

e HMOs represents the third largest solid component of human milk, with 2’-FL being one of the
most abundant oligosaccharides present.

e The GRASstatus of Chr. Hansen’s 2’-FLfor use in non-exempt term infant formula (GRN No. 571)
and in exempt hypoallergenic formula for term infants (GRN No. 929) at up to 2.0 g/L has been
notified to the U.S. FDA and filed with “no questions”.

e Asdetailed in those previous GRAS notices, 2’-FL manufactured by Chr. Hansen is chemically and
structurally identical to 2’-FLin human milk. The production process is conducted in accordance
with cGMP, and strict manufacturing controls are in place. The finished materialis a spray-dried,
powder containing 290% 2’-FL dry weight, with the remaining components comprising small
amounts of residual carbohydrate by-products, ash, and moisture. The production organism, E.
coli BL21(DE3) #1242, is safe for use; it is non-toxigenic and not capable of DNAtransfer to other
organisms. A series of purification steps are included in the manufacturing process to remove
the production organism, and no residual DNA from the production strain remains in the finished
2’-FL material.

e Breastmilkis widely recognized as the optimal form of nutrition for all infants, including preterm
infants. The intended use level of 2’-FLin preterm post-discharge formula (2.0 g/L) is within the
ranges of 2’-FL concentrations that have been reported in human milk following preterm and
term births. Accordingly, the estimated daily intakes of 2’-FL from its intended uses (up to 520
mg/kg bw/day) are considered comparable to those of post-discharged preterm infants who are
fed human milk (up to 720 mg/kg bw/day).

e The safety of Chr. Hansen’s 2’-FL has been demonstrated in preclinical toxicological studies,
including mutagenicity/genotoxicity assays (bacterial reverse mutation assay, in vivo
micronucleus test), and a 90-day oral toxicity study in rats. Toxicological studies (bacterial
reverse mutation assay, in vitro micronucleus test, 90-day oral toxicity study) have also been
conducted with Chr. Hansen’s 2’-FL when tested as part of a mixture with other HMOs.
Additionally, a number of preclinical studies have been conducted with 2’-FL preparations
produced by other manufacturers. Generally, noadverse effects were observed inthese studies,
and the NOAEL was concluded to range from 5.0to ~7.5 g/kg bw/day.
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e Chr.Hansenhas alsoconducted two separate 21-day tolerance studies in neonatal piglets, which
are considered a suitable model of the physiological development of the infant gastrointestinal
tract. These studies demonstratedthat milk replacer containing 2’-FL at up to 2 g/L, or an HMO
mixture atup to8 g/L (providing 3.9 g/Lof 2’-FL), was safe and well-tolerated.

e A number of clinical studies have further demonstrated the safety and tolerance of formulas
supplemented with 2’-FL for terminfants (at up to 3.0g/L) and young children age 1to 2.5 years
(at3.0g/L). Consumptionof 2’-FLat up to 20 g/day was also shown to be safe and well-tolerated
by adults.

e HMOs, including 2’-FL, are largely resistant to the digestive enzymes in the upper gastrointestinal
tract, with unabsorbed oligosaccharides being either fermented by the resident microbiota or
excreted unchanged in the feces. Supplementation with 2’-FL at 340 mg/kg bw/day (with 34
mg/kg bw/day of LNNnT) in preterminfants (27 to 33 weeks gestation, birth weight <1700 g) until
hospital discharge was safe, well-tolerated, and supported normal growth. Clinical studies have
also been conducted where other non-digestible carbohydrates (e.g., GOS, FOS) were
administered to preterm infants without adverse effects. Together, these studies help to
support that the intended use of 2’-FL in preterm post-discharge formula is similarly safe and
well-tolerated, particularly given that 2’-FL has a history of safe consumption by these infants
through its presence in breastmilk.

All pivotal data and information used to establish the safety of Chr. Hansen’s 2’-FL under its intended
conditions of use are “generally available” (i.e., in the public domain). From the data and information
presented herein, Chr. Hansen concludes their 2’-FL produced with a genetically engineered strain of E.
coli BL21(DE3) is GRAS for its intended uses in exempt infant formula for preterm infants (specifically
preterm post-discharge formula), at levels up to 2.0g/L as consumed, based on scientific procedures.

Page |38



GRAS Notice for 2’-FL Chr.HansenA/S

7. List of Supporting Data and Information

Aggett, P.J., Agostoni, C., Axelsson, |., De Curtis, M., Goulet, O., Hernell, O., Koletzko, B., Lafeber, H. N.,
Michaelsen, K. F., Puntis, J. W. L., Rigo, J., Shamir, R., Szajewska, H., Turck, D., & Weaver, L. T.
(2006). Feeding preterminfants after hospital discharge: A commentary by the ESPGHAN
Committee on Nutrition. In Journal of Pediatric Gastroenterology and Nutrition (Vol. 42, Issue 5,
pp. 596-603). ) Pediatr Gastroenterol Nutr.
https://doi.org/10.1097/01.mpg.0000221915.73264.c7

Agostoni, C., Buonocore, G., Carnielli, V. P., De Curtis, M., Darmaun, D., Decsi, T., Domellof, M.,
Embleton, N. D., Fusch, C., Genzel-Boroviczeny, O., Goulet, O., Kalhan, S. C., Kolacek, S., Koletzko,
B., Lapillonne, A., Mihatsch, W., Moreno, L., Neu, J., Poindexter, B., ... Ziegler, E. E. (2010). Enteral
nutrient supply for preterminfants: Commentaryfrom the european society of paediatric
gastroenterology, hepatology and nutrition committee on nutrition. In Journal of Pediatric
Gastroenterology and Nutrition (Vol. 50, Issue 1, pp. 85-91). ) Pediatr Gastroenterol Nutr.
https://doi.org/10.1097/MPG.0b013e3181adaee0

Albrecht, S., Lane, J. A., Marino, K., Al Busadah, K. A., Carrington, S. D., Hickey, R. M., & Rudd, P. M.
(2014). A comparative study of free oligosaccharides in the milk of domesticanimals. British
Journal of Nutrition, 111(7), 1313-1328. https://doi.org/10.1017/5S0007114513003772

Albrecht, S., Schols, H. A., Van Zoeren, D., VanLingen, R. A., Groot Jebbink, L. J. M., Van Den Heuvel, E.
G.H. M., Voragen, A.G.J., & Gruppen, H. (2011). Oligosaccharides in feces of breast-and formula-
fed babies. Carbohydrate Research, 346(14),2173-2181.
https://doi.org/10.1016/j.carres.2011.06.034

