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Summary

The US Food and Drug Administration (FDA) has premarket review authority over food additives, but a food manu-
facturer may, according to the legislation, intentionally add a substance to human food or animal food without their
premarket review or approval if the substance is generally recognized, among qualified experts, to be safe under
the conditions of its intended use. Generally recognized as safe (GRAS) implies that the current scientific community
agrees on the adequacy of how data is generated. This system has come under public pressure because of doubts as
to its efficiency and the FDA's recent GRAS rule is part of the response. The FDA guidance for testing food additives,
known as the “Redbook”, is about two decades old. Work toward a new “Redbook” is on the way, but the US Grocery
Manufacturer Association (GMA) also has initiated the development of an independent standard on how to perform
GRAS determinations.

This review of the current guidance shows a very rigorous system for higher concern levels, but also many waiving
options. Opportunities and challenges for safety evaluations of food additives are discussed. Where scientific progress
has allowed improving existing and adapting new methods, these should be adopted to improve product safety and
animal welfare. The continuous adaptation of such improved methods is therefore needed. Especially, there are opportu-
nities to embrace developments within the toxicity testing for the 215 century movement and evidence-based toxicology

approaches. Also, the growing understanding of the limitations of traditional tests needs to be considered.
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1 Introduction

Food for thought... and vice versa this time. An earlier article in
this series (Hartung and Koéter, 2008), also on food safety, was
written mainly from a European perspective — unavoidably as
both authors were part of the European Commission: Herman
Koéter, as acting head of the European Food Safety Authority
(EFSA), and I, then shortlisted to become possibly Director for
Food Safety in what was the EC Directorate General Health and
Consumers (DG SANCO, now DG SANTE). A decade later,
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eight of these years spent in the US, this article addresses a
key pillar of the US system, the generally recognized as safe
(GRAS) provisions. This is how the safety of most food addi-
tives is assessed in the US and also one of the more contended
aspects of US food law. Importantly, in US law, food additives
include direct (intentionally added) and indirect (contaminants)
additives.

I prepended this article with the famous epigram of Bismarck,
a German aristocrat and statesman (the first Chancellor of Ger-
many, 1871-1890). It makes an interesting connection between
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law and food production. However, it should be noted that the
quote is probably misattributed and John Godfrey Saxe! (Uni-
versity Chronicle, University of Michigan, 1869) or an unnamed
member of the Illinois state legislature? should be credited. This
brings it back into the US context and shows that such concerns
engage both sides of the Atlantic and that these are not recent
concerns at all.

Michael Palin (Monty Python’s Flying Circus) said “All I ask
of food is that it doesn't harm me”. This is what it is all about.
Nobody wants to poison customers. However, an enormous
number of chemicals are added either directly or indirectly (as
contaminants such as pesticides or contact materials) to US
food. And many of these have no (public) data as to their safety;
Neltner et al. (2013a) report that “Less than 38% of FDA-regu-
lated additives have a published feeding study. For chemicals
directly added to food, 21.6% have feeding studies necessary
to estimate a safe level of exposure and 6.7% have reproduc-
tive or developmental toxicity data in FDA’s database”. So,
this is once again about data-gaps and uncertainty in the existing
information.

To market a new food or color additive, a manufacturer must
first petition the FDA for its approval. Approximately 100 new
petitions are submitted to the FDA annually, most of which are
for indirect additives such as packaging materials. GRAS deter-
mination, in contrast, requires only a (voluntary) notification.
Karmaus et al. (2016) found a total of 8,659 food-relevant chem-
icals including direct food additives, food contact substances,
and pesticides, which is slightly below previous estimates of the
food-use chemical universe; furthermore, only 3,888 were pos-
sible direct additives while 4,771 were food contact substances
or pesticides. This shows the enormous number of substances to
be handled, especially when addressing data-gaps from the past.

So, what is GRAS? As summarized by Neltner et al. (2013a):
“By law, food additives cannot be used in food without an af-
firmative determination that their use is safe (21 U.S.C. §321
and §348) by FDA or, in some cases, the additive manufacturer.
Safety is defined as ‘reasonable certainty in the minds of com-
petent scientists that the substance is not harmful under the
intended conditions of use’ (21 CFR §170.30(i)). Also, ‘no ad-
ditive shall be deemed to be safe if it is found to induce cancer
when ingested by man or animal’ (21 U.S.C. §348(c)(3)(A)).
Congress required affirmative determinations and set stringent
standards for safety, acknowledging that the health effects of
chemical additives are often hidden or take years to show up.
These standards aim to protect the public as well as to encour-
age innovation and build public confidence in the safety of the
food supply (Congress, 1958). In addition, a safety decision for
a GRAS substance based on scientific procedures must be sup-
ported by published studies (whether peer-reviewed or not) (21
CFR §170.30(b)) and there can be no genuine dispute regard-
ing the chemical s safety (Degnan, 2006). If an additive was in
common use before 1958, safety may be based on that experi-

