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Glycom A/S Kogle Allé 4 2970 Harsholm, Denmark

%)
21 November 2018 3} @

Dr. Paulette Gaynor

Office of Foad Additive Safety (HFS-200)

Center for Food Safety and Applied Nutrition (CFSAN)
Food and Drug Administration

5001 Campus Drive

College Park, MD

20740 USA

Dear Dr. Gaynor:

Re: GRAS Notice for lacto-N-tetraose (LNT)

In accordance with 21 CFR §170 Subpart E consisting of §§ 170.203 through 170.285, Glycom A/S [Kogle
Allé 4 2970 Hgrsholm, Denmark], as the notifier, is submitting one hard copy and one electronic copy (on
CD), of all data and information supparting the company’s conclusion that lacto-N-tetraose (LNT) produced
with an E. coli K12 (DH1)-derived strain, is GRAS on the basis of scientific procedures, for use in non-exempt
term infant formula and specified conventional food and beverage products across multiple categories;
these food uses of LNT are therefore not subject to the premarket approval requirements of the Federal
Food, Drug and Cosmetic Act. Information setting forth the basis for Glycom’s GRAS conclusion, as well as a
consensus opinion of an independent panel of experts, also are enclosed for review by the agency.

| certify that the enclosed electronic files were scanned for viruses prior to submission and are thus
certified as being virus-free using S’ intec Endpoint Protection 12.1.5.

Should you have any questions or concerns regarding this GRAS notice, please do not hesitate to contact
me at any point during the review process so that we may provide a response in a timely manner.

Sincerely,

Christi
Senior
Head ¢
Glycor... ., -
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From: Christoph Réhrig

To: Morissette, Rachel
Cc: Marta Hanna Miks
Subject: RE: questions for GRN 833
Date: Wednesday, May 22, 2019 7:23:09 AM
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Glycom Response to FDA Questions GRN 0008833 - May 22"19 - final.pdf
GRAS Notice for lacto-N-tetraose - Revised page 5.pdf

GRAS Notice for lacto-N-tetraose - Revised page 7.pdf

GRAS Notice for lacto-N-tetraose - Revised page 13.pdf

GRAS Notice for lacto-N-tetraose - Revised page 14.pdf

GRAS Notice for lacto-N-tetraose - Revised pages 20-23.pdf

Dear Rachel,

With many thanks for your kind patience do | provide the responses on FDA’s letter from 3" of May.
The last minute error that we noticed, and that caused the delay, is explained and addressed in the

response on question 11.

Since your letter asked us not to provide an entire updated notice we do provide replacement pages
specifically, when corrections were requested, or when errors were noticed.

In case that you would prefer an updated notice containing all corrections please let us know (some
of the responses, e.g. question 12, weren’t addressed by replacement pages since page breaks
would have been introduced).

Please don’t hesitate to get back to us in case of any questions you may find. | would kindly ask you
to copy also my colleague Marta (here in cc).

Sincerely,
Christoph

Christoph H. Rohrig
PhD, Senior Scientist
Head of Regulatory & Scientific Affairs

Glycom A/S
Kogle Allé 4

2970 Hgrsholm
Denmark

TIf  +45 28263724
Fax +45 4593 3968

christoph.roehrig@glycom.com

www.glycom.com

CONFIDENTIALITY NOTICE: This message contains information that is privileged and/or confidential under applicable law. This
message is intended for the sole use of the individual and entity to whom it is addressed. You are hereby notified that any
distribution, copying, or other use of this message by someone other than the addressee or its designated agent is strictly
prohibited. If your receipt of this e-mail is in error, please notify the sender immediately by electronic mail, and delete this


http:www.glycom.com
mailto:christoph.roehrig@glycom.com

message and all copies and backups thereof immediately. Thank you.

From: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov>
Sent: 21. maj 2019 15:44

To: Christoph Rohrig <Christoph.Roehrig@glycom.com>
Subject: RE: questions for GRN 833

Hi Christoph,
Tomorrow will be fine.

Best,

Rachel

Rachel Morissette, Ph.D.
Regulatory Review Scientist

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety
U.S. Food and Drug Administration

rachel.morissette@fda.hhs.gov

U.S. FOOD & DRUG

ADMINISTRATION
Ado-n

From: Christoph Rohrig <Christoph.Roehri lycom.com>
Sent: Tuesday, May 21, 2019 9:31 AM

To: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov>
Subject: RE: questions for GRN 833

Dear Rachel,

While addressing FDA’s questions on GRN833 we noticed a systematic error in some of our stability
data tables literally last minute before sending you our response letter.

We have these currently fixed, and include the explanation and correction of the error in our
response letter.

| trust we are able to send you the response letter now tomorrow. Apologies for the delay.

Kind regards,
Christoph

Christoph H. Rohrig
PhD, Senior Scientist
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Head of Regulatory & Scientific Affairs

Glycom A/S
Kogle Allé 4

2970 Hgrsholm
Denmark

TIf  +45 28263724
Fax +45 4593 3968

christoph.roehrig@glycom.com

www.glycom.com

CONFIDENTIALITY NOTICE: This message contains information that is privileged and/or confidential under applicable law. This
message is intended for the sole use of the individual and entity to whom it is addressed. You are hereby notified that any
distribution, copying, or other use of this message by someone other than the addressee or its designated agent is strictly
prohibited. If your receipt of this e-mail is in error, please notify the sender immediately by electronic mail, and delete this
message and all copies and backups thereof immediately. Thank you.

From: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov>
Sent: 6. maj 2019 15:35

To: Christoph Rohrig <Christoph.Roehri lycom.com>
Subject: RE: questions for GRN 833

Thank you!

Rachel

Rachel Morissette, Ph.D.
Regulatory Review Scientist

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety
U.S. Food and Drug Administration

rachel.morissette@fda.hhs.gov

U.S. FOOD & DRUG

ADMINISTRATION
f v o JEN &

From: Christoph Réhrig <Christoph.Roehri lycom.com>
Sent: Monday, May 06, 2019 9:28 AM

To: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov>
Subject: RE: questions for GRN 833

Dear Rachel,

OK, great, many thanks for these additional comments on the timing. The additional days may come
in useful potentially.

| wish you safe travels for that weekend!
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Kind regards,
Christoph

Christoph H. Rohrig
PhD, Senior Scientist
Head of Regulatory & Scientific Affairs

Glycom A/S
Kogle Allé 4

2970 Hgrsholm
Denmark

TIf  +452826 3724
Fax +45 4593 3968

christoph.roehrig@glycom.com
www.glycom.com

CONFIDENTIALITY NOTICE: This message contains information that is privileged and/or confidential under applicable law. This
message is intended for the sole use of the individual and entity to whom it is addressed. You are hereby notified that any
distribution, copying, or other use of this message by someone other than the addressee or its designated agent is strictly
prohibited. If your receipt of this e-mail is in error, please notify the sender immediately by electronic mail, and delete this
message and all copies and backups thereof immediately. Thank you.

From: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov>
Sent: 6. maj 2019 15:19

To: Christoph Rohrig <Christoph.Roehri lycom.com>
Subject: RE: questions for GRN 833

Dear Christoph,

Thank you for your response. Yes, close of business on the 17t would be 10 business days, but don’t

worry if it's a few days late. | will be out of town until May 20, so if you send it by then that would be ok
too. | won'’t see the responses until | check my email on the 218t anyway.

Best,

CRachel

Rachel Morissette, Ph.D.
Regulatory Review Scientist

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety
U.S. Food and Drug Administration

rachel.morissette@fda.hhs.gov

U.S. FOOD & DRUG

ADMINISTRATION

Ao - B
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From: Christoph Réhrig <Christoph.Roehri lycom.com>
Sent: Monday, May 06, 2019 4:53 AM

To: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov>
Subject: RE: questions for GRN 833

Dear Dr. Morissette,

Thank you for sending us your questions on our GRAS notice for the human-identical milk
oligosaccharide lacto-N-tetraose (LNT), filed by you as GRN 833.

| confirm receipt of your email, and trust that we will be able to respond to you within the requested
10 business days. Am | right to understand that means by the end of your office hours on Friday,
May 177

Kind regards,
Christoph

Christoph H. Rohrig
PhD, Senior Scientist
Head of Regulatory & Scientific Affairs

Glycom A/S
Kogle Allé 4

2970 Hgrsholm
Denmark

TIf  +45 2826 3724
Fax +45 4593 3968

christoph.roehrig@glycom.com

WWw.glycom.com

CONFIDENTIALITY NOTICE: This message contains information that is privileged and/or confidential under applicable law. This
message is intended for the sole use of the individual and entity to whom it is addressed. You are hereby notified that any
distribution, copying, or other use of this message by someone other than the addressee or its designated agent is strictly
prohibited. If your receipt of this e-mail is in error, please notify the sender immediately by electronic mail, and delete this
message and all copies and backups thereof immediately. Thank you.

From: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov>
Sent: 3. maj 2019 17:51

To: Christoph Rohrig <Christoph.Roehri lycom.com>
Subject: questions for GRN 833

Dear Dr. Réhrig,

Please see attached questions to be addressed for GRN 000833. Please let me know if you have any
questions at this time.

Best regards,
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Rachel

Rachel Morissette, Ph.D.
Regulatory Review Scientist

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety
U.S. Food and Drug Administration

rachel.morissette@fda.hhs.gov

p2Y U.S. FOOD & DRUG

ADMINISTRATION
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Glycom A/S, Kogle Allé 4, 2970 Harsholm, Denmark

22 May 2019

Rachel Morissette

Regulatory Review Scientist

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

Division of Biotechnology and GRAS Notice Review
Food and Drug Administration

5001 Campus Drive

College Park, MD

20740-3835 USA

Re: GRAS Notice No. GRN 000833

Dear Dr. Morissette,

Please see the below responses to the United States (U.S.) Food and Drug Administration (FDA)’s letter dated
03 May 2019 pertaining to information provided within Glycom A/S (Glycom)’s Generally Recognized as Safe
(GRAS) Notice for lacto-N-tetraose (LNT) filed by the Agency under GRN 833.

FDA.1. On pages 4 and 5 of the notice, Glycom refers to “follow-on formula” and “toddler formula.” As these
terms do not have a regulatory definition, please describe what population is meant by these terms and
whether they are the same or different.

Follow-on formula and toddler formula are used interchangeably in the notice. Follow-on formula/toddler
formula is defined by the World Health Organization as “food intended for use as a liquid part of the weaning
diet for the infant from the 6" month on and for young children” (WHO, 2001).

FDA.2. Please clarify if LNT is intended to be formulated with other human milk-like oligosaccharides
(HMOs), such as FOS, GOS, 2'-FL, LNnT, and other indigestible oligosaccharides on the market. What is the
target level of total HMOs in infant formula?

Similar to other human-identical milk oligosaccharides (HiMOs), LNT is intended for addition to infant formula
to produce an infant formula that is compositionally representative of human breast milk. To this end, LNT
may be added together with other human-identical milk oligosaccharides (HiMOs) such as LNnT and 2’-FL, to

1 WHo (2001). Follow-up Formula in the Context of the International Code of Marketing of Breast-Milk Substitutes. (Briefing Note).
World Health Organization (WHO). Available at: https://www.who.int/nutrition/follow-up_formula_eng.pdf.


https://www.who.int/nutrition/follow-up_formula_eng.pdf

match the levels in breast milk taking into account natural variation. Since Glycom is not manufacturing final
infant nutrition products, we are not in the position to comment on the potential intention of infant nutrition
manufacturers to combine HiMOs with other indigestible oligosaccharides on the market or on the target level
of total HiMOs in infant formula.

Glycom is aware of the obligation of infant nutrition manufacturers to notify innovative infant formula recipes
containing human-identical milk oligosaccharides — including LNT — with appropriate data before launching on
the U.S. marketplace and trust that any given combination or addition level is supported specifically.

FDA.3. Please clarify the food uses in infant and toddler foods. Does “other baby foods” (and corresponding
RACC values) refer to all foods listed in 21 CFR 101.12, including cereal and grain products (ready-to-eat
(RTE): 7 g infants, 20 g toddler; all others: 7 g); dinners, desserts, fruits, vegetables, soups (ready-to-serve
(RTS) junior type or strained: 110 g; dry mix type: 15 g); RTS dinners, stews, or soups for toddlers: 170 g; RTS
fruits for toddlers: 125 g; RTS vegetables for toddlers: 70 g; RTS egg/egg yolk: 55 g; and juice, all varieties:
120 mL?

The proposed food-use “other baby foods” includes all foods targeted towards infants and young children 1 to
3 years of age. All food codes in the U.S. National Health and Nutrition Examination Survey (NHANES)
2013-2014 dataset described with the term “baby food” were assumed to target this population group and
were selected for the intake assessment. Thus, the exposure assessment accounted for all foods for infants and
young children listed in the 21 CFR §101.12, including cereal and grain products, dinners, desserts, fruits,
vegetables, soups, ready-to-serve dinners, stews, soups, fruits, and vegetables. It should be noted that juices
are included under the intended use of “other drinks for young children.”

Furthermore, it should be noted that the Reference Amounts Customarily Consumed per Eating Occasion
(RACCs) provided in Table 1.3-1 were for reference purposes only. Use levels applied in the intake assessment
were those expressed on a g/kg or g/L basis and are thus dependent on the amount of food consumed rather
than the serving size.

FDA.4. Please revise the footnote in Table 1.3-1 “LNT is intended for use in unstandardized products when
standards of identity do not permit its addition.” to “LNT is intended for use in unstandardized products and
not in foods where standards of identity exist and do not permit its addition.”

The footnote in Table 1.3-1 of the GRAS Notice has been revised to “LNT is intended for use in unstandardized
products and not in foods where standards of identity exist and do not permit its addition.” A replacement
page (page 5) has been provided.

FDA.5. Please correct the molecular formula for LNT shown on page 7 of the notice.

We apologize for the typo on page 7 of the Notice, where the LNT molecular formula (on page 7) omitted the
Nitrogen N (“CzsH45021”). The correct molecular formula of LNT is C26H4sNO21. The correction has been
implemented and a replacement page (page 7) has been provided.



FDA.6. Please provide a description of the media and confirm if it is described in a prior GRN. Please also
indicate if all media materials are food-grade. Please clarify what “allergen-free (except for milk-derived
allergens)” means on page 12 of the notice. Is the media milk-based or does this refer to lactose?

Previous references (e.g. GRN 650, GRN 659) to the growth media used for microbial production of similar
human-identical milk oligosaccharides was limited to the general statement: “Fermentation is performed in a
chemically-defined, salt-based, minimal growth medium that excludes the use of antibiotics.”

The growth medium consists of the following raw materials and processing aids:

NAME TECHNICAL FUNCTION FORMULA

Purified water (PW) Solvent H,0

Sucrose (saccharose) or glucose Raw material C12H22011 or CgH1206
Lactose monohydrate Substrate C12H22011x H,0
Ammonia gas Nitrogen source NH3

Ammonium sulfate "Nitrogen source (NH,),S04
Phosphoric acid "Phosphor source H3PO4

Potassium hydroxide "pH-adjustment KOH

Citric acid hydrate

"pH-adjustment

C5H307 X Hzo

Antifoam

"Defoaming agent

Magnesium sulphate heptahydrate

"Essential element

MgS04 x 7 H,0

Iron sulphate heptahydrate "Essential trace element FeSO4 x 7H,0
Manganese sulphate hydrate "Essential trace element MnSO4 x H,0
Zinc sulphate hydrate "Essential trace element ZnS0O4 x H,0
Copper sulphate pentahydrate "Essential trace element CuSO4 x 5H,0
Nickel sulphate hexahydrate "Essential trace element NiSO4x 6H,0
Sodium molybdate dihydrate "Essential trace element Na;MoO4x 2H20
Sodium selenite "Essential trace element Na,SeO3
Thiamin HCI (Vitamin B;) "Essential micronutrient (co-factor) C12H17N40S

The following processing aids of non food-grade are used:

e Ammonia (gas)

e Trace metals: Nickel sulphate and sodium molybdate

Ammonia gas (NHs) is used in the fermentation process as an acidity regulator and nitrogen source. Ammonia
is a technical grade material and is supplied as a liquid (compressed gas). The relevant impurities according to
the Joint FAO/WHO Expert Committee on Food Additives (JECFA) specification for 27 to 30% ammonium
solution are non-volatile residues and lead (Pb). From the supplier we are informed that the content of non-
volatile substances are below the limit set forward by JECFA. The limit of lead in the JECFA specification is 2
mg/kg for a 27 to 30% aqueous solution. The content of lead in the concentrated ammonia is typically less
than 0.5 ppm. Lead is actively removed in downstream ion exchange process and the parameter is included in




the finished product specifications and monitoring plan. The added quantity of ammonia is not significant and
from a worst-case point calculation the potential contamination from impurities stemming from ammonia,
even if nothing would be removed (which is clearly not the case), will not exceed the limit in the finished
product specification.

The transport of liquid ammonia is in dedicated tankers, so cross-contamination from transport vessels is not
an issue.

Based on the content of potential impurities and the purification steps in the manufacturing process, it is
evaluated that the use of technical grade ammonia is not of concern in the perspective of food safety and
human health.

The trace metals nickel sulphate hexahydrate (NiSO4x 6H,0) and sodium molybdate dihydrate (Na;MoQ, x
2H,0) are added to the fermentation process and are processing aids serving the purpose to give the optimal
conditions for growth of the production microorganism. Since the production microorganism is removed, and
thus serves as a processing aid in the manufacture of the HMO product, the minerals could be considered to be
“processing aids of a processing aid”.

The trace metals are added in very small quantities (less than 10 ppm). Glycom wasn’t able to source the trace
metals as food grade, but they are of analytical grade and possess thus a very low content of impurities. The
trace metals are actively removed in the downstream processing ion exchange step. Since these trace metals
are not used as direct food additives and do not remain in the finished ingredient due to purification controls
used during processing, the sources are not required to be food-grade certified.

Molybdate and Nickel were analysed in the finished product and the content is found to be below the possible
detection limits.

It is evaluated that the addition of the trace metals, with the following downstream removal of metals in the
ion exchange process, does not pose a risk to food safety and human health.

In regard to the terminology “allergen-free (except for milk-derived allergens)” we confirm that lactose is the
only potential source of allergens due to possible presence of allergenic cow milk protein as trace impurities of
the lactose raw material. All other raw materials and processing aids are sourced from the suppliers including
major allergen declarations in accordance with the Food Allergen Labeling and Consumer Protection Act of
2004.