Archer, C.T.,Kim, ). F., Jeong, H., Park, J. H., Vickers, C.E., Lee,S. Y., & Nielsen, L. K. (2011). The
genome sequence of E. coli W (ATCC 9637): Comparative genome analysis and an improved
genome-scale reconstruction of E. coli. BMC Genomics, 12(1), 1-20.
https://doi.org/10.1186/1471-2164-12-9

Arslanoglu, S., Boquien, C.Y., King, C., Lamireau, D., Tonetto, P., Barnett,D., Bertino, E., Gaya, A.,
Gebauer, C., Grovslien, A., Moro, G. E., Weaver, G., Wesolowska, A. M., & Picaud, J. C. (2019).
Fortification of human milk for preterminfants: Update and recommendations of the European
milk bank association (EMBA) working group on human milk fortification. In Frontiers in Pediatrics
(Vol. 7, Issue MAR, p. 76). https://doi.org/10.3389/fped.2019.00076

Arslanoglu, S., Corpeleijn, W., Moro, G., Braegger, C.,Campoy, C., Colomb, V., Decsi, T., Domell6f, M.,
Fewtrell, M., Hojsak, I., Mihatsch, W., Mglgaard, C.,Shamir, R., Turck, D., & Van Goudoever, J.
(2013). Donor human milk for preterminfants: Current evidence and research directions. In
Journal of Pediatric Gastroenterology and Nutrition (Vol. 57, Issue 4, pp. 535-542). ) Pediatr
Gastroenterol Nutr. https://doi.org/10.1097/MPG.0b013e3182a3af0a

Asakuma, S., Urashima, T., Akahori, M., Obayashi, H., Nakamura, T., Kimura, K., Watanabe, Y., Arai, |., &
Sanai, Y. (2008). Variation of major neutral oligosaccharides levels in human colostrum. European
Journal of Clinical Nutrition, 62(4), 488—494. https://doi.org/10.1038/sj.ejcn.1602738

Austin, S., De Castro, C. A., Sprenger, N., Binia, A., Affolter, M., Garcia-Rodenas, C. L., Beauport, L.,

Page |39



GRAS Notice for 2’-FL Chr.HansenA/S

Tolsa, J. F., & Fumeaux, C.J. F. (2019). Human milk oligosaccharides in the milk of mothers
delivering term versus preterminfants. Nutrients, 11(6). https://doi.org/10.3390/nu11061282

Beach, R. C., Menzies, I. S., Clayden, G. S., & Scopes, J. W. (1982). Gastrointestinal permeability changes
in the preterm neonate. Archives of Disease in Childhood, 57(2), 141-145.
https://doi.org/10.1136/adc.57.2.141

Berger, B., Porta, N., Foata, F., Grathwohl, D., Delley, M., Moine, D., Charpagne, A., Siegwald, L.,
Descombes, P., Alliet, P., Puccio, G., Steenhout, P., Mercenier, A., & Sprenger, N. (2020). Linking
human milk oligosaccharides, infant fecal community types, and later risk to require antibiotics.
MBio, 11(2). https://doi.org/10.1128/mBi0.03196-19

Bode, L. (2012). Human milk oligosaccharides: Every baby needs a sugar mama. In Glycobiology (Vol.
22, Issue9, pp. 1147-1162). Glycobiology. https://doi.org/10.1093/glycob/cws074

Brand-Miller, J. C., McVeagh, P., McNeil, Y., & Messer, M. (1998). Digestion of human milk
oligosacharides by healthy-infants evaluated by the lactulose hydrogen breath test. Journal of
Pediatrics, 133(1), 95-98. https://doi.org/10.1016/50022-3476(98)70185-4

Brown, J. V. E., Lin, L., Embleton, N. D., Harding, J. E., & McGuire, W. (2020). Multi-nutrient fortification
of human milk for preterminfants. Cochrane Database of Systematic Reviews, 2020(5).
https://doi.org/10.1002/14651858.CD000343.pub4

Callahan, E. A., Chatila, T., Deckelbaum, R.J., Field, C.J., Greer, F. R., Hernell, O., Jarvinen, K. M.,
Kleinman, R. E., Milner, J., Neu, J., Smolen, K. K., & Wallingford, J. C. (2021). Assessing the safety of
bioactive ingredients in infant formula that affect the immune system: Recommendations froman
expert panel. The American Journal of Clinical Nutrition. https://doi.org/10.1093/AJCN/NQAB346

Carver,J.D.,Wu, P.Y.K,, Hall,R.T., Ziegler, E. E., Sosa, R., Jacobs, J., Baggs, G., Auestad, N., & Lloyd, B.
(2001). Growth of preterminfants fed nutrient-enriched or term formula after hospital discharge.
Pediatrics, 107(4 1), 683—689. https://doi.org/10.1542/peds.107.4.683

Castanys-Mufioz, E., Martin, M. J., & Prieto, P. A. (2013). 2’-fucosyllactose: Anabundant, genetically
determined soluble glycan present in human milk. Nutrition Reviews, 71(12), 773—789.
https://doi.org/10.1111/nure.12079

Chaturvedi, P., Warren, C. D., Altaye, M., Morrow, A. L., Ruiz-Palacios, G., Pickering, L. K., & Newburg, D.
S. (2001). Fucosylated human milk oligosaccharides vary betweenindividuals and over the course
of lactation. Glycobiology, 11(5), 365—372. https://doi.org/10.1093/glycob/11.5.365

Chester, M. A,, Hallgren, P., Lundblad, A., & Messeter, L. (1979). Urinary Excretion of Oligosaccharides
Induced by Galactose Given Orally or Intravenously. EuropeanJournal of Biochemistry, 100(2),
385-392. https://doi.org/10.1111/j.1432-1033.1979.tb04181.x

Chi, C., Buys, N., Li, C., Sun, J., & Yin, C. (2019). Effects of prebiotics on sepsis, necrotizing enterocolitis,
mortality, feeding intolerance, time to full enteral feeding, length of hospital stay, and stool
frequency in preterminfants: a meta-analysis. In European Journal of Clinical Nutrition (Vol. 73,
Issue 5, pp. 657—670). Nature Publishing Group. https://doi.org/10.1038/s41430-018-0377-6

Page |40



GRAS Notice for 2’-FL Chr.HansenA/S

Constable, A., Mahadevan, B., Pressman, P., Garthoff, J. A., Meunier, L., Schrenk, D., Speijers, G.,
O’Sullivan, A., & Hayes, A. W. (2017). An integrated approachto the safetyassessment of food
additives in early life. Toxicology Research and Application, 1, 239784731770737.
https://doi.org/10.1177/2397847317707370