1 https://en.wikiquote.org/wiki/Otto_von_Bismarck
2 https://en.wikiquote.org/wiki/Talk:Otto_von_Bismarck
3 https://www.gao.gov/products/GAO-10-246

&

ence rather than scientific procedures landmark ‘Toxicological
Principles for the Safety Assessment of Direct Food Additives
and Color Additives Used in Food’, also known as the ‘Red-
book’ (FDA, 1982), and the development of the Priority-based
Assessment of Food Additives (PAFA) system (Smith and Rulis,
1981) that included a database with toxicological information
on direct additives (those added directly to food).”

Burdock and Carabin (2004) explained: “Generally recog-
nized as safe (GRAS) is the self-determination of safety and reg-
ulatory compliance in an otherwise stringently regulated venue.
GRAS is therefore unique in technologically advanced societies
and is characteristic of American reliance on self-governance”.
More on this in the next section on the history of GRAS.

The GRAS process has come under recent criticism by the US
Government Accountability Office (GAO)3:

“The Food and Drug Administration (FDA), which is re-
sponsible for ensuring the safety of most of the U.S. food
supply, is not required to review substances, such as spices
and preservatives, added to food that are generally rec-
ognized as safe (GRAS) for their intended use. Currently,
companies may determine a substance is GRAS without
FDA’s approval or knowledge. However, a few substances
previously considered GRAS have later been banned, and
concerns have been raised about the safety of other GRAS
substances, including those containing engineered nanoma-
terials, materials manufactured at a tiny scale to take ad-
vantage of novel properties.

FDA’s oversight process does not help ensure the safety
of all new GRAS determinations. FDA only reviews those
GRAS determinations that companies submit to the agencys
voluntary notification program—the agency generally does
not have information about other GRAS determinations
companies have made because companies are not required
to inform FDA of them. Furthermore, FDA has not taken
certain steps that could help ensure the safety of GRAS de-
terminations, particularly those about which the agency
has not been notified. FDA has not issued guidance to com-
panies on how to document their GRAS determinations or
monitored companies to ensure that they have conducted
GRAS determinations appropriately. Lastly, FDA has yet
to issue a final regulation for its 1997 proposed rule that
sets forth the framework and criteria for the voluntary noti-
fication program, potentially detracting from the program’s
credibility. FDA is not systematically ensuring the contin-
ued safety of current GRAS substances. While, according
to FDA regulations, the GRAS status of a substance must
be reconsidered as new scientific information emerges, the
agency has not systematically reconsidered GRAS sub-
stances since the 1980s. FDA officials said they keep up
with new developments in the scientific literature and, on
a case-by-case basis, information brought to the agencys
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attention could prompt them to reconsider the safety of a
GRAS substance. However, FDA has largely not responded
to concerns about GRAS substances, such as salt and the
trans fats in partially hydrogenated vegetable oils, that indi-
viduals and consumer groups have raised through 11 citizen
petitions submitted to the agency between 2004 and 2008.
In fact, FDA has decided on the validity of these concerns
in only 1 of 11 cases. In addition, FDA does not know to
what extent, or even whether, companies track evolving
scientific information about their GRAS substances. FDA’s
approach to regulating nanotechnology allows engineered
nanomaterials to enter the food supply as GRAS substances
without FDA’s knowledge. While some uses of engineered
nanomaterials have the potential to help ensure food safety,
uncertainties remain about how to determine their safety in
food. After reviewing the uncertainties associated with the
safety of engineered nanomaterials, FDA has decided that
it does not need additional authority to regulate products
containing such materials. Rather, FDA encourages, but
does not require, companies considering using engineered
nanomaterials in food to consult with the agency regarding
whether such substances might be GRAS. Because GRAS
notification is voluntary and companies are not required to
identify nanomaterials in their GRAS substances, FDA has
no way of knowing the full extent to which engineered nano-
materials have entered the U.S. food supply as part of GRAS
substances. In contrast to FDA's approach, all food ingre-
dients that incorporate engineered nanomaterials must be
submitted to regulators in Canada and the European Union
before they can be marketed.”