FDA.7. On page 11 of the notice, there is a statement that “All additives, processing-aids, and food contact
articles used during manufacturing are permitted by federal regulation, have been previously determined to
be GRAS for their respective uses, or have been the subject of an effective food contact notification.” A
summary table is provided indicating the processing steps, but removal of impurities is not detailed. If the
details of the manufacturing process are the same or similar to those in GRN 000659 (LNnT), please state
that. If the data and information from GRN 000659 is being incorporated into the notice, please provide a
statement saying so. Otherwise, please provide details on the removal of impurities.

Principally, the down-stream processing (DSP) operations of the LNT manufacturing process are largely similar
to the ones described in GRN 000659 (LNnT), with one major difference, that the LNT ingredient is not
subjected to a crystallization step at the end of the DSP purification procedure. Consequently, the remaining
purification steps of the LNT DSP have been individually optimized to reduce the number and amount of



impurities and product-related carbohydrates and to provide a high-purity material (without the need for a
crystallization step). The production changes also eliminate the use of organic solvents in the production of LNT
(when compared to LNnT) since the organic solvents were exclusively required for the crystallization step. The
schematic overview of the manufacturing process for LNT with a more detailed description on the removal of
impurities is presented in Table 1 below.

Table 1 Overview of the Manufacturing Process for the LNT Product
STAGE 1 Upstream Processing (USP) Description
STEPS Media Preparation

1

2 Propagation - Working cell bank (WCB)
3 Seed Fermentation
4

Fermentation Phases: Production of LNT
4A Growth (Batch) Phase
4B Feeding (Fed-Batch) Phase
5 Removal of Microorganism* - Removal of cells and large biomolecules (e.g., protein, nucleic
Ultrafiltration/diafiltration (UF/DF) acids and lipopolysaccharides)
STAGE 2 Downstream Processing (DSP)
STEPS 6 Purification/Concentration 1* - Nanofiltration or Reduction water, minerals and very small biomolecules
nanofiltration/diafiltration (NF1/DF) membranes
lon Removal - lon exchange resin (IEX) Removal of charged molecules and salts (e.g., trace metals)
Decolorization* - Active charcoal (AC) Removal of colored and predominantly lipophilic impurities

by active charcoal adsorbent

9 Purification/Concentration 2* - Nanofiltration or Reduction water, minerals and very small biomolecules
nanofiltration/diafiltration (NF2/DF) membranes

10  Drying - Spray/freeze drying Removal of water

11 Sampling and Packaging

12 | Quality Control and Batch Release Specifications are tested, and CoA issued
LNT = lacto-N-tetraose.

* Removal of potential microbiological contamination. After the marked steps additional sterile filtration (microfiltration) is performed to
maintain low microbial load during all times of downstream processing and to ensure high microbial quality of the final ingredient. These
steps are further reassurance of absence of the production microorganism in final ingredient.

FDA.8. Please describe how any microbial endotoxins are efficiently removed by the production process.

Gram-negative bacterial endotoxins (also called pyrogens or lipopolysaccharides) are amphiphilic, structurally
complex, high molecular weight glycolipid macromolecules, which consist of a hydrophobic lipid core-structure
(lipid A) and a hydrophilic, charged and complex oligo- to polysaccharide structure component. The structure of
lipid A contains a number of fatty acid esters, rendering it lipophilic, but is typically also phosphorylated adding
further charges to the complex molecule. An illustrative example of a schematic overview on the complex
chemical structure of E. coli endotoxin has been reproduced from Magalh3es et al. (2007)? in Figure 1 below
(Magalh3es et al., 2007).

The fundamentally different physico-chemical properties of endotoxins — as compared to hydrophilic, small
molecular weight human-identical milk oligosaccharides like LNT — make purification and removal of

2 Magalhaes, P. O., Lopes, A. M., Mazzola, P. G., Rangel-Yagui, C., Penna, T. C. & Pessoa, A., Jr. 2007. Methods of endotoxin removal
from biological preparations: a review. J. Pharm. Pharm. Sci., 10, 388-404.



endotoxins comparatively straightforward. Endotoxins are effectively reduced during the ultrafiltration step
(due to their large molecular weight), the cation and anion removal steps (due to their electric charges) and the
active charcoal processing step (due to their lipophilic structure components).

To ensure the efficient removal of endotoxins Glycom has introduced a specification for endotoxin at
10 Endotoxin Unit per gram for all of its human-identical milk oligosaccharides. The risk assessment of these
specified maximum levels has been previously discussed as response to FDA questions on GRN 000650.

Figure 1. Chemical structure of endotoxin from E. coli 0111:B4 according to Ohno and Morrison (1989)3.

(Hep) L-glycerol-D-manno-heptose; (Gal) galactose; (Glc) glucose; (KDO) 2-keto-3-deoxyoctonic acid; (NGa) N-acetyl-galactosamine;
(NGc) N-acetyl-glucosamine.

3 Ohno, N. & Morrison, D. C. 1989. Lipopolysaccharide interaction with lysozyme. Binding of lipopolysaccharide to lysozyme and
inhibition of lysozyme enzymatic activity. J. Biol. Chem., 264, 4434-41.



FDA.9. Please provide a specification limiting lead and three non-consecutive batch analyses to show LNT
can be manufactured to meet that specification.

Glycom has included a specification for lead of 0.1 mg/kg as monitored by the internationally recognized
methods EN 13805:2002 and EPA-6020A:2007. Table 2.3.1-1 of the GRAS Notice has been revised with the
lead specification. Glycom notes that the GRAS Notice already included batch data for lead (see

Table 2.3.3.4-1). Areplacement page (page 14) has been provided.

We also noticed another error in the specification table 2.3.1-1, which referred to an analytical method by the
wrong name: method HPLC-703-7C7-006 should read HPAEC-HMO-006. This error occurred in the lines of Assay
(water free) HiMS, D-lactose, lacto-N-triose I, para-LNH2 and sum of other carbohydrates. These errors have
been corrected in replacement pages 13 and 14. We apologize for the error.

FDA.10. Please list the “other carbohydrates” limited to NMT 5.0% by specification.

The “other carbohydrates” are comprised of lactulose, lactitol, glucose, galactose, fructose, ribose, the reduced
form of LNT (“Gal-GIcNAc-Gal-Sorbitol”), isomaltose, lacto-N-triose |l fructose isomer (“GIcNAc-Gal-fructose”),
GIcNAC-LNT and 3-Gal-LNT. The main contribution derives from the reduced carbohydrates (lactitol and
reduced form of LNT) and isomaltose.

FDA.11. Please comment on the ingredient that was used in the 5-year stability study on page 20 of the
notice. It does not meet the assay (water free) HiMS minimum of 90%. Does this reflect a change in the
processing method?

Upon investigating the request, we noticed two errors in Tables 2.4.1.1-1 (real-time stability data), A (batch
CPN4215 00115) and B (batch CPN4215 1000516 FD):

(1) the data presented as real-time stability data has mistakenly been exchanged with the data from
the accelerated stability studies. This has been a copy-paste error for which we apologize. The real-
time stability data did not include the time points at 1 and 2 months.

(2) a miscalculation of the parameter “Assay (water free) HiMS”, which erroneously did not correct for
the water content. To calculate this parameter in its “water free” form, it is required to add the
sum of human-identical milk saccharides (i.e. LNT, lactose and lacto-N-triose Il) and to correct the
assay value then for the water content. The correction for water was accidentally forgotten. As
comment we want to add that assay values are not corrected for the water content, unless
explicitly noted.

The first error was corrected by providing now replacement pages (20 and 21) that contain the correct data for
the real-time stability studies. The second error was also corrected in the updated tables of the replacement
pages.

The same miscalculation of the “Assay (water free) HiIMS” parameter also occurred in Tables 2.4.1.2-1 A and B,
and is now corrected by providing two additional corrected replacement pages (22 and 23).



Since filing of the notice further time-points of the real-time stability studies have become available which we
added in Tables 1 A and B below.

Table 1 Results of the 5-Year Real-Time Stability Study on LNT product (25°C, 60 % Relative Humidity, RH)
for 2 representative batches A) No CPN4215 00115

A) Manufacturing Batch Number CPN4215 00115

Sample Time (Months)

Parameter
0 3 6 9 12 18 24 36
Physical Properties
Color White White White White Ivory white ~ White Ivory Ivory
white white
Non- Agglutin Agglutin Agglutin Slightly s“ghtIY Agglutin Agglutin
. . agglutina
Appearance agglutinate  ated ated ated agglutinate ted ated ated
d powder powder powder powder d powder powder powder powder
Purity
Water content [%] 13.6 11.9 12.2 12.4 12.5 15.6 13.0 14.0
Assay — LNT [%] 78.3 79.8 79.6 77.9 77.3 78.2 76.3 78.8
Lactose [%] 1.74 1.89 1.86 191 1.94 1.26 1.2 1.9
Lactulose [%] n.r. <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Lacto-N-triose Il [%] 4.0 4.33 4.11 4.68 4.79 3.25 34 3.9
Para-LNH2 [%] 0.68 0.66 0.67 0.65 0.66 0.78 0.8 0.8
LNT fructose isomer [%] 0.38 0.35 0.31 0.39 0.36 0.33 0.4 0.3
Assay (water free) HiMS [%] 97.3 97.6 97.5 96.4 96.0 97.9 93.0 98.4
Microbiological Quality
Aerobic mesophilic total plate Not Not Not Not Not
< < <
count [CFU/g] 10 tested tested tested 10 tested tested 10
Enterobacteriaceae Absent in Not Not Not Absent in Not Not Absent
10g tested tested tested 10g tested tested in10g
Salmonella's Absent in Not Not Not Absent in Not Not Absent
PP 25¢g tested tested tested 25g tested tested in25g
Cronobacter (Enterobacter) Absent in Not Not Not Absent in Not Not Absent
sakazakii 10g tested tested tested 10g tested tested in1l0g
Listeria monocvtogenes Absent in Not Not Not Absent in Not Not Absent
ytog 25¢g tested tested tested 25g tested tested in25g
. Not Not Not Not Not
Bacillus cereus [CFU/g] <10 tested tested tested <10 tested tested <10
Not Not Not Not Not
Yeasts [CFU/g] <10 tested tested tested <10 tested tested <10
Not Not Not Not Not
Moulds [CFU/g] <10 tested tested tested <10 tested tested <10

CFU = Colony Forming Unit, LNT = Lacto-N-tetraose, para-LNH2 = para-Lacto-N-hexaose-2, HiMS = Human-identical Milk Saccharides =
Sum of LNT, lactose and lacto-N-triose Il, n.r. = not reported, n.a. = not available.



B) Manufacturing Batch Number CPN4215 1000516 FD
Sample Time (Months)

Parameter
0 3 6 9 12 18 24

Physical Properties
Color White n.a. n.a. n.a. White White Not tested
Appearance ;ic:]\f/der n.a. n.a. n.a. S§€:z:ated :g;\llgrire\:;i::s Not tested
Purity
Water content [%] 2.4 2.2 1.8 2.2 2.3 3.0 Not tested
Assay - LNT [%] 74.9 76.3 76.9 73.4 75.6 75.0 Not tested
Lactose [%] 8.7 8.9 9.30 8.8 8.6 9.3 Not tested
Lactulose [%] 0.2 0.2 0.2 0.20 0.2 0.2 Not tested
Lacto-N-triose Il [%] 5.7 5.5 5.6 5.6 5.6 6.0 Not tested
Para-LNH2 [%] 2.1 2.0 2.3 2.2 2.0 21 Not tested
LNT fructose isomer [%] 1.0 0.9 0.9 1.0 0.9 1.0 Not tested
ﬁ;jay (water free) HIMS g, 92.7 93.5 89.7 91.9 93.1 NA
Microbiological Quality
':E;Zb!glﬁis[%ini}:]wtal <10 Not tested Not tested Not tested <10 Not tested Not tested
Enterobacteriaceae 'Il-\gsgent in Not tested Not tested Not tested ,g'-\bsent in 10 Not tested Not tested
Salmonella spp. ;\:sgent in Not tested Not tested Not tested ;—\bsent in 25 Not tested Not tested
fgs:e(:‘izztcirer ) sakazakii ?8 sgent in Not tested Not tested Not tested :bsent in 10 Not tested Not tested
Listeria monocytogenes /2'\: sgent in Not tested Not tested Not tested ,;\bsent in 25 Not tested Not tested
Bacillus cereus [CFU/g] <10 Not tested Not tested Not tested <10 Not tested Not tested
Yeasts [CFU/g] <10 Not tested Not tested Not tested <10 Not tested Not tested
Moulds [CFU/g] <10 Not tested Not tested Not tested <10 Not tested Not tested

CFU = Colony Forming Unit, LNT = Lacto-N-tetraose, para-LNH2 = para-Lacto-N-hexaose-2, HiMS = Human-identical Milk Saccharides
=Sum of LNT, lactose and lacto-N-triose Il, n.r. = not reported, n.a. = not available.

Furthermore, additional data has become available for the accelerated stability trial of batch CPN4215 1000516
FD which we have added to Table 2 B below.

Since these additional data points were not available at the time of the initial filing of the notice, we have not
included these data in the replacement pages that we provided for the other errors identified by FDA and us.
However, if FDA prefers we are happy to provide an updated GRAS notice incorporating all of the corrections
and these updates upon request.



Table 2 Representative Interim Results of the 2-Year Accelerated Stability Study on LNT
product (40°C, 75% Relative Humidity, RH) for representative batch B) CPN4215
1000516 FD.

B) Manufacturing Batch Number CPN4215 1000516 FD

Sample Time (Months)

Parameter
0 1 2 3 6 9 12 18
Physical Properties
Color White White White White White White White White
Agglutinat Powder
Fine Fine Fine Fine Fine Fine egluting with
Appearance ed
powder powder powder powder powder powder agglome
powder
rates
Purity
Water content [%] 2.4 2.3 2.3 2.2 1.8 2.0 2.3 3.0
Assay - LNT [%] 74.9 75.0 75.7 77.7 76.9 74.4 75.9 74.9
Lactose [%] 8.7 8.6 9.1 9.2 9.0 8.2 8.8 9.2
Lactulose [%] 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Lacto-N-triose Il [%] 5.7 5.9 5.8 5.6 5.6 5.6 5.7 5.9
Para-LNH2 [%] n.a. 2.0 2.0 2.0 2.2 2.0 2.1 2.1
LNT fructose isomer [%] 1.0 1.0 0.8 1.0 0.9 1.0 0.9 1.1
Assay (water free) HIMS [%] 91.5 91.6 92.8 94.6 93.2 90.0 92.6 92.7
Microbiological Quality
Aerobic mesophilic total Not Not Not Not Not
plate count [CFU/g] <10 tested tested tested <10 tested <10 tested
Enterobacteriaceae Absent Not Not Not Absent Not Absent in Not
inl0g tested tested tested inl0g tested 10g tested
Salmonella s Absent Not Not Not Absent Not Absent in Not
pp- inl0g tested tested tested inl0g tested 10g tested
Cronobacter (Enterobacter) Absent Not Not Not Absent Not Absent in Not
sakazakii in10g tested tested tested in10g tested 10g tested
Listeria monocvtogenes Absent Not Not Not Absent Not Absent in Not
ytog inl0g tested tested tested inl0g tested 10g tested
. Not Not Not Not Not
Bacillus cereus [CFU/g] <10 tested tested tested <10 tested <10 tested
Not Not Not Not Not
Yeasts [CFU/g] <10 tested tested tested <10 tested <10 tested
Not Not Not Not Not
Moulds [CFU/g] <10 tested tested tested <10 tested <10 tested

CFU = Colony Forming Unit, LNT = Lacto-N-tetraose, para-LNH2 = para-Lacto-N-hexaose-2, HiMS = Human-identical Milk
Saccharides = Sum of LNT, lactose and lacto-N-triose Il, n.r. = not reported, n.a. = not available.
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FDA.12. The exposure estimates provided in the notice do not include infants ages 0-12 months. Please
provide an estimate of intake for LNT and total added HMO:s for infants that consume infant formula only (up
to 4-6 months of age) and older infants (approximately 6-12 months of age) that consume both infant
formula and infant foods. If an estimate from a previous GRN is used, please incorporate this data and
information into the notice with a brief description and provide the appropriate page numbers where this
information is found in the prior notice.

The intake estimates for LNT among infants (aged 0 to 6 months and 7 to 12 months) are provided below in
Tables 2 and 3 on an absolute and body weight basis, respectively. As noted in response to question #2 above,
LNT and other HiMOs are added to infant formula to produce a formula that is compositionally representative
of human breast milk, taking into account the natural variation of HMOs.

On an absolute basis, the mean and 90" percentile consumer-only intakes of LNT among infants aged 0 to 6
months were determined to be 1.21 and 2.20 g/person/day, respectively (Table 2). Among infants aged 7 to
12 months, the mean and 90" percentile consumer-only intakes of LNT were determined to be 1.75 and

3.28 g/person/day, respectively. Glycom notes that these exposures fall within the upper range of expected

intakes of LNT from infant consumers of human milk where concentrations of up to 3.8 g/L have been reported
(see Section 3.1.3 of GRN 000833).

Table 2 Summary of the Estimated Daily Intake of LNT? from Proposed Food-Uses in the U.S. by
Infants (2013-2014 NHANES Data)
Population Group Age Group Per Capita Intake (g/day) Consumer-Only Intake (g/day)
(Months) Mean 90t Percentile % n Mean 90th Percentile
Young Infants Oto6 0.97 2.04 80.1 165 1.21 2.20
Older Infants 7to 12 1.75 3.28 99.9 127 1.75 3.28

LNT = lacto-N-tetraose; n = sample size; NHANES = National Health and Nutrition Examination Survey; U.S. = United States.
3 Intake data expressed as wet weight of ingredient under the proposed conditions of intended use.

On a body weight basis, the mean and 90" percentile consumer-only intakes of LNT among infants aged 0 to
6 months were determined to be 176 and 301 mg/kg body weight/day, respectively (Table 3). Among infants
aged 7 to 12 months, the mean and 90" percentile consumer-only intakes of LNT were determined to be 197
and 352 mg/kg body weight/day, respectively.