Coppa, G. V., Bruni, S., Morelli, L., Soldi, S., & Gabrielli, 0. (2004). The first prebiotics in humans: human
milk oligosaccharides. InJournal of clinical gastroenterology (Vol. 38, Issue 6 Suppl). J Clin
Gastroenterol. https://doi.org/10.1097/01.mcg.0000128926.14285.25

Coppa, G. V., Pierani, P., Zampini, L., Bruni, S., Carloni, |., & Gabrielli, 0. (2001). Characterization of
Oligosaccharides in Milk and Feces of Breast-Fed Infants by High-Performance Anion-Exchange
Chromatography. Advancesin Experimental Medicine and Biology, 501, 307—-314.
https://doi.org/10.1007/978-1-4615-1371-1_38

Coulet, M., Phothirath, P., Allais, L., & Schilter, B. (2014). Pre-clinical safety evaluation of the synthetic
human milk, nature-identical, oligosaccharide 2’-O-Fucosyllactose (2'FL). Regulatory Toxicology
and Pharmacology, 68(1), 59-69. https://doi.org/10.1016/j.yrtph.2013.11.005

Daegelen, P., Studier, F. W., Lenski, R. E., Cure, S., & Kim, J. F. (2009). Tracing Ancestors and Relatives of
Escherichia coli B, and the Derivation of B Strains REL606 and BL21(DE3). Journal of Molecular
Biology, 394(4), 634—643. https://doi.org/10.1016/j.jmb.2009.09.022

Deleoz, M. L. A., Wu, S., Strum, J. S., Niflonuevo, M. R., Gaerlan, S. C., Mirmiran, M., German, J. B.,
Mills, D. A., Lebrilla, C. B., & Underwood, M. A. (2013). A quantitative and comprehensive method
to analyze human milk oligosaccharide structures inthe urine and feces of infants. Analytical and
Bioanalytical Chemistry, 405(12), 4089-4105. https://doi.org/10.1007/s00216-013-6817-1

Dogra, S. K., Martin, F.-P., Donnicola, D., Julita, M., Berger, B., & Sprenger, N. (2021). Human Milk
Oligosaccharide-Stimulated Bifidobacterium Species Contribute to Prevent Later Respiratory Tract
Infections. Microorganisms 2021, Vol. 9, Page 1939, 9(9), 1939.
https://doi.org/10.3390/MICROORGANISMS9091939

Dotz, V., Rudloff, S., Blank, D., Lochnit, G., Geyer, R., & Kunz, C. (2014). 13C-labeled oligosaccharides in
breastfedinfants’ urine: Individual-, structure-and time-dependent differences in the excretion.
Glycobiology, 24(2), 185-194. https://doi.org/10.1093/glycob/cwt099

EFSA NDA Panel. (2013). Scientific Opinion on nutrient requirements and dietary intakes of infants and
young children in the European Union. EFSA Journal, 11(10).
https://doi.org/10.2903/j.efsa.2013.3408

EFSA NDA Panel. (2015). Safety of 2'-O-fucosyllactose as a novel food ingredient pursuant to Regulation
(EC)No 258/97. EFSA Journal, 13(7). https://doi.org/10.2903/j.efsa.2015.4184

EFSA NDA Panel. (2019). Safety of 2’-fucosyllactose/difucosyllactose mixture as a novel food pursuant
to Regulation (EU) 2015/2283. EFSA Journal, 17(6). https://doi.org/10.2903/j.efsa.2019.5717

EFSA Scientific Committee, Hardy, A., Benford, D., Halldorsson, T., Jeger, M. J., Knutsen, H. K., More, S.,
Naegeli, H., Noteborn, H., Ockleford, C., Ricci, A., Rychen, G., Schlatter, J. R., Silano, V., Solecki, R.,
Turck, D., Bresson, J., Dusemund, B., Gundert-Remy, U., ... Mortensen, A. (2017). Guidance on the

Page |41



GRAS Notice for 2’-FL Chr.HansenA/S

risk assessment of substances present infood intended for infants below 16 weeks of age. EFSA
Journal, 15(5). https://doi.org/10.2903/j.efsa.2017.4849

Eidelman, A. |., & Schanler, R. J. (2012). Breastfeeding and the use of human milk. In Pediatrics (Vol.
129, Issue 3, pp. €827—e841). American Academy of Pediatrics.
https://doi.org/10.1542/peds.2011-3552

Elison, E., Vigsnaes, L. K., Rindom Krogsgaard, L., Rasmussen, J., Sorensen, N., McConnell, B., Hennet, T.,
Sommer, M. O. A., & Bytzer, P. (2016). Oral supplementation of healthyadults with 2'-O-
fucosyllactose and lacto-N-neotetraose is well tolerated and shifts the intestinal microbiota.
British Journal of Nutrition, 116(8), 1356—1368. https://doi.org/10.1017/5S0007114516003354

Engfer, M. B., Stahl, B., Finke, B., Sawatzki, G., & Daniel, H. (2000). Human milk oligosaccharides are
resistant toenzymatic hydrolysis in the upper gastrointestinal tract. American Journal of Clinical
Nutrition, 71(6), 1589-1596. https://doi.org/10.1093/ajcn/71.6.1589

Erney, R., Hilty, M., Pickering, L., Ruiz-Palacios, G., & Prieto, P. (2001). Human milk oligosaccharides: a
novel method provides insight into human genetics. In Bioactive components of human milk. 8th
International Conference of the International Society for Research on Human Milk and Lactation.
Adv Exp Med Biol. https://doi.org/10.1007/978-1-4615-1371-1_36

Erney, R. M., Malone, W.T., Skelding, M. B., Marcon, A. A., Kleman-Leyer, K. M., O’'Ryan, M. L., Ruiz-
Palacios, G., Hilty, M. D., Pickering, L. K., & Prieto, P. A. (2000). Variability of human milk neutral
oligosaccharides in a diverse population. Journal of Pediatric Gastroenterology and Nutrition,
30(2), 181-192. https://doi.org/10.1097/00005176-200002000-00016

Fanaro, S. (2013). Feeding intolerance in the preterminfant. Early Human Development, 89(SUPPL2),
$13-S20. https://doi.org/10.1016/j.earlhumdev.2013.07.013

Fonvig, C. E., Amundsen, |. D., Vigsnaes, L. K., Sgrensen, N., Frithioff-Bgjsge, C., Christiansen, M., Hedley,
P.L.,Holm, L. A., McConnell, B., & Holm, J.-C. (2021). Human Milk Oligosaccharides Modulate
Fecal Microbiota and are Safe for Use in Children with overweight: An RCT. Journal of Pediatric
Gastroenterology and Nutrition.
https://journals.lww.com/jpgn/Fulltext/9000/Human_Milk_Oligosaccharides_Modulate_Fecal.95
632.aspx

FSANZ. (2019). Supporting document 1 Safety, technical and health effects assessment-Application
A1155 2’-FL and LNnT in infant formula and other products.