In response, in 2016 the FDA issued a final rule to amend and
clarify the criteria in their regulations for when a substance is
GRAS under the conditions of its intended use in human food
or animal food, and to replace the voluntary administrative pro-
cedure for petitioning FDA to affirm the GRAS status of a use
of a substance in human food or animal food with a voluntary
administrative procedure for notifying FDA about a conclusion
that a substance is GRAS under the conditions of its intended
use in human food or animal food (FDA, 2016). This article ad-
dresses the toxicology for complying with the rule Substances
Generally Recognized as Safe issued by the FDA on 17 August
2016%* and corrected on 8 September 20167, This is the legal text
this article refers to if not noted specifically. In November 2017,
FDA released two documents relating to guidance for conclu-
sions for GRAS Regulatory Framework® and draft guidance for
conduct of GRAS Expert Panels’, which revise and expand the
2016 rule. For discussion see®.

2 Background of GRAS’

Under the 1958 Food Additives Amendment to the Federal
Food, Drug and Cosmetic Act (FFDCA) (Congress, 1958), any
substance intentionally added to food is a food additive and
subject to pre-market approval by FDA unless the use of the
substance is generally recognized as safe (GRAS), or otherwise
exempt from the definition of food additive, e.g., color additive.
In 1960, Congress passed similar legislation governing color
additives. The Color Additives Amendments to the FFDCA re-
quire dyes used in foods, as well as in drugs, cosmetics and cer-
tain medical devices, to be approved by the FDA prior to their
marketing. In contrast to food additives, color additives in use
before the legislation were allowed to be used continuously only
if they underwent further testing to confirm their safety. Of the
original 200 provisionally listed color additives, 90 are listed as
safe, and the remainder has either been removed from use by the
FDA or withdrawn by industry.

Rulis and Levitt (2009) summarize: “The so-called ‘GRAS
exemption’to the statutory definition for food additives in Sec-
tion 201(s) of the FD & C Act expresses Congress ' recognition
that many commonly used food ingredients, some with long
histories of safe use in food or whose safety based on scien-
tific procedures is widely recognized and accepted by qualified
experts, need not be subjected to further government scrutiny.
As we pointed out above, in the absence of such an exemption,
the wide reach of the ‘component part’ of the food additive
definition in the Act would needlessly require many common
and ostensibly safe food ingredients and their uses to become
the subject of new food additive petitions”. A GRAS substance
is thus neither safer, nor less safe than an approved food addi-
tive. Rather, the distinction between a GRAS substance and an
approved food additive is that, for a GRAS substance, there is
common knowledge of safety within the expert community.

By 1961, FDA had amended its regulations to include “the
GRAS list” — a list of substances that are GRAS under certain
conditions of use. During the 1960s, many manufacturers re-
quested FDA’s opinion on whether their conclusions of GRAS
status were justified and received “opinion letters”. In 1969,
FDA removed cyclamate salts from its GRAS list as a result
of safety questions, and President Nixon directed FDA to re-
examine the safety of the GRAS substances. In the 1970s, FDA
announced that it was conducting a “comprehensive review”
(Select Committee on GRAS Substances (SCOGS) review) of
presumed GRAS substances and established rulemaking proce-
dures to affirm the GRAS status of substances that were either on
the GRAS list or the subject of a petition (“GRAS affirmation”).
In 1997, FDA proposed replacing the then-existing voluntary

4 https://www.federalregister.gov/documents/2016/08/17/2016-19164/substances-generally-recognized-as-safe

5 https://www.federalregister.gov/documents/2016/09/08/C1-2016-19164/substances-generally-recognized-as-safe

6 https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatorylnformation/ucm583858.htm

7 https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatorylnformation/ucm583856.htm

8 http:/burdockgroup.com/fdas-hostile-takeover-gras-ground-rules/

9 see also: http://www.gmaonline.org/file-manager/GMA%20GRAS%20Backgrounder_1.pdf

ALTEX 35(1), 2018


https://www.federalregister.gov/documents/2016/08/17/2016-19164/substances-generally-recognized-as-safe
https://www.federalregister.gov/documents/2016/09/08/C1-2016-19164/substances-generally-recognized-as-safe
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/ucm583858.htm
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/ucm583856.htm
http://burdockgroup.com/fdas-hostile-takeover-gras-ground-rules/
http://www.gmaonline.org/file-manager/GMA%20GRAS%20Backgrounder_1.pdf