Table 3 Summary of the Estimated Daily Per Kilogram Body Weight Intake of LNT? from Proposed
Food-Uses in the U.S. by Infants (2013-2014 NHANES Data)
Population Group Age Group Per Capita Intake (mg/kg bw/day) Consumer-Only Intake (mg/kg bw/day)
(Months) Mean 90th Percentile % n Mean 90th Percentile
Young Infants Oto6 141 286 80.1 165 176 301
Older Infants 7to 12 197 352 99.9 127 197 352

bw = body weight; LNT = lacto-N-tetraose; n = sample size; NHANES = National Health and Nutrition Examination Survey; U.S. =
United States.

3 Intake data expressed as wet weight of ingredient under the proposed conditions of intended use.

These missing data has not been provided via replacement pages to the notice since page breaks would be
inserted changing the paging of the remaining notice. Glycom would be happy to provide an entire updated
notice upon request but noted that this was not wished for in the questions by FDA.
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FDA.13. Please clarify if the exposure estimate provided for toddlers 1-3 years of age includes consumption
of toddler formula.

Exposure estimates provided on both an absolute and body weight basis for toddlers aged 1 to 3 years of age
includes the consumption of toddler formula.

FDA.14. Levels of most constituents in human milk change during the lactation period. However, Glycom
proposes a single use level (0.8 g/L) in infant formula for ages 12 months and younger. Glycom states on
page 27 of the notice that the levels of LNT decline in samples obtained from lactation stages >2 months. In
Table 3.1.2.2-1, the average levels of LNT for Days 1-4, Days 5-14, Days 10-60, and >2 months are listed as
0.8, 0.9, 1.1, and 0.5 g/L, respectively. Thus, infants >2 months presumably would have a higher exposure to
LNT in infant formula containing 0.8g/L than infants who are naturally exposed to LNT through breastmilk.
Given the implicit intention of making infant formula more like human milk, please provide a rationale why
0.8g/L of LNT is appropriate for infants >2 months old.

Glycom is proposing a single maximum level of 0.8 g/L for the addition of LNT to infant formulas below

12 months of age to allow for larger flexibility for the manufacturers of infant nutrition. The basis of safety is
established by (1) an exposure estimate on kilogram body weight basis and by (2) the large reported ranges
that are known to occur in human breastmilk for human milk oligosaccharides in general and LNT in particular.
Published data beyond 2 months of lactation has been comparably scarce for LNT until recently but Coppa et
al. (1999) reported LNT to occur at concentrations around 1.3 g/L in secretor milk samples from day 90 of
lactation (Coppa et al., 1999%). Data published more recently — which was not yet included in Glycom’s GRAS
Notice for LNT — report LNT levels in Canadian human milk samples from 3-4 months of lactation between 0.94
and 1.32 g/L (Azad et al., 2018°) and in Malaysian human milk samples from 1 year of lactation at 1.16 g/L

(Ma et al. 2018°).

Glycom is aware of the obligation of infant nutrition manufacturers to notify innovative infant formula recipes
containing human-identical milk oligosaccharides - including LNT - with appropriate data before launching on
the U.S. marketplace and trust that any given addition level is supported specifically.

FDA.15. It is unclear in the notice whether LNT will be used in conjunction with other HMOs. If the intended
use involves co-addition of other HMO-like substances, please indicate how the total load of indigestible
oligosaccharides will be kept below levels of concern (i.e. causing adverse gastrointestinal effects).

Glycom is a manufacturer of infant formula ingredients, not a manufacturer of infant formula; therefore,
Glycom is not in a position to comment on the appropriateness of using LNT with other HMO-like substances.
Glycom notes that all infant formulas marketed in the U.S. must meet federal nutrient requirements and infant

4 Coppa, G. V., Pierani, P., Zampini, L., Carloni, I., Carlucci, A. & Gabrielli, 0. 1999. Oligosaccharides in human milk during different
phases of lactation. Acta Paediatr. Suppl., 88, 89-94.

> Azad, M. B., Robertson, B., Atakora, F., Becker, A. B., Subbarao, P., Moraes, T. J.,, Mandhane, P. J., Turvey, S. E., Lefebvre, D. L., Sears,
M. R. & Bode, L. 2018. Human Milk Oligosaccharide Concentrations Are Associated with Multiple Fixed and Modifiable
Maternal Characteristics, Environmental Factors, and Feeding Practices. J. Nutr., 148, 1733-1742.

6 Ma, L., Mclarrow, P., Jan Mohamed, H. J. B., Liu, X., Welman, A. & Fong, B. Y. 2018. Lactational changes in the human milk
oligosaccharide concentration in Chinese and Malaysian mothers' milk. Int. Dairy J., 87, 1-10.
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formula manufacturers must notify the FDA prior to marketing a new formula. Under Section 412(d)(1) of the
Federal Food, Drug, and Cosmetic Act (FFDCA), a manufacture of a new infant formula must notify the U.S. FDA
at least 90 days before marketing their infant formula, and this must include, among other things, a description
of any reformulation of the formula or change in processing of the infant formula. Accordingly, the
manufacturer will need to provide the Agency with information supporting that a particular oligosaccharide
Combination (e.g., use of LNT with an indigestible oligosaccharide such as GOS) would be well tolerated as part
of the Agency’s 90-day notification procedure. It is therefore Glycom’s view that existing regulations governing
the pre-market clearance requirements for infant formula in the U.S. are sufficient to ensure that a particular
combination of indigestible oligosaccharides that may be used in a new infant formula product are safe and
suitable for their intended use.

FDA.16. According to Sprenger et al. (2017), who examined if there is a dependence of certain HMOs on
FUT2 status (using 2'-FL as a marker), the levels of LNT and LNnT are correlated with 2'-FL levels negatively
and positively, respectively. If the intended use involves LNT in the presence of 2'-FL (as in LNnT uses), please
state if the levels of LNT will be adjusted. If not, please discuss why there is no safety concern.

It is correct that Sprenger et al. (2017)” - and also Azad et al. (2018)%, Kunz et al. (2017)°, McGuire et al.
(2017)%°, Hong et al. (2014), and Thurl et al. (2010)* - report higher LNT levels in the milk of non-secretor
mothers (who do not express 2’-FL into their milk) than in the milk of secretor mothers (whose milk contains
2’-FL). On average - on basis of these published data - the levels of LNT in non-secretor mothers was around
1.6 to 1.7 g/L, whereas around 1.0 g/L in the milk of secretor mothers. The proposed use levels at a maximum
of 0.8 g/L are thus already on the conservative end of the reported spectrum.

Glycom is not in the position at this stage to comment on the intended recipes of infant formula manufacturers
about relative concentrations of LNT and other human-identical milk oligosaccharides like 2’-FL.

Glycom is aware of the obligation of infant nutrition manufacturers to notify innovative infant formula recipes
containing human-identical milk oligosaccharides — including LNT — with appropriate data before launching on
the U.S. marketplace and trust that any given addition level is supported specifically.

7 Sprenger, N., Lee, L. Y., De Castro, C. A., Steenhout, P. & Thakkar, S. K. 2017. Longitudinal change of selected human milk
oligosaccharides and association to infants’ growth, an observatory, single center, longitudinal cohort study. Plos One, 12,
e0171814. DOI 10.1371/journal.pone.0171814.

8 Azad, M. B., Robertson, B., Atakora, F., Becker, A. B., Subbarao, P., Moraes, T. J.,, Mandhane, P. J., Turvey, S. E., Lefebvre, D. L., Sears,
M. R. & Bode, L. 2018. Human Milk Oligosaccharide Concentrations Are Associated with Multiple Fixed and Modifiable
Maternal Characteristics, Environmental Factors, and Feeding Practices. J. Nutr., 148, 1733-1742.

° 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. J.
Pediatr. Gastroenterol. Nutr., 64, 789-798.

10 McGuire, M. K., Meehan, C. L., McGuire, M. A., Williams, J. E., Foster, J., et al. 2017. What's normal? Oligosaccharide concentrations
and profiles in milk produced by healthy women vary geographically. Am. J. Clin. Nutr., 105, 1086-1100.

1n Hong, Q., Ruhaak, L. R., Totten, S. M., Smilowitz, J. T., German, J. B. & Lebrilla, C. B. 2014. Label-free absolute quantitation of
oligosaccharides using multiple reaction monitoring. Anal. Chem., 86, 2640-7.

12 Thurl, S., Munzert, M., Henker, J., Boehm, G., Mueller-Werner, B., Jelinek, J. & Stahl, B. 2010. Variation of human milk
oligosaccharides in relation to milk groups and lactational periods. Br. J. Nutr., 104, 1261-1271.
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FDA.17. On page 33 of the notice, Glycom states:
“As mentioned previously, LNnT is a chemically and structurally similar isomer

of LNT. Therefore, the toxicological data obtained for LNnT preparations are considered relevant in
supporting the safety of LNT.”

However, several publications not listed in Part 7 indicate that the two isomers may have different
bioactivities (Bohari et al., 2016; Ozcan and Sela, 2018). In fact, Ozcan and Sela conclude:

“... differential metabolism of milk glycans potentially drives the emergent physiology of host-microbial
interactions to impact infant health.”

While it is unlikely, given the structural similarities, that LNT and LNnT would have significantly different
toxicological profiles, the potentially differential effects on infants’ gut microbiota by LNT and LNnT may
impact tolerability. Please discuss any differences between LNT and LNnT and why these differences do not
impact safety.

Glycom acknowledges subtle differences in the biological function of LNnT and LNT, which are at least in part a
result of differentiated metabolism by human gut microbiota, predominantly commensals like bifidobacteria,
and in part related to different receptor recognition (either by receptors on human gut cells, symbiotic bacteria
or pathogens) of the different terminal linkage being either a 3(1-4) or B(1-3)-galactose bond, which results in a
different three-dimensional structural space of the two isomeric molecules. Indeed, the differentiated
metabolism via different specific enzymes has been elucidated and reported for a couple of bifidobacteria
species and strains (e.g., Kitaoka, 20123; Yoshida et al. 2012%*). However, both human milk oligosaccharides
have clearly been reported to be both bifidogenic, independent of the distinct utilization mechanism (e.g.,
Asakuma et al. 2011%5;).

The subtle structural differences could theoretically produce slightly different tolerability profiles when
considering the safety of ingesting supraphysiological levels of LNnT and LNT that are outside the ranges
reported for human milk. However, in Glycom’s opinion, the proposed use level of LNT is below any expected
tolerability limitation since it is clearly within the natural levels of LNT in human milk.

The statement made in the notice in respect to the relevance of the LNnT animal toxicology data for the safety
of LNT does not pertain to tolerability effects, but clearly to toxicological safety. The toxicological safety of
HiMO preparations are hardly a matter of the identity of the products, which are indeed structure-identical to
their corresponding counterparts in breastmilk, and are thus inherently safe under the condition that natural
exposure levels are not exceeded. Rather, it is the potential impurity profile caused by the nature of the
manufacturing process that is investigated by overdosing in animal toxicology studies. In that sense, Glycom
believes that the toxicology data on LNnT is indeed of relevance for the safety profile of LNT as well, since both
manufacturing processes are largely similar.

13 Kitaoka, M. 2012. Bifidobacterial Enzymes Involved in the Metabolism of Human Milk Oligosaccharides. Adv. Nutr., 3, 422S-429S.

14 Yoshida, E., Sakurama, H., Kiyohara, M., Nakajima, M., Kitaoka, M., Ashida, H., Hirose, J., Katayama, T., Yamamoto, K. & Kumagai, H.
2012. Bifidobacterium longum subsp. infantis uses two different B-galactosidases for selectively degrading type-1 and type-2
human milk oligosaccharides. Glycobiology, 22, 361-368.

15 Asakuma, S., Hatakeyama, E., Urashima, T., Yoshida, E., Katayama, T., Yamamoto, K., Kumagai, H., Ashida, H., Hirose, J. & Kitaoka, M.

2011. Physiology of the consumption of human milk oligosaccharides by infant-gut associated bifidobacteria. J. Biol. Chem.,
286, 34583-34592.
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beverages targeted towards the general U.S. population (up to 1.0 g/L or 10 g/kg), and foods for special
dietary use (e.g., meal replacement bars) at levels up to 2.0 g/L or 20 g/kg. The maximum use-levels are
proposed on the basis of providing similar levels of LNT on a body weight basis as those consumed by
breast-fed infants (see Section 3.1.3).

Table 1.3-1 Summary of the Individual Proposed Food Uses and Use-Levels for LNT in the U.S.

Food Category Proposed Food Use RACC? Proposed Proposed
(g or mL) Maximum Maximum
Use-Level Use-Level
(8/RACC) (s/kg or g/L)
Beverages and Meal Replacement Drinks, for Weight Reductionb 240 mL 0.48 2.0
Beverage Bases Sports and Isotonic Drinks, Energy Drinks, Soft Drinks, 360 mL 0.36 10
Enhanced or Fortified Waters, Fruit-based Ades ’
Infant and Toddler ~ Term Infant Formulas 100 mLe 0.08 0.8
Foods Toddler Formulas 100 mLe 0.06 0.6
Other Baby Foods for Infants and Young Children 7t0170g 0.04 to 0.85 5.0
Other Drinks for Young Children 120 mL 0.07 0.6
Grain Products and  Meal Replacement Bars, for Weight Reduction 40¢g 0.8 20
Pastas Cereal and Granola Bars 40g 0.4 10
Milk, Whole and Unflavored Pasteurized and Sterilized milk* 240 mL 0.24 1.0
Skim .
Milk Products Buttermilk* 240 mL 0.24 1.0
Flavored Milk 240 mL 0.24 1.0
Milk-Based Meal Replacement Beverages, for Weight 240 mL 0.48 20
Reductionb '
Yogurt* 170 g 1.7 10

LNT = Lacto-N-tetraose; CFR = Code of Federal Regulations; RACC = Reference Amounts Customarily Consumed; U.S. = United
States.

aRACC based on values established in 21 CFR §101.12 (U.S. FDA, 2018aa). When a range of values is reported for a proposed
food-use, particular foods within that food-use may differ with respect to their RACC.

b Includes ready-to-drink and powder forms.

¢RACC not available, 100 mL employed as an approximation.

* LNT is intended for use in unstandardized products and not in foods where standards of identity exist and do not permit its
addition.

1.4 Basis for GRAS

Pursuant to 21 CFR § 170.30 (a)(b) of the Code of Federal Regulations (CFR) (U.S. FDA, 2018b), Glycom has
concluded that the intended uses of LNT as described herein are GRAS on the basis of scientific procedures.

1.5 Availability of Information

The data and information that serve as the basis for this GRAS Notification will be sent to the U.S. FDA upon
request, or will be available for review and copying at reasonable times at the offices of:

Glycom A/S
Kogle Allé 4
2970 Hgrsholm
Denmark
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Table 2.3.1-1 Specifications for LNT

Para-LNH2

LNT fructose isomer

Sum of other carbohydrates

pH (20°C, 5% solution)

Water

Ash, sulphated

Residual protein by Bradford assay

Lead

Microbiological Parameters®
Aerobic mesophilic total plate count
Enterobacteriaceae

Salmonella spp.

Cronobacter (Enterobacter)
sakazakii

Listeria monocytogenes
Bacillus cereus

Yeasts

Moulds

Residual endotoxins

Not more than 3.5 w/w %

Not more than 1.0 w/w %
Not more than 5.0 w/w %
40t06.0

Not more than 6.0 w/w %
Not more than 0.5 w/w %
Not more than 0.01 w/w %

Not more than 0.1 mg/kg

Not more than 500 CFU/g

Absentin10g
Absentin25g

Absentin10g

Absentin25g

Not more than 50 CFU/g
Not more than 10 CFU/g
Not more than 10 CFU/g
Not more than 10 EU/mg

2.8
0.7

13

4.4

1.9

0.10
<0.0017

<0.1

<10

Complies

Complies
Complies

Complies
<10
<10
<10
0.02

I+

I+

I+

I+

I+

I+

0.3
0.1

0.1

0.2
0.5

0.03

0.02

Glycom method HPAEC-HMO-006
Glycom method HPLC-703-7C7-001

Glycom method HPLC-703-7C7-001
and HPAEC-HMO-006

Ph. Eur. 9.2 2.2.3 (07/2016:20203)
Glycom method KF-001

Ph. Eur. 9.2 2.4.14 (04/2010:20414)
Glycom method UV-001

EN 13805:2002 and EPA-6020A:2007

ISO 4833-1:2014

ISO 21528-1:2004, 1SO 21528-2:2004
ISO 6579:2006

ISO-TS 22964:2006

ISO 11290-1:1996/A1:2005
ISO 7932:2005
ISO 7954:1999
ISO 7954:1999
Ph. Eur. 2.6.14

AVE = average; CFU = colony-forming units; EU = endotoxin units; Ph. Eur. = European Pharmacopoeia; HiMS = Human-identical milk
saccharides (LNT + lactose + lacto-N-triose Il); HPAEC = high-performance anion exchange chromatography; IC = ion chromatography; ISO
= International Organization for Standardization; KF: Karl-Fischer; MPN = most probable number; RT= retention time.

aHiMS = Sum of LNT + Lactose + Lacto-N-triose Il.
bThe following microbial specifications represent alternative minimum limits that can be applied to LNT that is added to infant
formula and toddler nutrition products during the wet-mix stage of the formula manufacturing process: Aerobic mesophilic total
plate count (<1000 CFU/g), Enterobacteriaceae (<10 CFU/g), Salmonella spp. (Absent in 25 g), Yeast (100 CFU/), Molds (100
CFU/g). These specifications are also applicable to uses in conventional food products used by the general population (i.e., non-

infant formula products).

2.3.2  Product Analyses

2.3.2.1 Main products and Other Carbohydrates

LNT manufactured by Glycom can be described as white to off-white amorphous powder or agglomerate.
Amorphous powders do not possess defined melting points. LNT is readily soluble in aqueous solutions
(max. 400 mg/mL, 25°C), with poor solubility in any organic solvents. The summary of batch results
corresponding to selected physicochemical properties of LNT is presented in Table 2.3.2.1-1.

Table 2.3.2.1-1 Batch Results for Selected Physicochemical Properties of LNT Product

Parameters Manufacturing Batch Numbers:
CPN4215 CPN4215 CPN4215 CPN4215
1000216 FD 1000316 FD 1000416 FD 1000516 FD
Appearance Powder or agglomerates
Colour White to off white
pH (20°C, 5% solution) 4.6 4.0 4.3 45

Glycom A/S
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CPN4215 AVE * SD
1000616 FD
4.4 4.4 + 0.2



2.4.1 Bulk Stability

2.4.1.1 Real-Time Stability

The bulk stability of the LNT produced from fermentation, as described herein, was investigated under real-
time conditions [25°C, 60% relative humidity (RH)] and accelerated conditions (40°C, 75% RH). A real-time
5-year stability study and a 2-year accelerated stability study are currently ongoing on representative
batches of LNT. The chemical, physical, microbiological, and sensory testing was performed in an ongoing 5-
year storage study (25°C, 60% RH) on 2 representative batches (No. CPN4215 00115 and CPN4215 1000516
FD), with interim results available up to 24 and 9 months, respectively, at the time of filing (see Table
2.4.1.1-1). The results further confirm that the ingredient is stable when stored at ambient room

temperature for at least 24 months.