FSANZ. (2021). A1155 — 2’-FL and LNnT in infant formula and other products.
https://www.foodstandards.gov.au/code/applications/Pages/A1155.aspx

Gauer, R. L., Burket, J., & Horowitz, E. (2014). Common Questions About Outpatient Care of Premature
Infants (Vol. 90, Issue 4). www.aafp.org/afp.

Gnoth, M. J., Kunz, C., Kinne-Saffran, E., & Rudloff, S. (2000). Human milk oligosaccharides are
minimally digestedin vitro. Journal of Nutrition, 130(12), 3014-3020.
https://doi.org/10.1093/jn/130.12.3014

Page |42



GRAS Notice for 2’-FL Chr.HansenA/S

Gnoth, M. J., Rudloff, S., Kunz, C., & Kinne, R. K. H. (2001). Investigations of the in Vitro Transport of
Human Milk Oligosaccharides by a Caco-2 Monolayer Using a Novel High Performance Liquid
Chromatography-Mass Spectrometry Technique. Journal of Biological Chemistry, 276(37), 34363—
34370. https://doi.org/10.1074/jbc.M104805200

Goehring, K. C., Kennedy, A.D., Prieto, P. A., & Buck, R. H. (2014). Direct evidence for the presence of
human milk oligosaccharides in the circulation of breastfedinfants. PLoS ONE, 9(7).
https://doi.org/10.1371/journal.pone.0101692

Goehring, K. C., Marriage, B.J., Oliver, J. S., Wilder, J. A., Barrett, E. G., & Buck, R. H. (2016). Similar to
those who are breastfed, infants fed a formula containing 2’-fucosyllactose have lower
inflammatory cytokines in a randomized controlled trial. Journal of Nutrition, 146(12), 2559-2566.
https://doi.org/10.3945/jn.116.236919

Granger, C. L., Embleton, N. D., Palmer, J. M., Lamb, C. A., Berrington, J. E., & Stewart, C.J. (2021).
Maternal breastmilk, infant gut microbiome and the impact on preterminfant health. In Acta
Paediatrica, International Journal of Paediatrics (Vol. 110, Issue 2, pp. 450-457). Blackwell
Publishing Ltd. https://doi.org/10.1111/apa.15534

Grier, A., Laniewski, N., Gill, A. L., Kessler, H. A., Huyck, H., Carbonell, E., Holden-Wiltse, J.,
Bandyopadhyay, S., Carnahan, J., Dylag, A. M., Topham, D. J., Falsey, A.R., Caserta, M. T.,
Pryhuber, G.S., Gill, S. R., McDavid, A., & Scheible, K. M. (2020). Aberrant newborn T cell and
microbiota developmental trajectories predict respiratory compromise during infancy. BioRxiv,
736090. Cited in Callahanet al., 2021. https://doi.org/10.1101/736090

Halpern, M. D., & Denning, P. W. (2015). The role of intestinal epithelial barrier function in the
development of NEC. In Tissue Barriers(Vol. 3, Issue 1). Taylor and Francis Inc.
https://doi.org/10.1080/21688370.2014.1000707

Han, S. M., Derraik, J. G. B., Binia, A., Sprenger, N., Vickers, M. H., & Cutfield, W. S. (2021). Maternal and
Infant Factors Influencing Human Milk Oligosaccharide Composition: Beyond Maternal Genetics.
In Journal of Nutrition (Vol. 151, Issue 6, pp. 1383-1393). Oxford University Press.
https://doi.org/10.1093/jn/nxab028

Hanlon, P. R. (2020). A safety evaluation of mixed human milk oligosaccharides in neonatal farm piglets.
Toxicology Research and Application, 4,239784732097125.
https://doi.org/10.1177/2397847320971255

Hanlon, P.R., & Thorsrud, B. A. (2014). A 3-week pre-clinical study of 2’-fucosyllactose in farm piglets.
Food and Chemical Toxicology, 74, 343—348. https://doi.org/10.1016/j.fct.2014.10.025

Hascoét, J., Chevallier, M., Gire, C., Brat, R.,Roze, J., Norbert, K., Chen, Y., Hartweg, M., Buncic-
Markovic, J., & Billeaud, C. (2021). Effect of a liquid supplement containing 2 human milk
oligosaccharides (HMOs) in preterminfants: a multi-centered, double-blind, randomized,
controlled trial. 6th World Congress of Pediatric Gastroenterology, Hepatology and Nutrition,
Abstract #N-0-005. https://www.wcpghan2021.org/

Henderickx, J. G. E., Zwittink, R. D., VanLingen, R. A,, Knol, J., & Belzer, C. (2019). The preterm gut
microbiota: An inconspicuous challenge in nutritional neonatal care. In Frontiers in Cellular and

Page |43



GRAS Notice for 2’-FL Chr.HansenA/S

Infection Microbiology (Vol. 9, Issue APR, p. 85). Frontiers Media S.A.
https://doi.org/10.3389/fcimb.2019.00085

Hill, D.R., Chow, J. M., & Buck, R. H. (2021). Multifunctional Benefits of Prevalent HMOs: Implications
for Infant Health. Nutrients 2021, Vol. 13, Page 3364, 13(10), 3364.
https://doi.org/10.3390/NU13103364

Iribarren, C., Tornblom, H., Aziz, |., Magnusson, M. K., Sundin, J., Vigsnaes, L. K., Amundsen, |. D.,
McConnell, B., Seitzberg, D., Ohman, L., & Simrén, M. (2020). Human milk oligosaccharide
supplementation in irritable bowel syndrome patients: A parallel, randomized, double-blind,
placebo-controlled study. Neurogastroenterology and Motility, 32(10).
https://doi.org/10.1111/nmo.13920

JECFA. (2015). Octenyl succinic acid (OSA)—modified starch. In Safety evaluation of certain food
additives. WHO FOOD ADDITIVES SERIES: 70. Prepared by the Seventy-ninth meeting of the Joint
FAO/WHO Expert Committee on Food Additives (JECFA). (pp. 105—-138). World Health
Organization.
https://apps.who.int/iris/bitstream/handle/10665/171781/9789240693982_eng.pdf?sequence=3
H#page=113

JECFA. (2017). Pectin (addendum). In Safety evaluation of certain food additives. WHO FOOD ADDITIVES
SERIES: 73. Prepared by the eighty-second meeting of the Joint FAO/WHO Expert Committee on
Food Additives (JECFA). (pp. 73—86). World Health Organization.
https://apps.who.int/iris/bitstream/handle/10665/258934/9789241660730-eng. pdf#page=81