HARTUNG

but resource-intensive GRAS Affirmation Petition process the
agency put in place in the 1970’s, with a more streamlined vol-
untary GRAS notification process. The FDA made it clear that
both food additives and GRAS ingredients require the same
strength of evidence of safety. Rulis and Levitt (2009) point out:
“The GRAS exemption has been much misunderstood and mis-
interpreted over the years. ... Many people mistakenly associate
GRAS with a sort of ‘second’ tier of safety protection, based
on a less-than-rigorous standard compared to petitioned food
additives. This is not true. In fact, the safety standard applica-
ble to GRAS food ingredients is the same as for food additives,
namely ‘reasonable certainty of no harm’.... For food additives,
the FDA reviews and approves the use based on evidence sup-
plied by the petitioner in the form of a petition. For GRAS ingre-
dient uses, the extra added element is the general recognition
required that the available safety evidence is both widely known
(e.g., available in the published literature or in commonly ac-
cessible knowledge sources such as text books) and that there
is a consensus among qualified experts about that evidence in
support of the safe use of the material in food. In fact, the GRAS
criteria are in some ways more difficult to satisfy than the food
additive criteria because of the additional requirement of public
availability of the data and general recognition and acceptance
of a safety conclusion based on those data. ... The FDA also
accepts, as part of a GRAS notification, unpublished studies as
providing additional support for or corroboration of the pub-
lished scientific findings, but the critical data and information
forming the essential basis of a GRAS determination must be in
the public domain.”

Also, FDA (2016) clarifies that a “substance cannot be clas-
sified as GRAS under the conditions of its intended use if the
available data and information do not satisfy the safety stand-
ard for a food additive under the FD&C Act”, i.e., “General
recognition of safety requires common knowledge, throughout
the expert scientific community knowledgeable about the safety
of substances directly or indirectly added to food, that there is
a reasonable certainty that the substance is not harmful under
the conditions of its intended use”.

So, in theory, there should be public information equivalent
to an FDA petition in the public domain backing any GRAS
determination. But as nicely stated (and misattributed to Yogi
Berral®), “In theory, there is no difference between practice and
theory. In practice, there is”. 1 already referred to Neltner et al.
(2013a) above.

In the scientific literature, however, there are many positive
voices about the GRAS system (admitting that advocacy and
watchdog groups rarely write scientific articles):

Burdock and Carabin (2004): “The most resounding testimo-
ny to the viability of GRAS is the fact that few GRAS deter-
minations by experts have been overturned and the number
of GRAS substances found unsafe is vanishingly small when

10 https://www.snopes.com/quotes/berra/practicetheory.asp
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seen in the perspective of the large numbers of substances
approved.”

Rulis and Levitt (2009): “Today, the agency's procedures for
premarket evaluation of food additive safety have evolved
into a scientifically rigorous, sound and dependable system
whose objective and independent evaluations by FDA sci-
entists assure that new food additives are safe for their in-
tended uses before they arrive on the consumer’s plate.”
Roberts and Haighton (2016): “In spite of criticisms, the
FDA GRAS notice process is clearly defined, efficient, and
cost-effective, and there have been no known public health
issues following its implementation.”

This would suggest that a key problem is perception. The lack of
transparency of the process is certainly critical here. But there is
also a lack of clear guidance on how to do a GRAS assessment.
Rulis and Levitt (2009): “What the statute does not provide, how-
ever, is an easy-to-follow roadmap describing precisely how one
satisfies this standard for GRAS ingredients, other than to say
that they must either have a long history of safe use in food by a
sufficiently large population of eaters, or that, based on scientific
procedures there is a consensus among experts qualified by sci-
entific training and experience to judge such matters that the use
of the ingredient is safe”. This underlines the importance of either
clear guidance from the FDA, as currently emerging, or appropri-
ate standards by the industry, which are actually enforced.

3 Rebooting GRAS - FDA update of guidance
and GMA standard development

I have chosen the term “reboot” in the title of this article as
it describes the process of restarting (a computer) often after
some glitches or when installing an update but not as starting
some completely new (an overhaul). This is what I see happen-
ing at the moment. Two processes currently aim at providing
guidance on how to perform GRAS assessments: The FDA has
started to revise their Redbook of 2000 (updated 2007) and
issued rules and guidance over the last two years and the GMA
in August 2014 launched a five-part initiative to help modernize
the process of making GRAS assessments of food ingredients.
The FDA held a public meeting in December 2014 and collected
public comments with a deadline in 2015, but there is no public
information on further progress. The GMA launched a Code of
Practice in October 201411, corresponding to the modernizing
initiative, which includes five points!2:

1. GMA will take the lead in defining a standard that will pro-
vide clear guidance on how to conduct transparent state of
the art of ingredient assessments. These advanced procedures
will be documented in a Publicly Available Standard (PAS)
for GRAS determinations. The PAS will be a science-based

11 http://www.gmaonline.org/file-manager/GRAS%20Code %200f%20Practice_1_091015.pdf
12 http://www.gmaonline.org/file-manager/GMA%20GRAS%20Modernization%20Initiative_1.pdf
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framework that specifies a rigorous and transparent ingredi-
ent safety assessment process. The procedures included in the
PAS will also ensure GRAS assessments meet the regulatory
requirements of the Food, Drug and Cosmetic Act. The PAS
will be developed by an independent body of technical ex-
perts in an open public process that included interested stake-
holders. The PAS will be suitable for accreditation using an
independent official accreditation body.