Table 2.4.1.1-1 Results of the 5-Year Real-Time Stability Study on LNT Product (25°C, 60% Relative
Humidity, RH) for 2 Representative Batches: A) Batch No. CPN4215 00115, and B) Batch
No. CPN4215 1000516 FD

A) Manufacturing Batch Number CPN4215 00115

Sample Time (Months)

Parameter
0 3 6 9 12 18 24
Physical Properties
Color White White White White Ivory white ~ White Ivory white
Non- . . . Slightly Slightly .
Appearance agglutinate A(g)i::z:ated A(g)i::z:ated A(g)i::tenrwated agglutinate agglutinate A(g)i::telpated
d powder P P P d powder d powder P
Purity
Water content [%] 13.6 11.9 12.2 12.4 12.5 15.6 13.0
Assay — LNT [%] 78.3 79.8 79.6 77.9 77.3 78.2 76.3
Lactose [%] 1.74 1.89 1.86 191 1.94 1.26 1.2
Lactulose [%] n.r. <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Lacto-N-triose Il [%] 4.0 4.33 411 4.68 4.79 3.25 3.4
Para-LNH2 [%] 0.68 0.66 0.67 0.65 0.66 0.78 0.8
LNT fructose isomer [%] 0.38 0.35 0.31 0.39 0.36 0.33 0.4
?;?ay (water free) HIMS o 5 97.6 97.5 96.4 96.0 97.9 93.0
0
Microbiological Quality
Aerobic mesophilic total
<10 Not tested Not tested Not tested <10 Not tested  Not tested
plate count [CFU/g]
Enterobacteriaceae ﬁgsgent n Not tested Not tested Not tested ﬁgsgent n Not tested  Not tested
Salmonella spp. ,;Esgent n Not tested Not tested Not tested gssgent n Not tested  Not tested
Cronobacter " Absent in Not tested Not tested Not tested Absent in Not tested  Not tested
(Enterobacter) sakazakii 10g 10g
L Absent in Absent in
Listeria monocytogenes 258 Not tested Not tested Not tested 25¢g Not tested  Not tested
Bacillus cereus [CFU/g] <10 Not tested Not tested Not tested <10 Not tested  Not tested
Yeasts [CFU/g] <10 Not tested Not tested Not tested <10 Not tested  Not tested
Moulds [CFU/g] <10 Not tested Not tested Not tested <10 Not tested  Not tested
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B) Manufacturing Batch Number CPN4215 1000516 FD

Sample Time (Months)

Parameter
0 3 6 9 12 18 24
Physical Properties
Color White n.a. n.a. n.a. Not tested Not tested Not tested
Appearance Fine n.a. n.a. n.a. Not tested Not tested Not tested
powder
Purity
Water content [%] 2.4 2.2 1.8 2.2 Not tested Not tested Not tested
Assay — LNT [%] 74.9 76.3 76.9 73.4 Not tested Not tested Not tested
Lactose [%] 8.7 8.9 9.30 8.8 Not tested Not tested Not tested
Lactulose [%] 0.2 0.2 0.2 0.2 Not tested Not tested Not tested
Lacto-N-triose Il [%] 5.7 5.5 5.6 5.6 Not tested Not tested Not tested
Para-LNH2 [%] 2.1 2.0 2.3 2.2 Not tested Not tested Not tested
LNT fructose isomer [%] 1.0 0.9 0.9 1.0 Not tested Not tested Not tested
A fi HiM
[;iay (water free) HIMS 5, ¢ 92.7 93.5 89.7 NA NA NA
(+]
Microbiological Quality
Aerobic mesophilic total
<10 Not tested Not tested Not tested Not tested Not tested Not tested
plate count [CFU/g]
. Absent
Enterobacteriaceae in10 g Not tested Not tested Not tested Not tested Not tested Not tested
Absent
Salmonella spp. in 25 g Not tested  Not tested Not tested Not tested Not tested Not tested
Al
Cronobacter " . bsent Not tested Not tested Not tested Not tested Not tested Not tested
(Enterobacter) sakazakii in10g
L Absent
Listeria monocytogenes in ;:ng Not tested Not tested Not tested Not tested Not tested Not tested
Bacillus cereus [CFU/g] <10 Not tested  Not tested Not tested Not tested Not tested Not tested
Yeasts [CFU/g] <10 Not tested Not tested Not tested Not tested Not tested Not tested
Moulds [CFU/g] <10 Not tested Not tested Not tested Not tested Not tested Not tested

CFU = colony-forming units, LNT = lacto-N-tetraose, HiMS = human-identical milk saccharides = sum of LNT, lactose and lacto-N-
triose Il; NA = not applicable; n.a. = not available; n.r. = not reported; para-LNH2 = para-lacto-N-hexaose-2.

2.4.1.2 Accelerated Stability

The bulk stability of spray dried, amorphous LNT products was investigated, under accelerated conditions
(40°C, 75% RH) for a period of 2 years. The results for 2 representative batches No CPN4215 00115 and No
CPN4215 1000516 FD are presented in Table 2.4.1.2-1 below. The results of these studies indicate that
there are no changes in organoleptic properties of LNT, no appreciable degradation of LNT, no changes in
impurity profile, and no alterations in the microbiological quality of the ingredient following storage for up
to 2 years under defined, accelerated storage conditions. LNT was analysed by HPLC and water content was
analysed by Karl Fischer titration at each time point.

Two independent lots of LNT were demonstrated to be stable throughout the 24- and 9-month storage
periods respectively (for Batch Nos. CPN4215 1000516 FD and CPN4215 1000516 FD, respectively) with no
measurable loss of LNT, other carbohydrates or change in impurities content. As with the real-time stability
testing, no appreciable changes, degradation of the ingredient, or alterations in impurity profiles were
reported. Based on the results of the accelerated stability study and using the Arrhenius equation (Peleg et
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al., 2012), the stability of the ingredient was calculated to be at least 5 years when protected from light and
stored at room temperature and ambient humidity.

Table 2.4.1.2-1 Representative Interim Results of the 2-Year Accelerated Stability Study on LNT Product

A) Manufacturing Batch Number CPN4215 00115

Parameter

Physical Properties
Colour

Appearance

Purity

Water content [%]
Assay — LNT [%]
Lactose [%]
Lactulose [%]
Lacto-N-triose Il [%]
Para-LNH2 [%]

LNT fructose isomer
(%]

Assay (water free)
HiMS [%]

Sample Time (Months)

0

White

Not
agglutinated
powder

13.6
78.3
1.74
n.r.

4.00
0.68

0.38

97.3

Microbiological Quality

Aerobic mesophilic
total plate count
[CFU/g]

Enterobacteriaceae
Salmonella spp.

Cronobacter
(Enterobacter)
sakazakii

Listeria
monocytogenes

Bacillus cereus
[CFU/g]
Yeasts [CFU/g]

Moulds [CFU/g]
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<10

Absent in
10g

Absent in
25¢g

Absent in
10g

Absent in
25¢g

<10

<10

<10

1

White

Slightly
agglutinated
powder

11.7
77.0
1.89
<0.1
4.52
0.72

0.39

94.5

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

White

Slightly
agglutinated
powder

12.7
77.5
1.83
<0.1
4.42
0.61

0.36

95.4

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

White

Agglutinated
powder

11.8
78.0
1.96
<0.1
4.46
0.68

0.37

95.8

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

White

Agglutinated
powder

13.1
78.0
1.90
<0.1
4.13
0.65

0.34

96.7

<10

Absent in
10g

Absent in
25g

Absent in
10g

Absent in
25g

<10

<10

<10

White

Agglutinated
powder

13.0
78.6
1.94
0.10
4.58
0.65

0.37

97.9

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

12

Ivory white

Slightly
agglutinated
powder

13.5
78.3
2.07
<0.1
4.82
0.67

0.44

98.5

<10

Absent in
10g

Absent in
25¢g

Absent in
10g

Absent in
25¢g

<10

<10

<10

18

Ivory white

Slightly
agglutinated
powder

11.4
77.7
1.88
<0.1
3.91
0.73

0.38

94.2

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested

(40°C, 75% Relative Humidity, RH) for 2 Representative Batches: A) Batch No. CPN4215
00115, and B) Batch No. CPN4215 1000516 FD

24

Ivory white

Agglutinated
powder

13.4
76.3
1.90
<0.1
3.50
0.70

0.40

94.3

<10

Absent in
10g

Absent in
25¢g

Absent in
10g

Absent in
25g
<10

<10

<10

22



B) Manufacturing Batch Number CPN4215 1000516 FD

Parameter Sample Time (Months)
0 1 2
Physical Properties
Colour White White White
Appearance Fine Fine Fine
powder powder powder
Purity
Water content [%] 2.4 2.3 2.3
Assay - LNT [%] 74.9 75.0 75.7
Lactose [%] 8.7 8.6 9.1
Lactulose [%] 0.2 0.2 0.2
Lacto-N-triose Il [%] 5.7 5.9 5.8
Para-LNH2 [%] n.a. 2.0 2.0
LNT fructose isomer [%] 1.0 1.0 0.8
Assay (water free) HIMS [%] 91.5 91.6 92.8
Microbiological Quality
Aerobic mesophilic total <10 Not tested Not tested
plate count [CFU/g]
Enterobacteriaceae Absentin  Not tested Not tested
10g
Salmonella spp. Absentin  Not tested Not tested
10g
Cronobacter (Enterobacter)  Absentin  Nottested Not tested
sakazakii 10g
Listeria monocytogenes Absentin  Not tested Not tested
10g
Bacillus cereus [CFU/g) <10 Not tested Not tested
Yeasts [CFU/g] <10 Not tested Not tested
Moulds [CFU/g] <10 Not tested Not tested

White

Fine
powder

2.2
77.7
9.2
0.2
5.6
2.0
1.0
94.6

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested
Not tested
Not tested

White

Fine
powder

1.8
76.9
2.0
0.2
5.6
2.2
0.9
93.2

<10

Absent in
10g

Absent in
10g

Absent in
10g

Absent in
10g

<10
<10
<10

White

Fine
powder

2.0
74.4
8.2
0.2
5.6
2.0
1.0
90.0

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested
Not tested
Not tested

12

Not tested
Not tested

Not tested
Not tested
Not tested
Not tested
Not tested
Not tested
Not tested
NA

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested
Not tested
Not tested

18

Not tested
Not tested

Not tested
Not tested
Not tested
Not tested
Not tested
Not tested
Not tested
NA

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested
Not tested
Not tested

24

Not tested
Not tested

Not tested
Not tested
Not tested
Not tested
Not tested
Not tested
Not tested
NA

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested
Not tested
Not tested

CFU = colony-forming units, LNT = lacto-N-tetraose, HiMS = human-identical milk saccharides = sum of LNT, lactose and lacto-N-

triose Il; NA = not applicable; n.a. = not available; n.r. = not reported; para-LNH2 = para-lacto-N-hexaose-2.

2.4.1.3 Stress/Forced Stability

The stress and forced stability studies described herein, were performed according to the International
Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human
Use (ICH) Guidelines (Stability Testing of New Drug Substances and Products) and aimed to identify the likely
degradation products under harsh, stress conditions.

Forced stability tests of the bulk LNT product in aqueous solutions were performed at 60 and 80°C for 8 and
4 weeks of storage, respectively, using dissolved:

e Amorphous LNT powder at slightly acidic pH (4.5)
e Crystalline LNT powder at neutral pH (6.3) as reference
e Amorphous LNT powder at neutral pH (6.8)

The results of this study showed the presence of 2 potential pH-dependent chemical degradation pathways
in the aqueous solutions of LNT product, namely hydrolysis at pH < 5.0 and isomerisation at pH > 6.0. At
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From: Marta Hanna Miks

To: Morissette, Rachel
Subject: RE: follow-up question for GRN 000833
Date: Wednesday, July 17, 2019 9:15:26 AM
Attachments: image004.png

image020.png

EDA Response to GRN 0008833 - July 16"19.pdf

Dear Dr. Rachel,
Please find attached our response letter to the questions on GRN 000833 (lacto-N-tetraose, LNT).
And please don’t hesitate to get back to us in case of any further questions or clarifications needed.

With kindest regards,
Marta

Marta H. Miks, DSc, PhD
Regulatory & Scientific Affairs Manager

Glycom A/S
Kogle Allé 4

2970 Hgrsholm

Denmark

TIf +455037 2222
mhm@glycom.com

www.glycom.com

CONFIDENTIALITY NOTICE: This message contains information that is privileged and/or confidential under applicable law. This
message is intended for the sole use of the individual and entity to whom it is addressed. You are hereby notified that any
distribution, copying, or other use of this message by someone other than the addressee or its designated agent is strictly
prohibited. If your receipt of this e-mail is in error, please notify the sender immediately by electronic mail, and delete this
message and all copies and backups thereof immediately. Thank you.

From: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov>
Sent: Wednesday, July 10, 2019 9:03 PM

To: Marta Hanna Miks <mhm@glycom.com>

Subject: FW: follow-up question for GRN 000833

Dear Ms. Miks,
| received an out-of-office message for Dr. Réhrig. Would you be able to respond to my email below?
Thank you,

Rachel Morissette, Ph.D.
Regulatory Review Scientist

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety


mailto:mhm@glycom.com
mailto:Rachel.Morissette@fda.hhs.gov
http:www.glycom.com
mailto:mhm@glycom.com

U.S. Food and Drug Administration
rachel.morissette@fda.hhs.gov
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From: Morissette, Rachel

Sent: Wednesday, July 10, 2019 2:59 PM

To: Christoph Rohrig <Christoph.Roehrig@glycom.com>
Subject: follow-up question for GRN 000833

Dear Christoph,

Our chemist has two follow-up questions for GRN 000833. Once we have that information we can
continue the review of your GRAS notice.

1. Forinfant formula uses, Glycom notes that LNT may be added together with other human-

identical milk oligosaccharides (HiMOs) such as LNnT and 2’-FL with target concentrations
based on levels found in human milk. While we would not expect Glycom to project all possible
combinations of HiMOs in infant formula, it remains unclear if these oligosaccharide uses are
substitutional, partially substitutional, or largely additive. Please indicate which, if any, HiMO
uses are substitutional or if they are all potentially additive. Since you have noted that the LNT
ingredient will likely be used in combination with one or more related HiMOs, please provide
one or more examples of combinations that would be consistent with your GRAS conclusions
for use of these ingredients (GRN 000833 and previous HiMOs in GRNs 547, 650, 659) in infant
formula.

. For conventional foods uses, please clarify whether the uses of LNT would be substitutional (or
additive) for related ingredients and similar food uses that have been the subject of previous
GRNs submitted by Glycom. If LNT is likely to be used in combination with one or more related
HiMOs, please provide one or more examples of combinations that would be consistent with
your GRAS conclusions for use of these ingredients (GRN 000833 and previous HiMOs in GRNs
547, 650, 659) in conventional foods.

Best regards,

Rachel

Rachel Morissette, Ph.D.
Regulatory Review Scientist

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety
U.S. Food and Drug Administration

rachel.morissette@fda.hhs.gov
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From: Christoph Réhrig

To: Morissette, Rachel

Subject: RE: question for GRN 000833

Date: Friday, October 04, 2019 4:03:37 AM
Attachments: image001.png

Dear Rachel,

Please apologise the delay of my response, but since we don’t directly produce to consumer, |
wanted to ensure to confirm with our vendors:

| can confirm that the proposed use of LNT in infant formulas is currently limited to milk-based non-
exempt formulas.

Kind regards,
Christoph

Christoph H. Rohrig
PhD, Senior Scientist
Head of Regulatory & Scientific Affairs

Glycom A/S
Kogle Allé 4

2970 Hgrsholm
Denmark

TIf +45 28263724
Fax +45 4593 3968

christoph.roehrig@glycom.com
WWW.glycom.com

CONFIDENTIALITY NOTICE: This message contains information that is privileged and/or confidential under applicable law. This
message is intended for the sole use of the individual and entity to whom it is addressed. You are hereby notified that any
distribution, copying, or other use of this message by someone other than the addressee or its designated agent is strictly
prohibited. If your receipt of this e-mail is in error, please notify the sender immediately by electronic mail, and delete this
message and all copies and backups thereof immediately. Thank you.

From: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov>
Sent: 26. september 2019 15:51

To: Christoph Rohrig <Christoph.Roehrig@glycom.com>
Subject: question for GRN 000833

Dear Christoph,

Can you please confirm the protein source of the infant formulas in your intended use of LNT (e.g. milk-
based, soy-based, etc.)?

Best regards,

Rachel


mailto:Christoph.Roehrig@glycom.com
mailto:Rachel.Morissette@fda.hhs.gov
http:www.glycom.com
mailto:christoph.roehrig@glycom.com

Rachel Morissette, Ph.D.
Regulatory Review Scientist

Division of Food Ingredients

Office of Food Additive Safety

Center for Food Safety and Applied Nutrition
U.S. Food and Drug Administration

rachel.morissette@fda.hhs.gov
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From: Christoph Réhrig

To: Morissette, Rachel

Subject: RE: response letter GRN 000833

Date: Tuesday, October 08, 2019 3:06:20 AM
Attachments: image007.png

Dear Rachel,

Many thanks for sending us the FDA response letter, much appreciated.

No need to apologize for the (limited) delay, we understand that the reason for it goes back to the
beginning of the year and were outside of FDA’s control.

It is our continued pleasure to interact and discuss with FDA since the quality of scientific scrutiny is
simply excellent.

With kind regards,
Christoph

Christoph H. Rohrig
PhD, Senior Scientist
Head of Regulatory & Scientific Affairs

Glycom A/S
Kogle Allé 4
2970 Hgrsholm
Denmark

TIf +45 28263724
Fax +45 4593 3968

christoph.roehrig@glycom.com
WWW.glycom.com

CONFIDENTIALITY NOTICE: This message contains information that is privileged and/or confidential under applicable law. This
message is intended for the sole use of the individual and entity to whom it is addressed. You are hereby notified that any
distribution, copying, or other use of this message by someone other than the addressee or its designated agent is strictly
prohibited. If your receipt of this e-mail is in error, please notify the sender immediately by electronic mail, and delete this
message and all copies and backups thereof immediately. Thank you.