Jefferies, A. L., Lacaze, T., Newhook, L. A., Narvey, M. R., Peliowski, A., Sorokan, S. T., Whyte, H. E. A,,
Aylward, D. A., Gagnon, A., Gagnon, R., Ledn, J. A., Ng, E. H., O’Flaherty, P. A., & Watterberg, K.
(2014). Going home: Facilitating discharge of the preterminfant. Paediatrics and Child Health
(Canada), 19(1), 31-36. https://doi.org/10.1093/pch/19.1.31

Kajzer, J., Oliver, J., & Marriage, B. (2016). Gastrointestinal Tolerance of Formula Supplemented with
Oligosaccharides. The FASEB Journal, 30, 671.4-671.4.
https://doi.org/10.1096/FASEBJ.30.1_SUPPLEMENT.671.4

Klein, C.J. (2002). Nutrient requirements for preterminfant formulas. In Journal of Nutrition (Vol. 132,
Issue 6 SUPPL. 2). J Nutr. https://doi.org/10.1093/jn/132.6.1395s

Koletzko, B., Poindexter, B., & Uauy, R. (2014). Nutritional Care of Preterm Infants: Scientific Basis and
Practical Guidelines. In B. Koletzko, B. Poindexter, & R. Uauy (Eds.), World Review of Nutrition and
Dietetics (Vol. 110). S. Karger AG. https://doi.org/10.1159/isbn.978-3-318-02641-2

Kramer, M. S., & Kakuma, R. (2012). Optimal duration of exclusive breastfeeding. Cochrane Database of
Systematic Reviews, 2012(8), CD003517. https://doi.org/10.1002/14651858.CD003517.pub2

Kumar, R. K., Singhal, A., Vaidya, U., Banerjee, S., Anwar, F., & Rao, S. (2017). Optimizing Nutrition in
Preterm Low Birth Weight Infants—Consensus Summary. In Frontiers in Nutrition (Vol. 4).

Frontiers Media S.A. https://doi.org/10.3389/fnut.2017.00020

Kuntz, S., Kunz, C., Borsch, C., Vazquez, E., Buck, R., Reutzel, M., Eckert, G. P., & Rudloff, S. (2019).

Page |44



GRAS Notice for 2’-FL Chr.HansenA/S

Metabolic Fate and Distribution of 2°-Fucosyllactose: Direct Influence on Gut Microbial Activity
but not on Brain. Molecular Nutrition & Food Research, 63(13), 1900035.
https://doi.org/10.1002/MNFR.201900035

Kunz, C., Meyer, C., Collado, M. C., Geiger, L., Garcia-Mantrana, |., Bertua-Rios, B., Martinez-Costa, C.,
Borsch, C., & Rudloff, S. (2017). Influence of Gestational Age, Secretor, and Lewis Blood Group
Status on the Oligosaccharide Content of Human Milk. Journal of Pediatric Gastroenterology and
Nutrition, 64(5), 789—798. https://doi.org/10.1097/MPG.0000000000001402

Lapillonne, A., Bronsky, J., Campoy, C., Embleton, N., Fewtrell, M., Fidler Mis, N., Gerasimidis, K.,
Hojsak, ., Hulst, J., Indrio, F., Molgaard, C., Moltu, S. J., Verduci, E., & Domell6f, M. (2019).
Feeding the Late and Moderately Preterm Infant: A Position Paper of the European Society for
Paediatric Gastroenterology, Hepatology and Nutrition Committee on Nutrition. Journal of
Pediatric Gastroenterology and Nutrition, 69(2), 259-270.
https://doi.org/10.1097/MPG.0000000000002397

Leung, T.F., Ulfman, L. H., Chong, M. K. C., Hon, K. L., Khouw, |I. M. S. L., Chan, P. K. S., Delsing, D.J.,
Kortman, G. A. M., & Bovee-Oudenhoven, |. M. J. (2020). A randomized controlled trial of
different young child formulas on upper respiratory and gastrointestinal tract infections in
Chinese toddlers. Pediatric Allergy and Immunology, 31(7), 745—754.
https://doi.org/10.1111/pai.13276

Ma, B., Mccomb, E., Gajer, P., Yang, H., Humphrys, M., Okogbule-Wonodi, A. C., Fasano, A., Ravel, J., &
Viscardi, R. M. (2018). Microbial biomarkers of intestinal barrier maturationin preterm infants.
Frontiers in Microbiology, 9(NOV), 2755. https://doi.org/10.3389/fmicb.2018.02755

Marriage, B.J., Buck, R. H., Goehring, K. C., Oliver, J.S., & Williams, J. A. (2015). Infants Fed a Lower
Calorie Formula with 2 ' FL Show Growthand 2’ FL Uptake Like Breast-Fed Infants. Journal of
Pediatric Gastroenterology and Nutrition, 61(6), 649—658.
https://doi.org/10.1097/MPG.0000000000000889

McGuire, M. K., Meehan, C. L., McGuire, M. A., Williams, J. E., Foster, J., Sellen, D. W., Kamau-Mbuthia,
E. W., Kamundia, E. W., Mbugua, S., Moore, S. E., Prentice, A. M., Kvist, L. J., Otoo, G. E., Brooker,
S. L., Price, W. J., Shafii, B., Placek, C., Lackey, K. A., Robertson, B., ... Bode, L. (2017). What’s
normal? Oligosaccharide concentrations and profiles in milk produced by healthy women vary
geographically. American Journal of Clinical Nutrition, 105(5), 1086—1100.
https://doi.org/10.3945/ajcn.116.139980

Mugambi, M. N., Musekiwa, A., Lombard, M., Young, T., & Blaauw, R. (2012). Probiotics, prebiotics
infant formula use in preterm or low birth weight infants: a systematic review.
www.clinicaltrialresults.org.