From: Morissette, Rachel <Rachel.Morissette@fda.hhs.gov>
Sent: 7. oktober 2019 19:36

To: Christoph Rohrig <Christoph.Roehrig@glycom.com>
Subject: response letter GRN 000833

Dear Christoph,

Please see attached the response letter for GRN 000833. | apologize for the delay. Please let me know if
you have any questions.

Best regards,


mailto:Christoph.Roehrig@glycom.com
mailto:Rachel.Morissette@fda.hhs.gov
http:www.glycom.com
mailto:christoph.roehrig@glycom.com

Rachel

Rachel Morissette, Ph.D.
Regulatory Review Scientist

Division of Food Ingredients

Office of Food Additive Safety

Center for Food Safety and Applied Nutrition
U.S. Food and Drug Administration
rachel.morissette@fda.hhs.gov
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Glycom A/S, Kogle Allé 4, 2970 Horsholm, Denmark

16 July 2019

Rachel Morissette

Regulatory Review Scientist

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

Division of Biotechnology and GRAS Notice Review
Food and Drug Administration

5001 Campus Drive

College Park, MD

20740-3835 USA

Re: GRAS Notice No. GRN 000833
Dear Dr. Morissette,
Please see the below responses to the United States (U.S.) Food and Drug Administration (FDA)'s email

received on 10 July 2019 pertaining to information provided within Glycom A/S (Glycom)'s Generally
Recognized as Safe (GRAS} Notice for lacto-N-tetraose {LNT) filed by the Agency under GRN 833.

FDA.1. For infant formula uses, Glycom notes that LNT may be added together with other human-identical
milk oligosaccharides (HiMOs) such as LNnT and 2’-FL with target concentrations based on levels found in
human milk. While we would not expect Glycom to project all possible combinations of HiMOs in infant
formula, it remains unclear if these oligosaccharide uses are substitutional, partially substitutional, or largely
additive. Please indicate which, if any, HiMO uses are substitutional or if they are all potentially additive.
Since you have noted that the LNT ingredient will likely be used in combination with one or more related
HiMOs, please provide one or more examples of combinations that would be consistent with your GRAS
conclusions for use of these ingredients (GRN 000833 and previous HiMOs in GRNs 547, 650, 659) in infant
formula.

While Glycom is not a manufacturer of infant formula, the company anticipates that their portfolio of human-
identical milk oligosaccharides (HiMOs), such as 2’-FL, DFL, LNT, and LNnT, will be used in combination to
produce infant formula products that are as compositionally representative of human breast milk as possible,
taking into account natural variation. Accordingly, the use of LNT as described in GRN 833 would be GRAS
when used in combination (i.e., an additive manner) with all HiMO’s that have GRAS status for use in infant
formula. The agency is correct however, that some uses of Glycom'’s HiMO’s in infant formula will be 100%
substitutional. For example, 2'FL as described in GRN 546 would not be used in combination with other
sources of 2'-FL (e.g., GRN 650, 815); in these cases, the use of 2’-FL would be completely substitutional.
Regardless of the particular combination there are two prevailing points underscoring the use of Glycom’s
HiMO's in infant formula that Glycom would like to emphasize:

1. GRAS uses of Glycom’s HiMO's will produce infant formula products that are representative of levels
that have been reported for human milk samples obtained from lactating women across all lactational
stages taking into account natural variation,

2. Any infant formula containing a new HiMO, or new HiMO combination, will be subject to the laws and
implementing regulations governing infant formula under section 412 of the Federal Food Drug and





Cosmetic Act (21 USC 350a). Accordingly, any combination of HIMO whether used singularly, or on an
additive basis with various HIMQ's will be the subject of safety and tolerance testing in infants; such
information would provide corroborating evidence in support of Glycom's view that HIMO’s when used
in combinations that are representative of levels in human milk will be safe and well tolerated.

| FDA.2. For conventional foods uses, please clarify whether the uses of LNT would be substitutional {or

| additive) for related ingredients and similar food uses that have been the subject of previous GRNs submitted |

! by Glycom. If LNT is likely to be used in combination with one or more related HiMOs, please provide one or |

| more examples of combinations that would be consistent with your GRAS canclusions for use of these |
ingredients (GRN 000833 and previous HiMOs in GRNs 547, 650, 659) in conventional foods. I

Glycom is a manufacturer of HIMO ingredients, not finished food products; as such, Glycom has no control over
ingredient combinations a food company decides to use with Glycom’s HiIMO’s. Notwithstanding this point, it
is anticipated that food uses of HiMO's in conventional food applications would be in keeping the uses and use
levels that are GRAS for infant formula use (i.e., in ratios or combinations that produce dietary exposures that
are comparable to levels consumed by infants fed breast milk). For example, as shown in Table 3.2.2-2 of GRN
833, the estimated population-wide exposures to LNT from all potential food uses in conventional food
products would not exceed the exposures on a mg/kg basis that have been estimated for young infants.
Glycom notes that all HIMO's that have been tested to date in animal toxicology studies have been determined
to be innocuous up to the highest dietary levels tested and we are not aware of any evidence to suggest that
ingestion of HIMO's at any level would be unsafe outside of potential {olerance issues commeon to non-
digestible oligosaccharides, which are self-limiting in nature. Accordingly, it is Glycom’s view that LNT can be
used individually or in combination with other HIMOQ’s provided that the use levels of all ingredients respect the
levels that have been concluded to be GRAS. Similar HIMO's (e.g., 2-FL vs. 2'-FL/DFL) would be used in a 100%
substitutional manner.

Table 3.2.2-2 Summary of the Estimated Daily Per Kilogram Body Weight intake of LNT from Proposed
Food-Uses in the U.S. by Population Group {2013-2014 NHANES Data)*

Population Group Age Group Per Caopita Intake (mg/kg bw/day)  Consumer-Only Intake {mg/kg bw/day)
(Vears) Mean 90t percentile % n Mean 90t Percentile
Young Infants 0 to & months 141 286 80.1 165 176 301
Older Infants 7 to 12 months 197 352 99.9 127 197 as2
Toddlers 1to3 69.1 141.0 98.5 460 70.2 141.0
Children 41010 27.4 56.0 88.9 980 27.7 56.4
Female Teenagers 11to 18 116 26.0 94.6 568 12.3 264
Male Teenagers 11to 18 143 27.9 98.2 569 146 279
Eﬁ;’:;i:‘r?::i:; 1910 40 10.0 221 929 819 10.7 228
Female Adults 19to 64 9.8 22.7 92.9 1,752 10.6 23.2
Male Aduits 19to 64 10.2 238 92.7 1,518 11.0 24.9
Elderly 65 and up 8.1 20.4 92.1 906 8.8 20.6
Total Population All ages 16.2 320 93.8 7,045 17.2 336

LNT = lacto-N-tetraose; bw = body weight; n = sample size; NHANES = National Health and Nutrition Examination Survey; U.S. = United
States.

*Intake data expressed as wet weight of ingredient under the proposed conditions of intended use.





We hope this information adequately addresses the Agency’s questions on GRN 000833, and if there is any

additional information or further clarification that is required, Glycom will happy to provide such information
upon request.

Sincerely,
clrante — Lo —
Marta H. Miks, DSc, PhD

Regulatory & Scientific Affairs Manager
Glycom A/S
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2.4.1 Bulk Stability

2.4.1.1 Real-Time Stability

The bulk stability of the LNT produced from fermentation, as described herein, was investigated under real-
time conditions [25°C, 60% relative humidity (RH)] and accelerated conditions (40°C, 75% RH). A real-time
5-year stability study and a 2-year accelerated stability study are currently ongoing on representative
batches of LNT. The chemical, physical, microbiological, and sensory testing was performed in an ongoing 5-
year storage study (25°C, 60% RH) on 2 representative batches (No. CPN4215 00115 and CPN4215 1000516
FD), with interim results available up to 24 and 9 months, respectively, at the time of filing (see Table
2.4.1.1-1). The results further confirm that the ingredient is stable when stored at ambient room

temperature for at least 24 months.

Table 2.4.1.1-1 Results of the 5-Year Real-Time Stability Study on LNT Product (25°C, 60% Relative
Humidity, RH) for 2 Representative Batches: A) Batch No. CPN4215 00115, and B) Batch
No. CPN4215 1000516 FD

A) Manufacturing Batch Number CPN4215 00115

Sample Time (Months)

Parameter
0 3 6 9 12 18 24
Physical Properties
Color White White White White Ivory white ~ White Ivory white
Non- . . . Slightly Slightly .
Appearance agglutinate A(g)i::z:ated A(g)i::z:ated A(g)i::tenrwated agglutinate agglutinate A(g)i::telpated
d powder P P P d powder d powder P
Purity
Water content [%] 13.6 11.9 12.2 12.4 12.5 15.6 13.0
Assay — LNT [%] 78.3 79.8 79.6 77.9 77.3 78.2 76.3
Lactose [%] 1.74 1.89 1.86 191 1.94 1.26 1.2
Lactulose [%] n.r. <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Lacto-N-triose Il [%] 4.0 4.33 411 4.68 4.79 3.25 3.4
Para-LNH2 [%] 0.68 0.66 0.67 0.65 0.66 0.78 0.8
LNT fructose isomer [%] 0.38 0.35 0.31 0.39 0.36 0.33 0.4
?;?ay (water free) HIMS o 5 97.6 97.5 96.4 96.0 97.9 93.0
0
Microbiological Quality
Aerobic mesophilic total
<10 Not tested Not tested Not tested <10 Not tested  Not tested
plate count [CFU/g]
Enterobacteriaceae ﬁgsgent n Not tested Not tested Not tested ﬁgsgent n Not tested  Not tested
Salmonella spp. ,;Esgent n Not tested Not tested Not tested gssgent n Not tested  Not tested
Cronobacter " Absent in Not tested Not tested Not tested Absent in Not tested  Not tested
(Enterobacter) sakazakii 10g 10g
L Absent in Absent in
Listeria monocytogenes 258 Not tested Not tested Not tested 25¢g Not tested  Not tested
Bacillus cereus [CFU/g] <10 Not tested Not tested Not tested <10 Not tested  Not tested
Yeasts [CFU/g] <10 Not tested Not tested Not tested <10 Not tested  Not tested
Moulds [CFU/g] <10 Not tested Not tested Not tested <10 Not tested  Not tested

Glycom A/S
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B) Manufacturing Batch Number CPN4215 1000516 FD

Sample Time (Months)

Parameter
0 3 6 9 12 18 24
Physical Properties
Color White n.a. n.a. n.a. Not tested Not tested Not tested
Appearance Fine n.a. n.a. n.a. Not tested Not tested Not tested
powder
Purity
Water content [%] 2.4 2.2 1.8 2.2 Not tested Not tested Not tested
Assay — LNT [%] 74.9 76.3 76.9 73.4 Not tested Not tested Not tested
Lactose [%] 8.7 8.9 9.30 8.8 Not tested Not tested Not tested
Lactulose [%] 0.2 0.2 0.2 0.2 Not tested Not tested Not tested
Lacto-N-triose Il [%] 5.7 5.5 5.6 5.6 Not tested Not tested Not tested
Para-LNH2 [%] 2.1 2.0 2.3 2.2 Not tested Not tested Not tested
LNT fructose isomer [%] 1.0 0.9 0.9 1.0 Not tested Not tested Not tested
A fi HiM
[;iay (water free) HIMS 5, ¢ 92.7 93.5 89.7 NA NA NA
(+]
Microbiological Quality
Aerobic mesophilic total
<10 Not tested  Not tested Not tested Not tested Not tested Not tested
plate count [CFU/g]
. Absent
Enterobacteriaceae in10 g Not tested Not tested Not tested Not tested Not tested Not tested
Absent
Salmonella spp. in 25 g Not tested  Not tested Not tested Not tested Not tested Not tested
Al
Cronobacter " . bsent Not tested Not tested Not tested Not tested Not tested Not tested
(Enterobacter) sakazakii in10g
L Absent
Listeria monocytogenes in ;:ng Not tested Not tested Not tested Not tested Not tested Not tested
Bacillus cereus [CFU/g] <10 Not tested  Not tested Not tested Not tested Not tested Not tested
Yeasts [CFU/g] <10 Not tested Not tested Not tested Not tested Not tested Not tested
Moulds [CFU/g] <10 Not tested Not tested Not tested Not tested Not tested Not tested

CFU = colony-forming units, LNT = lacto-N-tetraose, HiMS = human-identical milk saccharides = sum of LNT, lactose and lacto-N-
triose Il; NA = not applicable; n.a. = not available; n.r. = not reported; para-LNH2 = para-lacto-N-hexaose-2.

2.4.1.2 Accelerated Stability

The bulk stability of spray dried, amorphous LNT products was investigated, under accelerated conditions
(40°C, 75% RH) for a period of 2 years. The results for 2 representative batches No CPN4215 00115 and No
CPN4215 1000516 FD are presented in Table 2.4.1.2-1 below. The results of these studies indicate that
there are no changes in organoleptic properties of LNT, no appreciable degradation of LNT, no changes in
impurity profile, and no alterations in the microbiological quality of the ingredient following storage for up
to 2 years under defined, accelerated storage conditions. LNT was analysed by HPLC and water content was
analysed by Karl Fischer titration at each time point.

Two independent lots of LNT were demonstrated to be stable throughout the 24- and 9-month storage
periods respectively (for Batch Nos. CPN4215 1000516 FD and CPN4215 1000516 FD, respectively) with no
measurable loss of LNT, other carbohydrates or change in impurities content. As with the real-time stability
testing, no appreciable changes, degradation of the ingredient, or alterations in impurity profiles were
reported. Based on the results of the accelerated stability study and using the Arrhenius equation (Peleg et
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al., 2012), the stability of the ingredient was calculated to be at least 5 years when protected from light and
stored at room temperature and ambient humidity.

Table 2.4.1.2-1 Representative Interim Results of the 2-Year Accelerated Stability Study on LNT Product
(40°C, 75% Relative Humidity, RH) for 2 Representative Batches: A) Batch No. CPN4215
00115, and B) Batch No. CPN4215 1000516 FD

A) Manufacturing Batch Number CPN4215 00115

Parameter Sample Time (Months)
0 1 2 3 6 9 12 18 24

Physical Properties

Colour White White White White White White Ivory white Ivory white Ivory white

Appearance Not Slightly Slightly Agglutinated Agglutinated Agglutinated Slightly Slightly Agglutinated
agglutinated  agglutinated  agglutinated powder powder powder agglutinated agglutinated  powder
powder powder powder powder powder

Purity

Water content [%] 13.6 11.7 12.7 11.8 13.1 13.0 135 11.4 13.4

Assay — LNT [%] 78.3 77.0 77.5 78.0 78.0 78.6 78.3 77.7 76.3

Lactose [%] 1.74 1.89 1.83 1.96 1.90 1.94 2.07 1.88 1.90

Lactulose [%] n.r. <0.1 <0.1 <0.1 <0.1 0.10 <0.1 <0.1 <0.1

Lacto-N-triose Il [%] 4.00 4.52 4.42 4.46 4.13 4.58 4.82 3.91 3.50

Para-LNH2 [%] 0.68 0.72 0.61 0.68 0.65 0.65 0.67 0.73 0.70

LNT fructose isomer  0.38 0.39 0.36 0.37 0.34 0.37 0.44 0.38 0.40

[%]

Assay (water free) 97.3 94.5 95.4 95.8 96.7 97.9 98.5 94.2 94.3

HiMS [%]

Microbiological Quality

Aerobic mesophilic <10 Not tested Not tested Not tested <10 Not tested <10 Not tested <10

total plate count

[CFU/g]

Enterobacteriaceae Absent in Not tested Not tested Nottested Absentin  Nottested Absentin  Not tested Absent in
10g 10g 10g 10g

Salmonella spp. Absent in Not tested Not tested Nottested Absentin  Nottested Absentin  Not tested Absent in
25g 25g 25g 25g

Cronobacter Absent in Not tested Not tested Nottested Absentin  Nottested Absentin  Not tested Absent in

(Enterobacter) 10g 10g 10g 10g

sakazakii

Listeria Absent in Not tested Not tested Nottested Absentin  Nottested Absentin  Not tested Absent in

monocytogenes 25¢g 25g 25¢g 25¢g

Bacillus cereus <10 Not tested Not tested Not tested <10 Not tested <10 Not tested <10

[CFU/g]

Yeasts [CFU/g] <10 Not tested Not tested Not tested <10 Not tested <10 Not tested <10

Moulds [CFU/g] <10 Not tested Not tested Not tested <10 Not tested <10 Not tested <10
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B) Manufacturing Batch Number CPN4215 1000516 FD

Parameter Sample Time (Months)
0 1 2
Physical Properties
Colour White White White
Appearance Fine Fine Fine
powder powder powder
Purity
Water content [%] 2.4 2.3 2.3
Assay - LNT [%] 74.9 75.0 75.7
Lactose [%] 8.7 8.6 9.1
Lactulose [%] 0.2 0.2 0.2
Lacto-N-triose Il [%] 5.7 5.9 5.8
Para-LNH2 [%] n.a. 2.0 2.0
LNT fructose isomer [%] 1.0 1.0 0.8
Assay (water free) HIMS [%] 91.5 91.6 92.8
Microbiological Quality
Aerobic mesophilic total <10 Not tested Not tested
plate count [CFU/g]
Enterobacteriaceae Absentin  Not tested Not tested
10g
Salmonella spp. Absentin  Not tested Not tested
10g
Cronobacter (Enterobacter)  Absentin  Nottested Not tested
sakazakii 10g
Listeria monocytogenes Absentin  Not tested Not tested
10g
Bacillus cereus [CFU/g) <10 Not tested Not tested
Yeasts [CFU/g] <10 Not tested Not tested
Moulds [CFU/g] <10 Not tested Not tested

White

Fine
powder

2.2
77.7
9.2
0.2
5.6
2.0
1.0
94.6

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested
Not tested
Not tested

White

Fine
powder

1.8
76.9
2.0
0.2
5.6
2.2
0.9
93.2

<10

Absent in
10g

Absent in
10g

Absent in
10g

Absent in
10g

<10
<10
<10

White

Fine
powder

2.0
74.4
8.2
0.2
5.6
2.0
1.0
90.0

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested
Not tested
Not tested

12

Not tested
Not tested

Not tested
Not tested
Not tested
Not tested
Not tested
Not tested
Not tested
NA

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested
Not tested
Not tested

18

Not tested
Not tested

Not tested
Not tested
Not tested
Not tested
Not tested
Not tested
Not tested
NA

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested
Not tested
Not tested

24

Not tested
Not tested

Not tested
Not tested
Not tested
Not tested
Not tested
Not tested
Not tested
NA

Not tested

Not tested

Not tested

Not tested

Not tested

Not tested
Not tested
Not tested

CFU = colony-forming units, LNT = lacto-N-tetraose, HiMS = human-identical milk saccharides = sum of LNT, lactose and lacto-N-

triose Il; NA = not applicable; n.a. = not available; n.r. = not reported; para-LNH2 = para-lacto-N-hexaose-2.