National Institutes of Health. (2019). NIH Guidelines for Research Involving Recombinant or Synthetic
Nucleic Acid Molecules. https://osp.od.nih.gov/biotechnology/nih-guidelines/

Nowak-Wegrzyn, A., Czerkies, L., Reyes, K., Collins, B., & Heine, R. G. (2019). Confirmed
hypoallergenicity of a novel whey-based extensively hydrolyzed infant formula containing two
human milk oligosaccharides. Nutrients, 11(7). https://doi.org/10.3390/nu11071447

Page |45



GRAS Notice for 2’-FL Chr.HansenA/S

Obermeier, S., Rudloff, S., Pohlentz, G., Lentze, M. J., & Kunz, C. (1999). Secretion of13C-labelled
oligosaccharides into human milk and infant’s urine after an oral [13C]galactose load. Isotopesin
Environmental and Health Studies, 35(1-2), 119-125.
https://doi.org/10.1080/10256019908234084

Olin, A., Henckel, E., Chen, Y., Lakshmikanth, T., Pou, C., Mikes, J., Gustafsson, A., Bernhardsson, A. K.,
Zhang, C., Bohlin, K., & Brodin, P. (2018). Stereotypic Immune System Development in Newborn
Children. Cell, 174(5), 1277-1292.e14. https://doi.org/10.1016/j.cell.2018.06.045

Palsson, O.S., Peery, A., Seitzberg, D., Amundsen, |. D., McConnell, B., & Simrén, M. (2020). Human
Milk Oligosaccharides Support Normal Bowel Function and Improve Symptoms of Irritable Bowel
Syndrome: A Multicenter, Open-Label Trial. Clinical and Translational Gastroenterology, 11(12),
e00276. https://doi.org/10.14309/ctg.0000000000000276

Parschat, K., Melsaether, C., Japelt, K. R., & Jennewein, S. (2021). Clinical Evaluation of 16-Week
Supplementation with 5SHMO-Mix in Healthy-Term Human Infants to Determine Tolerability,
Safety, and Effect on Growth. Nutrients 2021, Vol. 13, Page 2871, 13(8), 2871.
https://doi.org/10.3390/NU13082871

Parschat, K., Oehme, A., Leuschner, J., Jennewein, S., & Parkot, J. (2020). A safety evaluation of mixed
human milk oligosaccharides in rats. Food and Chemical Toxicology, 136.
https://doi.org/10.1016/j.fct.2020.111118

Phipps, K. R., Baldwin, N., Lynch, B., Flaxmer, J., Soltésova, A., Gilby, B., Mik§, M. H., & Réhrig, C. H.
(2018). Safety evaluation of a mixture of the human-identical milk oligosaccharides 2'-
fucosyllactose and difucosyllactose. Food and Chemical Toxicology, 120, 552-565.
https://doi.org/10.1016/j.fct.2018.07.054

Pound, C. M., Unger, S. L., Society, C. P., Section, H. P., & Committee, N. and G. (2012). The Baby-
Friendly Initiative: Protecting, promoting and supporting breastfeeding. Paediatrics and Child
Health, 17(6), 317. https://doi.org/10.1093/pch/17.6.317

Puccio, G., Alliet, P., Cajozzo, C., Janssens, E., Corsello, G., Sprenger, N., Wernimont, S., Egli, D.,
Gosoniu, L., & Steenhout, P. (2017). Effects of infant formula with human milk oligosaccharides on
growth and morbidity: A randomized multicenter trial. Journal of Pediatric Gastroenterology and
Nutrition, 64(4), 624—631. https://doi.org/10.1097/MPG.0000000000001520

Ramirez-Farias, C.,Baggs, G. E., & Marriage, B. J. (2021). Growth, tolerance, and compliance of infants
fed an extensively hydrolyzed infant formula with added 2'-fl fucosyllactose (2'-fl) human milk
oligosaccharide. Nutrients, 13(1), 1-7. https://doi.org/10.3390/nu13010186

Reverri, E. J., Devitt, A. A., Kajzer, J. A., Baggs, G. E., & Borschel, M. W. (2018). Review of the clinical
experiences of feeding infants formula containing the human milk oligosaccharide 2'-
fucosyllactose. In Nutrients (Vol. 10, Issue 10). MDPI AG. https://doi.org/10.3390/nu10101346

Riechmann, E. R., Moreno Villares, J. M., Dominguez Ortega, F., Carmona Martinez, A., Picd Sirvent, L.,
Santana Sandoval, L., Casas Rivero, J., Alshweki, A., Cercamondi, C., Dahbane,S., & Vidal-Guevara,
M. L. (2020). Real-world study in infants fed with an infant formula with two human milk
oligosaccharides. Nutricion Hospitalaria, 37(4), 698—706. https://doi.org/10.20960/nh.03084

Page |46



GRAS Notice for 2’-FL Chr.HansenA/S

Rouwet, E. V., Heineman, E., Buurman, W. A, Riet, G. T., Ramsay, G., & Blanco, C. E. (2002). Intestinal
permeability and carrier-mediated monosaccharide absorption in preterm neonates during the
early postnatal period. Pediatric Research, 51(1), 64—70. https://doi.org/10.1203/00006450-
200201000-00012

Rudloff, S., Pohlentz, G., Borsch, C., Lentze, M. J., & Kunz, C. (2012). Urinary excretion of in vivo 13C-
labelled milk oligosaccharides in breastfedinfants. The British Journal of Nutrition, 107(7), 957—
963. https://doi.org/10.1017/50007114511004016

Rudloff, S., Pohlentz, G., Diekmann, L., Egge, H., & Kunz, C. (1996). Urinary excretion of lactose and
oligosaccharides in preterm infants fed human milk or infant formula. Acta Paediatrica,
International Journal of Paediatrics, 85(5), 598—603. https://doi.org/10.1111/j.1651-
2227.1996.tb14095.x

Ruhaak, L. R., Stroble, C., Underwood, M. A., & Lebrilla, C. B. (2014). Detection of milk oligosaccharides
in plasma of infants. Analytical and Bioanalytical Chemistry, 406(24), 5775-5784.
https://doi.org/10.1007/s00216-014-8025-z

Ryan, J.J., Monteagudo-Mera, A., Contractor, N., & Gibson, G. R. (2021). Impact of 2'-fucosyllactose on
gut microbiota composition in adults with chronic gastrointestinal conditions: Batch culture
fermentation model and pilot clinical trialfindings. Nutrients, 13(3), 1-16.
https://doi.org/10.3390/nu13030938

Saleem, B., Okogbule-Wonodi, A. C., Fasano, A., Magder, L. S., Ravel, J., Kapoor, S., & Viscardi, R. M.
(2017). Intestinal Barrier Maturation in Very Low Birthweight Infants: Relationship to Feeding and
Antibiotic Exposure. Journal of Pediatrics, 183, 31-36.e1.
https://doi.org/10.1016/j.jpeds.2017.01.013

Shulman, R. J., Schanler, R.J., Lau, C., Heitkemper, M., Ou, C. N., & O’Brian Smith, E. (1998). Early
feeding, antenatal glucocorticoids, and human milk decrease intestinal permeabilityin preterm
infants. Pediatric Research, 44(4), 519-523. https://doi.org/10.1203/00006450-199810000-00009