2.4.1.3 Stress/Forced Stability

The stress and forced stability studies described herein, were performed according to the International
Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human
Use (ICH) Guidelines (Stability Testing of New Drug Substances and Products) and aimed to identify the likely
degradation products under harsh, stress conditions.

Forced stability tests of the bulk LNT product in aqueous solutions were performed at 60 and 80°C for 8 and
4 weeks of storage, respectively, using dissolved:

e Amorphous LNT powder at slightly acidic pH (4.5)
e Crystalline LNT powder at neutral pH (6.3) as reference
e Amorphous LNT powder at neutral pH (6.8)

The results of this study showed the presence of 2 potential pH-dependent chemical degradation pathways
in the aqueous solutions of LNT product, namely hydrolysis at pH < 5.0 and isomerisation at pH > 6.0. At
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Table 2.3.1-1 Specifications for LNT

Para-LNH2

LNT fructose isomer

Sum of other carbohydrates

pH (20°C, 5% solution)

Water

Ash, sulphated

Residual protein by Bradford assay

Lead

Microbiological Parameters®
Aerobic mesophilic total plate count
Enterobacteriaceae

Salmonella spp.

Cronobacter (Enterobacter)
sakazakii

Listeria monocytogenes
Bacillus cereus

Yeasts

Moulds

Residual endotoxins

Not more than 3.5 w/w %

Not more than 1.0 w/w %
Not more than 5.0 w/w %
40t06.0

Not more than 6.0 w/w %
Not more than 0.5 w/w %
Not more than 0.01 w/w %

Not more than 0.1 mg/kg

Not more than 500 CFU/g

Absentin10g
Absentin25g

Absentin10g

Absentin25g

Not more than 50 CFU/g
Not more than 10 CFU/g
Not more than 10 CFU/g
Not more than 10 EU/mg

2.8
0.7

13

4.4

1.9

0.10
<0.0017

<0.1

<10

Complies

Complies
Complies

Complies
<10
<10
<10
0.02

I+

I+

I+

I+

I+

I+

0.3
0.1

0.1

0.2
0.5

0.03

0.02

Glycom method HPAEC-HMO-006
Glycom method HPLC-703-7C7-001

Glycom method HPLC-703-7C7-001
and HPAEC-HMO-006

Ph. Eur. 9.2 2.2.3 (07/2016:20203)
Glycom method KF-001

Ph. Eur. 9.2 2.4.14 (04/2010:20414)
Glycom method UV-001

EN 13805:2002 and EPA-6020A:2007

ISO 4833-1:2014

ISO 21528-1:2004, 1SO 21528-2:2004
ISO 6579:2006

ISO-TS 22964:2006

ISO 11290-1:1996/A1:2005
ISO 7932:2005
ISO 7954:1999
ISO 7954:1999
Ph. Eur. 2.6.14

AVE = average; CFU = colony-forming units; EU = endotoxin units; Ph. Eur. = European Pharmacopoeia; HiMS = Human-identical milk
saccharides (LNT + lactose + lacto-N-triose Il); HPAEC = high-performance anion exchange chromatography; IC = ion chromatography; ISO
= International Organization for Standardization; KF: Karl-Fischer; MPN = most probable number; RT= retention time.

aHiMS = Sum of LNT + Lactose + Lacto-N-triose Il.
bThe following microbial specifications represent alternative minimum limits that can be applied to LNT that is added to infant
formula and toddler nutrition products during the wet-mix stage of the formula manufacturing process: Aerobic mesophilic total
plate count (<1000 CFU/g), Enterobacteriaceae (<10 CFU/g), Salmonella spp. (Absent in 25 g), Yeast (100 CFU/), Molds (100
CFU/g). These specifications are also applicable to uses in conventional food products used by the general population (i.e., non-

infant formula products).

2.3.2  Product Analyses

2.3.2.1 Main products and Other Carbohydrates

LNT manufactured by Glycom can be described as white to off-white amorphous powder or agglomerate.
Amorphous powders do not possess defined melting points. LNT is readily soluble in aqueous solutions
(max. 400 mg/mL, 25°C), with poor solubility in any organic solvents. The summary of batch results
corresponding to selected physicochemical properties of LNT is presented in Table 2.3.2.1-1.

Table 2.3.2.1-1 Batch Results for Selected Physicochemical Properties of LNT Product

Parameters Manufacturing Batch Numbers:
CPN4215 CPN4215 CPN4215 CPN4215
1000216 FD 1000316 FD 1000416 FD 1000516 FD
Appearance Powder or agglomerates
Colour White to off white
pH (20°C, 5% solution) 4.6 4.0 4.3 45

Glycom A/S
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O\ GLYCOM

2.3 Product Specifications and Batch Analyses
2.3.1 Specifications

Specifications for LNT are presented in Table 2.3.1-1. The parameters include the main components of the
HiMS mixture, consisting predominantly of LNT (min. 70%), with some levels of lactose (max. 12%) and
lacto-N-triose Il (max. 10%), as well as possible by-products and degradation products® such as para-lacto-N-
hexaose-2 (max. 3.5%) and the LNT fructose isomer®® (max. 1%).

LNT is further specified as a white to off-white powder that is produced by a microbial fermentation process
using an E. coli K-12 DH1-derived strain. Since lactose and lacto-N-triose Il are also naturally present in
human milk, another quality parameter relevant to the infant nutrition uses has been introduced with
90.0% as the sum of HiMS to ensure a highly consistent product quality in context of that particular
proposed use. The LNT content is specified by water-free assay based on high-performance anion exchange
chromatography (HPAEC) coupled with pulsed amperometric detection (PAD) analysis. The main
advantages of the PAD detector used is high sensitivity and selectivity, wide dynamic detection levels,
reliable performance with excellent precision and more consistent response over wide range of chemical
structures (e.g., no chromophores are required for detection). Upper limits have also been established for
microbiological parameters and includes separate specifications for LNT that is used during the wet blending
stage of infant formula where heat killing steps are applied prior to dry-blending of heat-sensitive
ingredients; infant formula containing LNT will therefore be compliant with the microbial requirements for
infant formula as defined under 21 CFR §106.55. These microbial specifications are comparable to limits

concluded to be GRAS for the addition of galacto-oligosaccharides to infant formula as described in GRN
620.

All methods of analysis are either internationally-recognised or developed and validated internally by
Glycom and confirmed by independent accredited external laboratories [International Laboratory
Accreditation Cooperation (ILAC)-accredited laboratory WESSLING Hungary Kft., and Eurofins Medigenomix
GmbH (Germany) accredited against ISO/IEC 17025:2005 by Die Deutsche Akkreditierungsstelle GmbH
(Dakks)].

Table 2.3.1-1 Specifications for LNT
Definition

Lacto-N-tetraose (LNT) is a purified, white to off-white powder that is produced by a microbial process.

Source

A modified strain of Escherichia coli K-12 DH1.

Parameter Specification AVE + SD Method

Appearance Powder or agglomerates Complies ISO 6658:2007

Colour White to off white Complies ISO 6658:2007

Identification (LNT) RT of standard * 3% Complies Glycom method HPLC-703-7C7-001
Assay (water free) HiMS? Not less than 90.0 w/w % 93 + 1 aGr:y;c:r:Argg_t:;)/(I:IOI-_IOPSGCS—7O3—7C7—OO1
Assay (water free) - LNT Not less than 70.0% 78 + 2 Glycom method HPLC-703-7C7-001
D-Lactose Not more than 12.0 w/w % 7.6 + 15 Glycom method HPAEC-HMO-006
Lacto-N-triose Il Not more than 10.0 w/w % 6.4 + 1.0 Glycom method HPAEC-HMO-006

% It should be noted that lactose and lacto-N-triose Il are also principal degradation products of LNT.
10 “LNT fructose isomer” denotes an isomer of LNT where the terminal glucose sugar isomerised to a fructose sugar.

Glycom A/S 13
21 November 2018, revised 15 May 2019






O\ GLYCOM

Table 2.1-1 Description of Identity of LNT

Product Name Lacto-N-tetraose
Abbreviations LNT
IUPAC Name B-p-Galactopyranosyl-(1->3)-2-acetamido-2-deoxy-B-p-glucopyranosyl-(1->3)-B-p-
galactopyranosyl-(1->4)-b-glucopyranose
IUPAC Abbreviation B-p-Galp-(1-3)-B-b-GlcNAcp-(1-3)-B-p-Galp-(1-4)-b-Glc
(extended)
IUPAC Abbreviation Gal-(B1-3)-GIcNAc-(B1-3)-Gal-(B1-4)-Glc
(condensed)
Molecular Structure OH OH
Ho PH HO oH
HO (¢ 0 o o
OH NHAc OH
OH
Symbol Nomenclature B1-4
B1-3 N-acetyl-D-  Galactose  Glucose
glucosamine (Gal) (Gle)
B1'3 (GlcNAc)
Molecular Formula Ca6HasNO21
Molecular Mass (weight) 707.63
CAS Number 14116-68-8
CAS Name D-Glucose, O-B-D-galactopyranosyl-(1->3)-0-2-(acetylamino)-2-deoxy-B-D-glucopyranosyl-

(1->3)-0-B-D-galactopyranosyl-(1->4)-

The structural relationship between LNT, LNnT and lacto-N-triose Il
B1-4
Lacto-N-triose Il
B1-3
B1-4 Type 2core

' ™

Type 1lcore pB1-3

B1-4 p1-4
B1-3 B1-3
B1-3 LNT p1-4 LNNnT

CAS = Chemical Abstracts Service; IUPAC = International Union of Pure and Applied Chemistry; LNnT = Lacto-N-neotetraose; LNT =
Lacto-N-tetraose.

2.2 Manufacturing

2.2.1 Description of the Production Microorganism
2.2.1.1 Parental (Host) Strain

The genotypic characteristics of the parental/recipient microorganism, Escherichia coli K-12 DH1, are
presented in Table 2.2.1.1-1. The genome of E. coli K-12 has been sequenced and bioinformatic

Glycom A/S
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beverages targeted towards the general U.S. population (up to 1.0 g/L or 10 g/kg), and foods for special
dietary use (e.g., meal replacement bars) at levels up to 2.0 g/L or 20 g/kg. The maximum use-levels are
proposed on the basis of providing similar levels of LNT on a body weight basis as those consumed by
breast-fed infants (see Section 3.1.3).

Table 1.3-1 Summary of the Individual Proposed Food Uses and Use-Levels for LNT in the U.S.

Food Category Proposed Food Use RACC? Proposed Proposed
(g or mL) Maximum Maximum
Use-Level Use-Level
(8/RACC) (s/kg or g/L)
Beverages and Meal Replacement Drinks, for Weight Reductionb 240 mL 0.48 2.0
Beverage Bases Sports and Isotonic Drinks, Energy Drinks, Soft Drinks, 360 mL 0.36 10
Enhanced or Fortified Waters, Fruit-based Ades ’
Infant and Toddler ~ Term Infant Formulas 100 mLe 0.08 0.8
Foods Toddler Formulas 100 mLe 0.06 0.6
Other Baby Foods for Infants and Young Children 7t0170g 0.04 to 0.85 5.0
Other Drinks for Young Children 120 mL 0.07 0.6
Grain Products and  Meal Replacement Bars, for Weight Reduction 40¢g 0.8 20
Pastas Cereal and Granola Bars 40g 0.4 10
Milk, Whole and Unflavored Pasteurized and Sterilized milk* 240 mL 0.24 1.0
Skim .
Milk Products Buttermilk* 240 mL 0.24 1.0
Flavored Milk 240 mL 0.24 1.0
Milk-Based Meal Replacement Beverages, for Weight 240 mL 0.48 20
Reductionb '
Yogurt* 170 g 1.7 10

LNT = Lacto-N-tetraose; CFR = Code of Federal Regulations; RACC = Reference Amounts Customarily Consumed; U.S. = United
States.

aRACC based on values established in 21 CFR §101.12 (U.S. FDA, 2018aa). When a range of values is reported for a proposed
food-use, particular foods within that food-use may differ with respect to their RACC.

b Includes ready-to-drink and powder forms.

¢RACC not available, 100 mL employed as an approximation.

* LNT is intended for use in unstandardized products and not in foods where standards of identity exist and do not permit its
addition.

1.4 Basis for GRAS

Pursuant to 21 CFR § 170.30 (a)(b) of the Code of Federal Regulations (CFR) (U.S. FDA, 2018b), Glycom has
concluded that the intended uses of LNT as described herein are GRAS on the basis of scientific procedures.

1.5 Availability of Information

The data and information that serve as the basis for this GRAS Notification will be sent to the U.S. FDA upon
request, or will be available for review and copying at reasonable times at the offices of:

Glycom A/S
Kogle Allé 4
2970 Hgrsholm
Denmark
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Glycom A/S, Kogle Allé 4, 2970 Harsholm, Denmark \

22 May 2019

Rachel Morissette

Regulatory Review Scientist

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

Division of Biotechnology and GRAS Notice Review
Food and Drug Administration

5001 Campus Drive

College Park, MD

20740-3835 USA

Re: GRAS Notice No. GRN 000833

Dear Dr. Morissette,

Please see the below responses to the United States (U.S.) Food and Drug Administration (FDA)’s letter dated
03 May 2019 pertaining to information provided within Glycom A/S (Glycom)’s Generally Recognized as Safe
(GRAS) Notice for lacto-N-tetraose (LNT) filed by the Agency under GRN 833.

FDA.1. On pages 4 and 5 of the notice, Glycom refers to “follow-on formula” and “toddler formula.” As these
terms do not have a regulatory definition, please describe what population is meant by these terms and
whether they are the same or different.

Follow-on formula and toddler formula are used interchangeably in the notice. Follow-on formula/toddler
formula is defined by the World Health Organization as “food intended for use as a liquid part of the weaning
diet for the infant from the 6" month on and for young children” (WHO, 2001).

FDA.2. Please clarify if LNT is intended to be formulated with other human milk-like oligosaccharides
(HMOs), such as FOS, GOS, 2'-FL, LNnT, and other indigestible oligosaccharides on the market. What is the
target level of total HMOs in infant formula?

Similar to other human-identical milk oligosaccharides (HiMOs), LNT is intended for addition to infant formula
to produce an infant formula that is compositionally representative of human breast milk. To this end, LNT
may be added together with other human-identical milk oligosaccharides (HiMOs) such as LNnT and 2’-FL, to

1 WHo (2001). Follow-up Formula in the Context of the International Code of Marketing of Breast-Milk Substitutes. (Briefing Note).
World Health Organization (WHO). Available at: https://www.who.int/nutrition/follow-up_formula_eng.pdf.
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match the levels in breast milk taking into account natural variation. Since Glycom is not manufacturing final
infant nutrition products, we are not in the position to comment on the potential intention of infant nutrition
manufacturers to combine HiMOs with other indigestible oligosaccharides on the market or on the target level
of total HiMOs in infant formula.

Glycom is aware of the obligation of infant nutrition manufacturers to notify innovative infant formula recipes
containing human-identical milk oligosaccharides — including LNT — with appropriate data before launching on
the U.S. marketplace and trust that any given combination or addition level is supported specifically.

FDA.3. Please clarify the food uses in infant and toddler foods. Does “other baby foods” (and corresponding
RACC values) refer to all foods listed in 21 CFR 101.12, including cereal and grain products (ready-to-eat
(RTE): 7 g infants, 20 g toddler; all others: 7 g); dinners, desserts, fruits, vegetables, soups (ready-to-serve
(RTS) junior type or strained: 110 g; dry mix type: 15 g); RTS dinners, stews, or soups for toddlers: 170 g; RTS
fruits for toddlers: 125 g; RTS vegetables for toddlers: 70 g; RTS egg/egg yolk: 55 g; and juice, all varieties:
120 mL?

The proposed food-use “other baby foods” includes all foods targeted towards infants and young children 1 to
3 years of age. All food codes in the U.S. National Health and Nutrition Examination Survey (NHANES)
2013-2014 dataset described with the term “baby food” were assumed to target this population group and
were selected for the intake assessment. Thus, the exposure assessment accounted for all foods for infants and
young children listed in the 21 CFR §101.12, including cereal and grain products, dinners, desserts, fruits,
vegetables, soups, ready-to-serve dinners, stews, soups, fruits, and vegetables. It should be noted that juices
are included under the intended use of “other drinks for young children.”

Furthermore, it should be noted that the Reference Amounts Customarily Consumed per Eating Occasion
(RACCs) provided in Table 1.3-1 were for reference purposes only. Use levels applied in the intake assessment
were those expressed on a g/kg or g/L basis and are thus dependent on the amount of food consumed rather
than the serving size.

FDA.4. Please revise the footnote in Table 1.3-1 “LNT is intended for use in unstandardized products when
standards of identity do not permit its addition.” to “LNT is intended for use in unstandardized products and
not in foods where standards of identity exist and do not permit its addition.”

The footnote in Table 1.3-1 of the GRAS Notice has been revised to “LNT is intended for use in unstandardized
products and not in foods where standards of identity exist and do not permit its addition.” A replacement
page (page 5) has been provided.

FDA.5. Please correct the molecular formula for LNT shown on page 7 of the notice.

We apologize for the typo on page 7 of the Notice, where the LNT molecular formula (on page 7) omitted the
Nitrogen N (“CasH45021”). The correct molecular formula of LNT is C26H4sNO21. The correction has been
implemented and a replacement page (page 7) has been provided.





FDA.6. Please provide a description of the media and confirm if it is described in a prior GRN. Please also
indicate if all media materials are food-grade. Please clarify what “allergen-free (except for milk-derived
allergens)” means on page 12 of the notice. Is the media milk-based or does this refer to lactose?