Soyyilmaz, B., Mik§, M. H., Rohrig, C. H., Matwiejuk, M., Meszaros-Matwiejuk, A., & Vigsnaes, L. K.
(2021). The Mean of Milk: A Review of Human Milk Oligosaccharide Concentrations throughout
Lactation. Nutrients 2021, Vol. 13, Page 2737, 13(8), 2737. https://doi.org/10.3390/NU13082737

Srinivasjois, R., Rao, S., & Patole, S. (2013). Prebiotic supplementation in preterm neonates: Updated
systematic review and meta-analysis of randomised controlled trials. Clinical Nutrition, 32(6),
958-965. https://doi.org/10.1016/j.clnu.2013.05.009

Stewart, D. L., & Barfield, W. D. (2019). Updates on an at-risk population: Late-preterm andearly-term
infants. Pediatrics, 144(5). https://doi.org/10.1542/peds.2019-2760

Storm, H. M., Shepard, J., Czerkies, L. M., Kineman, B., Cohen, S.S., Reichert, H., & Carvalho, R. (2019).
2'-Fucosyllactose Is Well Toleratedin a 100% Whey, Partially Hydrolyzed Infant Formula With

Bifidobacterium lactis: ARandomized Controlled Trial. Global Pediatric Health, 6.
https://doi.org/10.1177/2333794X19833995

Taylor, S. N., Basile, L. A., Ebeling, M., & Wagner, C. L. (2009). Intestinal permeabilityin preterminfants

Page |47



GRAS Notice for 2’-FL Chr.HansenA/S

by feeding type: Mother’s milk versus formula. Breastfeeding Medicine, 4(1), 11-15.
https://doi.org/10.1089/bfm.2008.0114

Thurl, S., Miller-Werner, B., & Sawatzki, G. (1996). Quantification of individual oligosaccharide
compounds from human milk using high-pH anion-exchange chromatography. Analytical
Biochemistry, 235(2), 202—206. https://doi.org/10.1006/abio.1996.0113

Thurl, S., Munzert, M., Boehm, G., Matthews, C., & Stahl, B. (2017). Systematic review of the
concentrations of oligosaccharides in human milk. Nutrition Reviews, 75(11), 920-933.
https://doi.org/10.1093/nutrit/nux044

Tudehope, D., Fewtrell, M., Kashyap, S., & Udaeta, E. (2013). Nutritional needs of the micropreterm
infant. Journal of Pediatrics, 162(3 SUPPL.). https://doi.org/10.1016/j.jpeds.2012.11.056

Underwood, M. A., Gaerlan, S., De Leoz, M. L. A., Dimapasoc, L., Kalanetra, K. M., Lemay, D. G.,
German, J. B., Mills, D. A., & Lebrilla, C. B. (2015). Human milk oligosaccharides in premature
infants: Absorption, excretion, and influence on the intestinal microbiota. Pediatric Research,
78(6), 670—677. https://doi.org/10.1038/pr.2015.162

Urashima, T., Asakuma, S., Leo, F., Fukuda, K., Messer, M., & Oftedal, O. T. (2012). The predominance of
type | oligosaccharides is a feature specific to human breast milk. Advances in Nutrition, 3(3).
https://doi.org/10.3945/an.111.001412

Van Belkum, M., Mendoza Alvarez, L., & Neu, J. (2020). Preterm neonatal immunology at the intestinal
interface. In Cellular and Molecular Life Sciences (Vol. 77, Issue 7, pp. 1209-1227). Springer.
https://doi.org/10.1007/s00018-019-03316-w

Van Berlo, D., Wallinga, A. E., Van Acker, F. A., & Delsing, D.J. (2018). Safety assessment of
biotechnologically produced 2'-Fucosyllactose, a novel food additive Human milk oligosaccharide
Safety Infant formula Repeated dose toxicity Genotoxicity. Food and Chemical Toxicology, 118,
84-93. https://doi.org/10.1016/j.fct.2018.04.049

Van Elburg, R. M., Fetter, W. P. F., Bunkers, C. M., & Heymans, H. S. A. (2003). Intestinal permeabilityin
relation to birth weight and gestational and postnatalage. Archives of Disease in Childhood: Fetal
and Neonatal Edition, 88(1). https://doi.org/10.1136/fn.88.1.f52

Vandenplas, Y., de Halleux, V., Arciszewska, M., Lach, P., Pokhylko, V., Klymenko, V., Schoen, S.,
Abrahamse-Berkeveld, M., Mulder, K. A., & Rubio, R. P. (2020). A partly fermented infant formula
with postbiotics including 3'-GL, specific oligosaccharides, 2'-FL, and milk fat supports adequate
growth, is safe and well-toleratedin healthy term infants: A double-blind, randomised, controlled,
multi-country trial. Nutrients, 12(11), 1-17. https://doi.org/10.3390/nu12113560

Vazquez, E., Santos-Fandila, A., Buck, R., Rueda, R., & Ramirez, M. (2017). Major human milk
oligosaccharides are absorbedinto the systemic circulation after oral administrationin rats.
British Journal of Nutrition, 117(2), 237—247. https://doi.org/10.1017/S0007114516004554

Vizzari, G., Morniroli, D., Ceroni, F., Verduci, E., Consales, A., Colombo, L., Cerasani, J., Mosca, F., &
Gianni, M. L. (2021). Human Milk, More Than Simple Nourishment. Children 2021, Vol. 8, Page
863, 8(10), 863. https://doi.org/10.3390/CHILDREN8100863

Page |48



GRAS Notice for 2’-FL Chr.HansenA/S

Walsh, C., Lane, J. A., vanSinderen, D., & Hickey, R. M. (2020). From lab bench to formulated
ingredient: Characterization, production, and commercialization of human milk oligosaccharides.
Journal of Functional Foods, 72,104052. https://doi.org/10.1016/j.jff.2020.104052

Weaver, L. T., Laker, M. F., & Nelson, R. (1984). Intestinal permeabilityin the newborn. Archives of
Disease in Childhood, 59(3), 236—241. https://doi.org/10.1136/adc.59.3.236

Westerbeek, E., VanDenBerg, A., Lafeber, H. N., Fetter, W. P. F., & Van Elburg, R. M. (2011). The effect
of enteral supplementation of a prebiotic mixture of non-human milk galacto-, fructo-and acidic
oligosaccharides on intestinal permeability in preterminfants. British Journal of Nutrition, 105(2),
268-274. https://doi.org/10.1017/5S0007114510003405

WHO. (2009). Infant and young child feeding : model chapter for textbooks for medical students and
allied health professionals. World Health Organization.
https://apps.who.int/iris/handle/10665/44117

WHO. (2018). Preterm birth- World Health Organization Factsheet. https://www.who.int/news-
room/fact-sheets/detail/preterm-birth

WHO. (2021). Infant and young child feeding - World Health Organization Factsheet.
https://www.who.int/en/news-room/fact-sheets/detail/infant-and-young-child-feeding

Whyte, R. K., Hilliard, R. I., Jefferies, A. L., Peliowski-Davidovich, A., Sorokan, S.T., & Whyte, H. E. A.
(2010). Safe discharge of the late preterminfant. In Paediatrics and Child Health (Vol. 15, Issue 10,
pp. 655-660). Pulsus Group Inc. https://doi.org/10.1093/pch/15.10.655

Yeung, C.H.T., Fong, S., Malik, P. R. V., & Edginton, A. N. (2020). Quantifying breast milk intake by term
and preterm infants for input into paediatric physiologically based pharmacokinetic models. In
Maternal and Child Nutrition (Vol. 16, Issue 2, p. €12938). Blackwell Publishing Ltd.
https://doi.org/10.1111/mcn.12938

Young, L., Embleton, N. D., & Mcguire, W. (2016). Nutrient-enriched formula versus standard formula
for preterm infants following hospital discharge. In Cochrane Database of Systematic Reviews
(Vol. 2016, Issue 12). John Wiley and Sons Ltd. https://doi.org/10.1002/14651858.CD004696.pub5

Ziegler, E. E. (2019). Human milk-a valuable tool in the early days of life of prematureinfants. In
Frontiers in Pediatrics (Vol. 7, Issue JULY, p. 266). Frontiers Media S.A.
https://doi.org/10.3389/fped.2019.00266

Page |49



Appendix A

FDA’s Response Letter to the Supplement for GRN No. 571



Gavin Thompson

Environ International Corporation
1702 E. Highland Ave., Suite 412
Phoenix, AZ 85016

Re: GRAS Notice No. GRN 000571
Dear Dr. Thompson:

The Food and Drug Administration (FDA, we) completed our evaluation of the
supplement that you submitted on behalf of Jennewein Biotechnologie, GmgH
(Jennewein) to GRN 000571. We received the supplement on July 10, 2019. The
supplement addresses a change in the production organism for the production of 2'-
fucosyllactose (2'-FL).

We previously responded to GRN 000571 on November 6. 2016. We stated that we had
no questions at that time regarding Jennewein’s conclusion that that 2'-FL is GRAS for
use as an ingredient in non-exempt, milk-based infant formulas for term infants and in
toddler formulas at a maximum use level of 2 g/L of reconstituted formula.

In the supplement received July 10, 2019, Jennewein informs us of its view that
changing the organism for the production of 2'-FL from the genetically engineered
Escherichia coli BL21 (DE3) #1540 strain to its parent strain (the genetically engineered
E. coli BL21 (DE3) #1242 strain) and also including the addition of food-grade lactase at
the end of the process if there is excess lactose present at the end of the production run
is GRAS, through scientific procedures, for use as an ingredient in non-exempt, milk-
based infant formulas for term infants and in toddler formulas at a maximum use level
of 2 g/L of reconstituted formula.

Jennewein provided information on the genetic engineering of E. coli BL21 (DE3) #1242
in the original submission, GRN 000571. The single difference between strains #1540
and #1242 is a high-temperature expressed lactase used to remove excess lactose from
the manufacturing process. In the supplement, Jennewein states that the substitution of
extraneously added food-grade lactase will have no effect on the identity and safety of 2'-
FL.

Based on the totality of the data and information available, Jennewein concludes that 2'-
FL produced using the modified manufacturing process using the progenitor E. coli
strain #1242 is GRAS for its intended use as an ingredient in non-exempt, milk-based
infant formulas for term infants and in toddler formulas at a maximum level of 2 g/L of
reconstituted formula.

U.S. Food and Drug Administration

Center for Food Safety & Applied Nutrition

5001 Campus Drive

College Park, MD 20740
www.fda.gov
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Potential Labeling Issues

Under section 403(a) of the Federal Food, Drug, and Cosmetic Act (FD&C Act), a food is
misbranded if its labeling is false or misleading in any way. Section 403(r) of the FD&C
Act lays out the statutory framework for labeling claims characterizing a nutrient level in
a food or the relationship of a nutrient to a disease or health-related condition (also
referred to as nutrient content claims and health claims). If products containing 2’-FL
bear any nutrient content or health claims on the label or in labeling, such claims are
subject to the applicable requirements and are under the purview of the Office of
Nutrition and Food Labeling (ONFL) in the Center for Food Safety and Applied
Nutrition. The Office of Food Additive Safety did not consult with ONFL on this issue or
evaluate any information in terms of labeling claims. Questions related to food labeling
should be directed to ONFL.

Intended Use in Infant Formula

Under section 412 of the FD&C Act, a manufacturer of a new infant formula must make
a submission to FDA providing required assurances about the formula at least 9o days
before the formula is marketed. Our response to Jennewein’s supplement does not
alleviate the responsibility of any infant formula manufacturer that intends to market an
infant formula containing 2’-FL to make the submission required by section 412. Infant
formulas are the purview of ONFL.

Section 301(11) of FD&C Act

Section 301(1l) of the FD&C Act prohibits the introduction or delivery for introduction
into interstate commerce of any food that contains a drug approved under section 505 of
the FD&C Act, a biological product licensed under section 351 of the Public Health
Service Act, or a drug or a biological product for which substantial clinical investigations
have been instituted and their existence made public, unless one of the exemptions in
section 301(11)(1)-(4) applies. In our evaluation of Jennewein’s supplement concluding
that 2’-FL is GRAS under its intended conditions of use, we did not consider whether
section 301(11) or any of its exemptions apply to foods containing 2'-FL. Accordingly, our
response should not be construed to be a statement that foods containing 2'-FL, if
introduced or delivered for introduction into interstate commerce, would not violate
section 301(11).

Conclusions

Based on the information that Jennewein provided, as well as other information
available to FDA, we have no questions at this time regarding Jennewein’s conclusion
that 2'-FL is GRAS under its intended conditions of use. This letter is not an affirmation
that 2'-FL is GRAS under 21 CFR 170.35. Unless noted above, our review did not address
other provisions of the FD&C Act. Food ingredient manufacturers and food producers
are responsible for ensuring that marketed products are safe and compliant with all
applicable legal and regulatory requirements.
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In accordance with 21 CFR 170.275(b)(2), the text of this letter responding to the
supplement to GRN 000571 is accessible to the public at
www.fda.gov/grasnoticeinventory.

Sincerely,

Susan J. Digtallysigned by Susan
Carlson -S E)ast'g:o?019.11.0813:53:50
Susan Carlson, Ph.D.

Director

Division of Food Ingredients
Office of Food Additive Safety
Center for Food Safety

and Applied Nutrition
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