Previous references (e.g. GRN 650, GRN 659) to the growth media used for microbial production of similar
human-identical milk oligosaccharides was limited to the general statement: “Fermentation is performed in a
chemically-defined, salt-based, minimal growth medium that excludes the use of antibiotics.”

The growth medium consists of the following raw materials and processing aids:

NAME TECHNICAL FUNCTION FORMULA

Purified water (PW) Solvent H,0

Sucrose (saccharose) or glucose Raw material C12H22011 or CgH1206
Lactose monohydrate Substrate C12H22011x H,0
Ammonia gas Nitrogen source NH3

Ammonium sulfate "Nitrogen source (NH,),S04
Phosphoric acid "Phosphor source H3PO4

Potassium hydroxide "pH-adjustment KOH

Citric acid hydrate

"pH-adjustment

C5H307 X Hzo

Antifoam

"Defoaming agent

Magnesium sulphate heptahydrate

"Essential element

MgS04 x 7 H,0

Iron sulphate heptahydrate "Essential trace element FeSO4 x 7H,0
Manganese sulphate hydrate "Essential trace element MnSO4 x H,0
Zinc sulphate hydrate "Essential trace element ZnS0O4 x H,0
Copper sulphate pentahydrate "Essential trace element CuSO4 x 5H,0
Nickel sulphate hexahydrate "Essential trace element NiSO4x 6H,0
Sodium molybdate dihydrate "Essential trace element Na;MoO4x 2H20
Sodium selenite "Essential trace element Na,SeO3
Thiamin HCI (Vitamin B;) "Essential micronutrient (co-factor) C12H17N40S

The following processing aids of non food-grade are used:

e Ammonia (gas)

e Trace metals: Nickel sulphate and sodium molybdate

Ammonia gas (NHs) is used in the fermentation process as an acidity regulator and nitrogen source. Ammonia
is a technical grade material and is supplied as a liquid (compressed gas). The relevant impurities according to
the Joint FAO/WHO Expert Committee on Food Additives (JECFA) specification for 27 to 30% ammonium
solution are non-volatile residues and lead (Pb). From the supplier we are informed that the content of non-
volatile substances are below the limit set forward by JECFA. The limit of lead in the JECFA specification is 2
mg/kg for a 27 to 30% aqueous solution. The content of lead in the concentrated ammonia is typically less
than 0.5 ppm. Lead is actively removed in downstream ion exchange process and the parameter is included in






the finished product specifications and monitoring plan. The added quantity of ammonia is not significant and
from a worst-case point calculation the potential contamination from impurities stemming from ammonia,
even if nothing would be removed (which is clearly not the case), will not exceed the limit in the finished
product specification.

The transport of liquid ammonia is in dedicated tankers, so cross-contamination from transport vessels is not
an issue.

Based on the content of potential impurities and the purification steps in the manufacturing process, it is
evaluated that the use of technical grade ammonia is not of concern in the perspective of food safety and
human health.

The trace metals nickel sulphate hexahydrate (NiSO4x 6H,0) and sodium molybdate dihydrate (Na;MoQ, x
2H,0) are added to the fermentation process and are processing aids serving the purpose to give the optimal
conditions for growth of the production microorganism. Since the production microorganism is removed, and
thus serves as a processing aid in the manufacture of the HMO product, the minerals could be considered to be
“processing aids of a processing aid”.

The trace metals are added in very small quantities (less than 10 ppm). Glycom wasn’t able to source the trace
metals as food grade, but they are of analytical grade and possess thus a very low content of impurities. The
trace metals are actively removed in the downstream processing ion exchange step. Since these trace metals
are not used as direct food additives and do not remain in the finished ingredient due to purification controls
used during processing, the sources are not required to be food-grade certified.

Molybdate and Nickel were analysed in the finished product and the content is found to be below the possible
detection limits.

It is evaluated that the addition of the trace metals, with the following downstream removal of metals in the
ion exchange process, does not pose a risk to food safety and human health.

In regard to the terminology “allergen-free (except for milk-derived allergens)” we confirm that lactose is the
only potential source of allergens due to possible presence of allergenic cow milk protein as trace impurities of
the lactose raw material. All other raw materials and processing aids are sourced from the suppliers including
major allergen declarations in accordance with the Food Allergen Labeling and Consumer Protection Act of
2004.

FDA.7. On page 11 of the notice, there is a statement that “All additives, processing-aids, and food contact
articles used during manufacturing are permitted by federal regulation, have been previously determined to
be GRAS for their respective uses, or have been the subject of an effective food contact notification.” A
summary table is provided indicating the processing steps, but removal of impurities is not detailed. If the
details of the manufacturing process are the same or similar to those in GRN 000659 (LNnT), please state
that. If the data and information from GRN 000659 is being incorporated into the notice, please provide a
statement saying so. Otherwise, please provide details on the removal of impurities.

Principally, the down-stream processing (DSP) operations of the LNT manufacturing process are largely similar
to the ones described in GRN 000659 (LNnT), with one major difference, that the LNT ingredient is not
subjected to a crystallization step at the end of the DSP purification procedure. Consequently, the remaining
purification steps of the LNT DSP have been individually optimized to reduce the number and amount of





impurities and product-related carbohydrates and to provide a high-purity material (without the need for a
crystallization step). The production changes also eliminate the use of organic solvents in the production of LNT
(when compared to LNnT) since the organic solvents were exclusively required for the crystallization step. The
schematic overview of the manufacturing process for LNT with a more detailed description on the removal of
impurities is presented in Table 1 below.

Table 1 Overview of the Manufacturing Process for the LNT Product
STAGE 1 Upstream Processing (USP) Description
STEPS Media Preparation

1

2 Propagation - Working cell bank (WCB)
3 Seed Fermentation
4

Fermentation Phases: Production of LNT
4A Growth (Batch) Phase
4B Feeding (Fed-Batch) Phase
5 Removal of Microorganism* - Removal of cells and large biomolecules (e.g., protein, nucleic
Ultrafiltration/diafiltration (UF/DF) acids and lipopolysaccharides)
STAGE 2 Downstream Processing (DSP)
STEPS 6 Purification/Concentration 1* - Nanofiltration or Reduction water, minerals and very small biomolecules
nanofiltration/diafiltration (NF1/DF) membranes
lon Removal - lon exchange resin (IEX) Removal of charged molecules and salts (e.g., trace metals)
Decolorization* - Active charcoal (AC) Removal of colored and predominantly lipophilic impurities

by active charcoal adsorbent

9 Purification/Concentration 2* - Nanofiltration or Reduction water, minerals and very small biomolecules
nanofiltration/diafiltration (NF2/DF) membranes

10 Drying - Spray/freeze drying Removal of water

11  Sampling and Packaging

12 Quality Control and Batch Release Specifications are tested, and CoA issued
LNT = lacto-N-tetraose.

* Removal of potential microbiological contamination. After the marked steps additional sterile filtration (microfiltration) is performed to
maintain low microbial load during all times of downstream processing and to ensure high microbial quality of the final ingredient. These
steps are further reassurance of absence of the production microorganism in final ingredient.

FDA.8. Please describe how any microbial endotoxins are efficiently removed by the production process.

Gram-negative bacterial endotoxins (also called pyrogens or lipopolysaccharides) are amphiphilic, structurally
complex, high molecular weight glycolipid macromolecules, which consist of a hydrophobic lipid core-structure
(lipid A) and a hydrophilic, charged and complex oligo- to polysaccharide structure component. The structure of
lipid A contains a number of fatty acid esters, rendering it lipophilic, but is typically also phosphorylated adding
further charges to the complex molecule. An illustrative example of a schematic overview on the complex
chemical structure of E. coli endotoxin has been reproduced from Magalh3es et al. (2007)? in Figure 1 below
(Magalh3es et al., 2007).

The fundamentally different physico-chemical properties of endotoxins — as compared to hydrophilic, small
molecular weight human-identical milk oligosaccharides like LNT — make purification and removal of

2 Magalhaes, P. O., Lopes, A. M., Mazzola, P. G., Rangel-Yagui, C., Penna, T. C. & Pessoa, A., Jr. 2007. Methods of endotoxin removal
from biological preparations: a review. J. Pharm. Pharm. Sci., 10, 388-404.





endotoxins comparatively straightforward. Endotoxins are effectively reduced during the ultrafiltration step
(due to their large molecular weight), the cation and anion removal steps (due to their electric charges) and the
active charcoal processing step (due to their lipophilic structure components).

To ensure the efficient removal of endotoxins Glycom has introduced a specification for endotoxin at
10 Endotoxin Unit per gram for all of its human-identical milk oligosaccharides. The risk assessment of these
specified maximum levels has been previously discussed as response to FDA questions on GRN 000650.

n=4-40 O-Antigen

Core oligo-
saccharide

!

Cell exterior

Cell interior

HO 0

Figure 1. Chemical structure of endotoxin from E. coli 0111:B4 according to Ohno and Morrison (1989)3.

(Hep) L-glycerol-D-manno-heptose; (Gal) galactose; (Glc) glucose; (KDO) 2-keto-3-deoxyoctonic acid; (NGa) N-acetyl-galactosamine;
(NGc) N-acetyl-glucosamine.

3 Ohno, N. & Morrison, D. C. 1989. Lipopolysaccharide interaction with lysozyme. Binding of lipopolysaccharide to lysozyme and
inhibition of lysozyme enzymatic activity. J. Biol. Chem., 264, 4434-41.





FDA.9. Please provide a specification limiting lead and three non-consecutive batch analyses to show LNT
can be manufactured to meet that specification.

Glycom has included a specification for lead of 0.1 mg/kg as monitored by the internationally recognized
methods EN 13805:2002 and EPA-6020A:2007. Table 2.3.1-1 of the GRAS Notice has been revised with the
lead specification. Glycom notes that the GRAS Notice already included batch data for lead (see

Table 2.3.3.4-1). Areplacement page (page 14) has been provided.

We also noticed another error in the specification table 2.3.1-1, which referred to an analytical method by the
wrong name: method HPLC-703-7C7-006 should read HPAEC-HMO-006. This error occurred in the lines of Assay
(water free) HiMS, D-lactose, lacto-N-triose I, para-LNH2 and sum of other carbohydrates. These errors have
been corrected in replacement pages 13 and 14. We apologize for the error.

FDA.10. Please list the “other carbohydrates” limited to NMT 5.0% by specification.

The “other carbohydrates” are comprised of lactulose, lactitol, glucose, galactose, fructose, ribose, the reduced
form of LNT (“Gal-GIcNAc-Gal-Sorbitol”), isomaltose, lacto-N-triose Il fructose isomer (“GIcNAc-Gal-fructose”),
GIcNAC-LNT and 3-Gal-LNT. The main contribution derives from the reduced carbohydrates (lactitol and
reduced form of LNT) and isomaltose.

FDA.11. Please comment on the ingredient that was used in the 5-year stability study on page 20 of the
notice. It does not meet the assay (water free) HiMS minimum of 90%. Does this reflect a change in the
processing method?

Upon investigating the request, we noticed two errors in Tables 2.4.1.1-1 (real-time stability data), A (batch
CPN4215 00115) and B (batch CPN4215 1000516 FD):

(1) the data presented as real-time stability data has mistakenly been exchanged with the data from
the accelerated stability studies. This has been a copy-paste error for which we apologize. The real-
time stability data did not include the time points at 1 and 2 months.

(2) a miscalculation of the parameter “Assay (water free) HiMS”, which erroneously did not correct for
the water content. To calculate this parameter in its “water free” form, it is required to add the
sum of human-identical milk saccharides (i.e. LNT, lactose and lacto-N-triose Il) and to correct the
assay value then for the water content. The correction for water was accidentally forgotten. As
comment we want to add that assay values are not corrected for the water content, unless
explicitly noted.

The first error was corrected by providing now replacement pages (20 and 21) that contain the correct data for
the real-time stability studies. The second error was also corrected in the updated tables of the replacement
pages.

The same miscalculation of the “Assay (water free) HIMS” parameter also occurred in Tables 2.4.1.2-1 A and B,
and is now corrected by providing two additional corrected replacement pages (22 and 23).





Since filing of the notice further time-points of the real-time stability studies have become available which we
added in Tables 1 A and B below.

Table 1 Results of the 5-Year Real-Time Stability Study on LNT product (25°C, 60 % Relative Humidity, RH)
for 2 representative batches A) No CPN4215 00115

A) Manufacturing Batch Number CPN4215 00115

Sample Time (Months)

Parameter
0 3 6 9 12 18 24 36
Physical Properties
Color White White White White lvory white  White Ivory Ivory
white white
Non- Agglutin Agglutin Agglutin Slightly S“ghtIY Agglutin Agglutin
. . agglutina
Appearance agglutinate  ated ated ated agglutinate ted ated ated
d powder powder powder powder d powder powder powder powder
Purity
Water content [%] 13.6 11.9 12.2 12.4 12.5 15.6 13.0 14.0
Assay — LNT [%] 78.3 79.8 79.6 77.9 77.3 78.2 76.3 78.8
Lactose [%] 1.74 1.89 1.86 191 1.94 1.26 1.2 1.9
Lactulose [%] n.r. <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Lacto-N-triose Il [%] 4.0 4.33 4.11 4.68 4.79 3.25 34 3.9
Para-LNH2 [%] 0.68 0.66 0.67 0.65 0.66 0.78 0.8 0.8
LNT fructose isomer [%] 0.38 0.35 0.31 0.39 0.36 0.33 0.4 0.3
Assay (water free) HiIMS [%] 97.3 97.6 97.5 96.4 96.0 97.9 93.0 98.4
Microbiological Quality
Aerobic mesophilic total plate Not Not Not Not Not
count [CFU/g] <10 tested tested tested <10 tested tested <10
Enterobacteriaceae Absent in Not Not Not Absent in Not Not Absent
10g tested tested tested 10g tested tested in10g
Salmonella s Absent in Not Not Not Absent in Not Not Absent
pp- 25¢g tested tested tested 25¢g tested tested in25g
Cronobacter (Enterobacter) Absent in Not Not Not Absent in Not Not Absent
sakazakii 10g tested tested tested 10g tested tested in10g
Listeria monocvtogenes Absent in Not Not Not Absent in Not Not Absent
ytog 25g tested tested tested 25¢g tested tested in25g
. Not Not Not Not Not
Bacillus cereus [CFU/g] <10 tested  tested  tested <10 tested  tested < 0
Not Not Not Not Not
Yeasts [CFU/g] <10 tested tested tested <10 tested tested <10
Not Not Not Not Not
Moulds [CFU/g] <10 tested tested tested <10 tested tested <10

CFU = Colony Forming Unit, LNT = Lacto-N-tetraose, para-LNH2 = para-Lacto-N-hexaose-2, HiMS = Human-identical Milk Saccharides =
Sum of LNT, lactose and lacto-N-triose Il, n.r. = not reported, n.a. = not available.





B) Manufacturing Batch Number CPN4215 1000516 FD
Sample Time (Months)

Parameter
0 3 6 9 12 18 24

Physical Properties
Color White n.a. n.a. n.a. White White Not tested
Appearance ;ic:]\f/der n.a. n.a. n.a. ﬁii}:z:ated :g;\{::'nre\:;i::s Not tested
Purity
Water content [%] 2.4 2.2 1.8 2.2 2.3 3.0 Not tested
Assay — LNT [%] 74.9 76.3 76.9 73.4 75.6 75.0 Not tested
Lactose [%] 8.7 8.9 9.30 8.8 8.6 9.3 Not tested
Lactulose [%] 0.2 0.2 0.2 0.20 0.2 0.2 Not tested
Lacto-N-triose Il [%] 5.7 5.5 5.6 5.6 5.6 6.0 Not tested
Para-LNH2 [%] 21 2.0 2.3 2.2 2.0 2.1 Not tested
LNT fructose isomer [%] 1.0 0.9 0.9 1.0 0.9 1.0 Not tested
ﬁ,/sjay (water free) HIMS g, 5 92.7 93.5 89.7 91.9 93.1 NA
Microbiological Quality
'sg;zbigmis[%izn/:]mtal <10 Not tested Not tested Not tested <10 Not tested Not tested
Enterobacteriaceae /1-\85gent in Not tested Not tested Not tested ,g'-\bsent in 10 Not tested Not tested
Salmonella spp. ;\:sgent in Not tested Not tested Not tested ;—\bsent in 25 Not tested Not tested
;:l;l(::e(:‘gzztcirer) sakazakii ﬁgsgent in Not tested Not tested Not tested :bsent in 10 Not tested Not tested
Listeria monocytogenes /2'\: sgent in Not tested Not tested Not tested ;—\bsent in 25 Not tested Not tested
Bacillus cereus [CFU/g] <10 Not tested Not tested Not tested <10 Not tested Not tested
Yeasts [CFU/g] <10 Not tested Not tested Not tested <10 Not tested Not tested
Moulds [CFU/g] <10 Not tested Not tested Not tested <10 Not tested Not tested

CFU = Colony Forming Unit, LNT = Lacto-N-tetraose, para-LNH2 = para-Lacto-N-hexaose-2, HiMS = Human-identical Milk Saccharides
= Sum of LNT, lactose and lacto-N-triose Il, n.r. = not reported, n.a. = not available.

Furthermore, additional data has become available for the accelerated stability trial of batch CPN4215 1000516
FD which we have added to Table 2 B below.

Since these additional data points were not available at the time of the initial filing of the notice, we have not
included these data in the replacement pages that we provided for the other errors identified by FDA and us.
However, if FDA prefers we are happy to provide an updated GRAS notice incorporating all of the corrections
and these updates upon request.





Table 2 Representative Interim Results of the 2-Year Accelerated Stability Study on LNT
product (40°C, 75% Relative Humidity, RH) for representative batch B) CPN4215
1000516 FD.

B) Manufacturing Batch Number CPN4215 1000516 FD

Sample Time (Months)

Parameter
0 1 2 3 6 9 12 18
Physical Properties
Color White White White White White White White White
Agglutinat Powder
Fine Fine Fine Fine Fine Fine eglutina with
Appearance ed
powder powder powder powder powder powder agglome
powder
rates
Purity
Water content [%] 2.4 2.3 2.3 2.2 1.8 2.0 2.3 3.0
Assay - LNT [%] 74.9 75.0 75.7 77.7 76.9 74.4 75.9 74.9
Lactose [%] 8.7 8.6 9.1 9.2 9.0 8.2 8.8 9.2
Lactulose [%] 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Lacto-N-triose Il [%] 5.7 5.9 5.8 5.6 5.6 5.6 5.7 5.9
Para-LNH2 [%] n.a. 2.0 2.0 2.0 2.2 2.0 2.1 2.1
LNT fructose isomer [%] 1.0 1.0 0.8 1.0 0.9 1.0 0.9 1.1
Assay (water free) HIMS [%] 91.5 91.6 92.8 94.6 93.2 90.0 92.6 92.7
Microbiological Quality
Aerobic mesophilic total Not Not Not Not Not
plate count [CFU/g] <10 tested tested tested <10 tested <10 tested
Enterobacteriaceae Absent Not Not Not Absent Not Absent in Not
inl0g tested tested tested inl0g tested 10g tested
Salmonella s Absent Not Not Not Absent Not Absent in Not
pp- inl0g tested tested tested inl0g tested 10g tested
Cronobacter (Enterobacter) Absent Not Not Not Absent Not Absent in Not
sakazakii in10g tested tested tested in10g tested 10g tested
Listeria monocvtogenes Absent Not Not Not Absent Not Absent in Not
ytog inl0g tested tested tested inl0g tested 10g tested
. Not Not Not Not Not
Bacillus cereus [CFU/g] <10 tested tested tested <10 tested <10 tested
Not Not Not Not Not
Yeasts [CFU/g] <10 tested tested tested <10 tested <10 tested
Not Not Not Not Not
Moulds [CFU/g] <10 tested tested tested <10 tested <10 tested

CFU = Colony Forming Unit, LNT = Lacto-N-tetraose, para-LNH2 = para-Lacto-N-hexaose-2, HiMS = Human-identical Milk
Saccharides = Sum of LNT, lactose and lacto-N-triose Il, n.r. = not reported, n.a. = not available.
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FDA.12. The exposure estimates provided in the notice do not include infants ages 0-12 months. Please
provide an estimate of intake for LNT and total added HMO:s for infants that consume infant formula only (up
to 4-6 months of age) and older infants (approximately 6-12 months of age) that consume both infant
formula and infant foods. If an estimate from a previous GRN is used, please incorporate this data and
information into the notice with a brief description and provide the appropriate page numbers where this
information is found in the prior notice.

The intake estimates for LNT among infants (aged 0 to 6 months and 7 to 12 months) are provided below in
Tables 2 and 3 on an absolute and body weight basis, respectively. As noted in response to question #2 above,
LNT and other HiMOs are added to infant formula to produce a formula that is compositionally representative
of human breast milk, taking into account the natural variation of HMOs.

On an absolute basis, the mean and 90 percentile consumer-only intakes of LNT among infants aged 0 to 6
months were determined to be 1.21 and 2.20 g/person/day, respectively (Table 2). Among infants aged 7 to
12 months, the mean and 90" percentile consumer-only intakes of LNT were determined to be 1.75 and

3.28 g/person/day, respectively. Glycom notes that these exposures fall within the upper range of expected

intakes of LNT from infant consumers of human milk where concentrations of up to 3.8 g/L have been reported
(see Section 3.1.3 of GRN 000833).

Table 2 Summary of the Estimated Daily Intake of LNT? from Proposed Food-Uses in the U.S. by
Infants (2013-2014 NHANES Data)
Population Group Age Group Per Capita Intake (g/day) Consumer-Only Intake (g/day)
(Months) Mean 90t Percentile % n Mean 90th Percentile
Young Infants Oto6 0.97 2.04 80.1 165 1.21 2.20
Older Infants 7to 12 1.75 3.28 99.9 127 1.75 3.28

LNT = lacto-N-tetraose; n = sample size; NHANES = National Health and Nutrition Examination Survey; U.S. = United States.
3 Intake data expressed as wet weight of ingredient under the proposed conditions of intended use.

On a body weight basis, the mean and 90" percentile consumer-only intakes of LNT among infants aged 0 to
6 months were determined to be 176 and 301 mg/kg body weight/day, respectively (Table 3). Among infants
aged 7 to 12 months, the mean and 90" percentile consumer-only intakes of LNT were determined to be 197
and 352 mg/kg body weight/day, respectively.

Table 3 Summary of the Estimated Daily Per Kilogram Body Weight Intake of LNT? from Proposed
Food-Uses in the U.S. by Infants (2013-2014 NHANES Data)
Population Group Age Group Per Capita Intake (mg/kg bw/day) Consumer-Only Intake (mg/kg bw/day)
(Months) Mean 90th Percentile % n Mean 90th Percentile
Young Infants Oto6 141 286 80.1 165 176 301
Older Infants 7to 12 197 352 99.9 127 197 352

bw = body weight; LNT = lacto-N-tetraose; n = sample size; NHANES = National Health and Nutrition Examination Survey; U.S. =
United States.

3 Intake data expressed as wet weight of ingredient under the proposed conditions of intended use.

These missing data has not been provided via replacement pages to the notice since page breaks would be
inserted changing the paging of the remaining notice. Glycom would be happy to provide an entire updated
notice upon request but noted that this was not wished for in the questions by FDA.
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FDA.13. Please clarify if the exposure estimate provided for toddlers 1-3 years of age includes consumption
of toddler formula.

Exposure estimates provided on both an absolute and body weight basis for toddlers aged 1 to 3 years of age
includes the consumption of toddler formula.

FDA.14. Levels of most constituents in human milk change during the lactation period. However, Glycom
proposes a single use level (0.8 g/L) in infant formula for ages 12 months and younger. Glycom states on
page 27 of the notice that the levels of LNT decline in samples obtained from lactation stages >2 months. In
Table 3.1.2.2-1, the average levels of LNT for Days 1-4, Days 5-14, Days 10-60, and >2 months are listed as
0.8, 0.9, 1.1, and 0.5 g/L, respectively. Thus, infants >2 months presumably would have a higher exposure to
LNT in infant formula containing 0.8g/L than infants who are naturally exposed to LNT through breastmilk.
Given the implicit intention of making infant formula more like human milk, please provide a rationale why
0.8g/L of LNT is appropriate for infants >2 months old.

Glycom is proposing a single maximum level of 0.8 g/L for the addition of LNT to infant formulas below

12 months of age to allow for larger flexibility for the manufacturers of infant nutrition. The basis of safety is
established by (1) an exposure estimate on kilogram body weight basis and by (2) the large reported ranges
that are known to occur in human breastmilk for human milk oligosaccharides in general and LNT in particular.
Published data beyond 2 months of lactation has been comparably scarce for LNT until recently but Coppa et
al. (1999) reported LNT to occur at concentrations around 1.3 g/L in secretor milk samples from day 90 of
lactation (Coppa et al., 1999%). Data published more recently — which was not yet included in Glycom’s GRAS
Notice for LNT — report LNT levels in Canadian human milk samples from 3-4 months of lactation between 0.94
and 1.32 g/L (Azad et al., 2018°) and in Malaysian human milk samples from 1 year of lactation at 1.16 g/L

(Ma et al. 2018°).

Glycom is aware of the obligation of infant nutrition manufacturers to notify innovative infant formula recipes
containing human-identical milk oligosaccharides - including LNT - with appropriate data before launching on
the U.S. marketplace and trust that any given addition level is supported specifically.

FDA.15. It is unclear in the notice whether LNT will be used in conjunction with other HMOs. If the intended
use involves co-addition of other HMO-like substances, please indicate how the total load of indigestible
oligosaccharides will be kept below levels of concern (i.e. causing adverse gastrointestinal effects).

Glycom is a manufacturer of infant formula ingredients, not a manufacturer of infant formula; therefore,
Glycom is not in a position to comment on the appropriateness of using LNT with other HMO-like substances.
Glycom notes that all infant formulas marketed in the U.S. must meet federal nutrient requirements and infant

4 Coppa, G. V., Pierani, P., Zampini, L., Carloni, I., Carlucci, A. & Gabrielli, 0. 1999. Oligosaccharides in human milk during different
phases of lactation. Acta Paediatr. Suppl., 88, 89-94.

> Azad, M. B., Robertson, B., Atakora, F., Becker, A. B., Subbarao, P., Moraes, T. J.,, Mandhane, P. J., Turvey, S. E., Lefebvre, D. L., Sears,
M. R. & Bode, L. 2018. Human Milk Oligosaccharide Concentrations Are Associated with Multiple Fixed and Modifiable
Maternal Characteristics, Environmental Factors, and Feeding Practices. J. Nutr., 148, 1733-1742.

6 Ma, L., Mclarrow, P., Jan Mohamed, H. J. B., Liu, X., Welman, A. & Fong, B. Y. 2018. Lactational changes in the human milk
oligosaccharide concentration in Chinese and Malaysian mothers' milk. Int. Dairy J., 87, 1-10.
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formula manufacturers must notify the FDA prior to marketing a new formula. Under Section 412(d)(1) of the
Federal Food, Drug, and Cosmetic Act (FFDCA), a manufacture of a new infant formula must notify the U.S. FDA
at least 90 days before marketing their infant formula, and this must include, among other things, a description
of any reformulation of the formula or change in processing of the infant formula. Accordingly, the
manufacturer will need to provide the Agency with information supporting that a particular oligosaccharide
Combination (e.g., use of LNT with an indigestible oligosaccharide such as GOS) would be well tolerated as part
of the Agency’s 90-day notification procedure. It is therefore Glycom’s view that existing regulations governing
the pre-market clearance requirements for infant formula in the U.S. are sufficient to ensure that a particular
combination of indigestible oligosaccharides that may be used in a new infant formula product are safe and
suitable for their intended use.

FDA.16. According to Sprenger et al. (2017), who examined if there is a dependence of certain HMOs on
FUT2 status (using 2'-FL as a marker), the levels of LNT and LNnT are correlated with 2'-FL levels negatively
and positively, respectively. If the intended use involves LNT in the presence of 2'-FL (as in LNnT uses), please
state if the levels of LNT will be adjusted. If not, please discuss why there is no safety concern.

It is correct that Sprenger et al. (2017)” - and also Azad et al. (2018)%, Kunz et al. (2017)°, McGuire et al.
(2017)%°, Hong et al. (2014), and Thurl et al. (2010)* - report higher LNT levels in the milk of non-secretor
mothers (who do not express 2’-FL into their milk) than in the milk of secretor mothers (whose milk contains
2’-FL). On average - on basis of these published data - the levels of LNT in non-secretor mothers was around
1.6 to 1.7 g/L, whereas around 1.0 g/L in the milk of secretor mothers. The proposed use levels at a maximum
of 0.8 g/L are thus already on the conservative end of the reported spectrum.

Glycom is not in the position at this stage to comment on the intended recipes of infant formula manufacturers
about relative concentrations of LNT and other human-identical milk oligosaccharides like 2’-FL.

Glycom is aware of the obligation of infant nutrition manufacturers to notify innovative infant formula recipes
containing human-identical milk oligosaccharides — including LNT — with appropriate data before launching on
the U.S. marketplace and trust that any given addition level is supported specifically.

7 Sprenger, N., Lee, L. Y., De Castro, C. A., Steenhout, P. & Thakkar, S. K. 2017. Longitudinal change of selected human milk
oligosaccharides and association to infants’ growth, an observatory, single center, longitudinal cohort study. Plos One, 12,
e0171814. DOI 10.1371/journal.pone.0171814.

8 Azad, M. B., Robertson, B., Atakora, F., Becker, A. B., Subbarao, P., Moraes, T. J.,, Mandhane, P. J., Turvey, S. E., Lefebvre, D. L., Sears,
M. R. & Bode, L. 2018. Human Milk Oligosaccharide Concentrations Are Associated with Multiple Fixed and Modifiable
Maternal Characteristics, Environmental Factors, and Feeding Practices. J. Nutr., 148, 1733-1742.

° 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. J.
Pediatr. Gastroenterol. Nutr., 64, 789-798.

10 McGuire, M. K., Meehan, C. L., McGuire, M. A., Williams, J. E., Foster, J., et al. 2017. What's normal? Oligosaccharide concentrations
and profiles in milk produced by healthy women vary geographically. Am. J. Clin. Nutr., 105, 1086-1100.

1 Hong, Q., Ruhaak, L. R., Totten, S. M., Smilowitz, J. T., German, J. B. & Lebrilla, C. B. 2014. Label-free absolute quantitation of
oligosaccharides using multiple reaction monitoring. Anal. Chem., 86, 2640-7.

12 Thurl, S., Munzert, M., Henker, J., Boehm, G., Mueller-Werner, B., Jelinek, J. & Stahl, B. 2010. Variation of human milk
oligosaccharides in relation to milk groups and lactational periods. Br. J. Nutr., 104, 1261-1271.
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FDA.17. On page 33 of the notice, Glycom states:
“As mentioned previously, LNnT is a chemically and structurally similar isomer

of LNT. Therefore, the toxicological data obtained for LNnT preparations are considered relevant in
supporting the safety of LNT.”

However, several publications not listed in Part 7 indicate that the two isomers may have different
bioactivities (Bohari et al., 2016; Ozcan and Sela, 2018). In fact, Ozcan and Sela conclude:

“... differential metabolism of milk glycans potentially drives the emergent physiology of host-microbial
interactions to impact infant health.”

While it is unlikely, given the structural similarities, that LNT and LNnT would have significantly different
toxicological profiles, the potentially differential effects on infants’ gut microbiota by LNT and LNnT may
impact tolerability. Please discuss any differences between LNT and LNnT and why these differences do not
impact safety.

Glycom acknowledges subtle differences in the biological function of LNnT and LNT, which are at least in part a
result of differentiated metabolism by human gut microbiota, predominantly commensals like bifidobacteria,
and in part related to different receptor recognition (either by receptors on human gut cells, symbiotic bacteria
or pathogens) of the different terminal linkage being either a 3(1-4) or B(1-3)-galactose bond, which results in a
different three-dimensional structural space of the two isomeric molecules. Indeed, the differentiated
metabolism via different specific enzymes has been elucidated and reported for a couple of bifidobacteria
species and strains (e.g., Kitaoka, 20123; Yoshida et al. 2012%*). However, both human milk oligosaccharides
have clearly been reported to be both bifidogenic, independent of the distinct utilization mechanism (e.g.,
Asakuma et al. 2011%;).

The subtle structural differences could theoretically produce slightly different tolerability profiles when
considering the safety of ingesting supraphysiological levels of LNnT and LNT that are outside the ranges
reported for human milk. However, in Glycom’s opinion, the proposed use level of LNT is below any expected
tolerability limitation since it is clearly within the natural levels of LNT in human milk.

The statement made in the notice in respect to the relevance of the LNnT animal toxicology data for the safety
of LNT does not pertain to tolerability effects, but clearly to toxicological safety. The toxicological safety of
HiMO preparations are hardly a matter of the identity of the products, which are indeed structure-identical to
their corresponding counterparts in breastmilk, and are thus inherently safe under the condition that natural
exposure levels are not exceeded. Rather, it is the potential impurity profile caused by the nature of the
manufacturing process that is investigated by overdosing in animal toxicology studies. In that sense, Glycom
believes that the toxicology data on LNnT is indeed of relevance for the safety profile of LNT as well, since both
manufacturing processes are largely similar.

13 Kitaoka, M. 2012. Bifidobacterial Enzymes Involved in the Metabolism of Human Milk Oligosaccharides. Adv. Nutr., 3, 422S-429S.

14 Yoshida, E., Sakurama, H., Kiyohara, M., Nakajima, M., Kitaoka, M., Ashida, H., Hirose, J., Katayama, T., Yamamoto, K. & Kumagai, H.
2012. Bifidobacterium longum subsp. infantis uses two different B-galactosidases for selectively degrading type-1 and type-2
human milk oligosaccharides. Glycobiology, 22, 361-368.

15 Asakuma, S., Hatakeyama, E., Urashima, T., Yoshida, E., Katayama, T., Yamamoto, K., Kumagai, H., Ashida, H., Hirose, J. & Kitaoka, M.

2011. Physiology of the consumption of human milk oligosaccharides by infant-gut associated bifidobacteria. J. Biol. Chem.,
286, 34583-34592.
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FDA.18. On page 40 of the notice, Glycom muokes the following statement in'support of its argument that
EFSA’s choice of NOAEL for LNnT should be higher than 2500 mg/kg bw/day:

“... the apparent changes reported by the NDA Panel [EFSA] have not been reported in subsequent subchronic
toxicity evaluations of LNnT for LNT} conducted in neonatal rats at doses up to 5000 mg/kg body weight/day
{Penard, 2016; Phipps et al., 2018).”

Given that the Phipps et al, {2018) study on LNT was dosed up to 4000 mg/kg bw/day, please revise this
statement.

Glycom notes that in contrast to the study on LNnT in which the highest tested dose was 5,000 mg/kg body
weight/day, the dose of LNT used in the 90-day study in neonatal rats was limited to 4,000 mg/kg body
weight/day due to the solubility of the substance {higher concentrations were too viscous to be dosed to the
animals by oral gavage). The LNnT batch used in the 90-day study contained approximately 99% LNnT, whereas
the LNT batch used in the 90-day study contained only 77% LNT, the remainder composed of other
carbohydrates such as lactose, lacto-N-triose Il, and para-lacto-N-hexaose-2. Thus, doses in the LNT study were
adjusted for LNT content and the 4,000 mg/kg body weight/day LNT dose is equivalent to approximately 5,200
mg/kg body weight/day of total oligosaccharides. Nevertheless, the GRAS Notice has been revised with the
following statement to clearly differentiate the doses of LNnT and LNT:

“the apparent changes identified by the NDA Panel have not been reported in a subsequent 90-day toxicity
study of LNnT in neonatal rats provided gavage doses up to 5,000 mg/kg body weight/day, or in a subchronic
feeding study of LNT at levels providing 4,000 g/kg body weight per day (Penard, 2016; Phipps et al,, 2018).”

FDA.19. On page 5 of the GRAS Panel summary, the Phillips et al. (2018} reference is incorrect and refers to a
different paper. Please provide the correct reference and confirm that the GRAS Panel reviewed the correct
reference.

Glycom notes that the GRAS Panel reviewed the correct publication for LNT and the citation was incorrect.

We hope this information adequately addresses the Agency's questions on GRN 000833, and if there is any
additional information or further clarification that is required, Glycom will happy to provide such information
upon request.

Sincerely,
22 M O] 2019
Christoph H. Réhrig, Ph.D, U Date
Head of Regulatory Affairs
Glycom A/S
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