2. GMA is establishing a program to ensure the FDA has in-
creased visibility to the ingredients that are assessed as
GRAS by members of the food industry. The increased vis-
ibility will be made possible through the establishment of a
GMA-sponsored database that will list information on all
GRAS assessments conducted by the food industry.

3. GMA will expand its curriculum of GRAS education and
training programs in order to further increase the capability
of scientists who assess the GRAS status of ingredients used
by the consumer packaged goods industry.

a. GMA’s broad-based educational programs provide GMA
members and other interested stakeholders a clear under-
standing of the scientific procedures that need to be followed
in order to complete a robust and transparent safety regula-
tions so new ingredients are fully compliant with U.S. food
additive law and regulations.

b. GMA has taken the lead in establishing the Center for Re-
search and Ingredient Safety (CRIS) at Michigan State Uni-
versity launched in the spring of 2014. CRIS will serve as
an independent academic center of expertise on the safety
of ingredients used in foods and consumer products. Their
expertise on ingredient safety and independent analysis will
be available to all interested stakeholders.

4. GMA members have committed to drive improvement in the
GRAS assessment process by adopting a Code of Practice
at the GMA Board of Directors Meeting held on August 22,
2014. The Code outlines the commitments GMA members
have made to conduct assessments according to the proce-
dures defined in the PAS, to maintain the database with up to
date information and to ensure that their employees are fully
trained on GRAS procedures.

5. GMA will execute a communications outreach program to in-
form stakeholders and consumers of the steps being taken by
industry to increase the integrity of procedures used to assess
ingredient safety.

NSF International, an American product testing, inspection and
certification organization based in Ann Arbor, Michigan, was
charged with developing this standard. Notably, the author is
part of this group, led the subgroup for evidence integration and
has drafted a toxicological part. This already indicates that [ am
very supportive of this initiative. Independent of progress on the
regulatory side, which is not clear under the current administra-
tion, this gives this important industry an opportunity to raise
safety standards to the level of the 215t century by creating a
new transparency to earn consumer trust.

The standard under development cannot substitute for or
modify the FDA rule, but will complement it by defining
how to interpret the rule in order to claim compliance with
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the standard. In the author’s personal view, it is imperative
that the standard must be committed to both sound and the
most humane science. It must embrace the developments of
evidence-based toxicology and the 3Rs, i.e., the principles of
reducing, refining and replacing animal use where reasonably
possible. The foundations of evidence-based methodologies
were laid in medicine over the last few decades. The primary
tool of evidence-based medicine (EBM) is the systematic re-
view, which includes a variety of steps: framing the question
to be addressed and deciding on how relevant studies will be
identified and retrieved, which studies will be excluded from
the analysis, how the included studies will be appraised for
quality/potential for bias, and how the data will be synthe-
sized across studies (e.g., meta-analysis). Such reviews are
also characterized by EBM’s hallmark tenets of transparency,
objectivity, and consistency.

The 3Rs in relation to science are guiding principles for more
ethical use of animals in testing (Russell and Burch, 1959).
Their implementation in any test guidance should be a matter
of course but, noteworthy, they are not mentioned in the 2000
FDA Redbook. As a guiding principle, they also provide lev-
erage to adapt testing requirements and have a broader scope
than simply encouraging alternatives to animal testing, but aim
to improve animal welfare and scientific quality where the use
of animals cannot be avoided. In the US, the 3Rs are embraced
legislatively in the Interagency Coordinating Committee on the
Validation of Alternative Methods (ICCVAM) and National
Toxicology Program’s Interagency Center for the Evaluation of
Alternative Toxicological Methods (NICEATM) (Schechtman,
2002; Casey et al., 2015) as well as by the Toxic Substances
Control Act (TSCA) reauthorization of 2016, the Frank R.
Lautenberg Chemical Safety for the 215t Century Act. Notably,
FDA is a crucial part of the ICCVAM process.

The standard under development should commit to the appli-
cation of the 3Rs principles, i.e., to use alternative approaches
where possible, going beyond the requirements of the FDA
GRAS ruling, but staying in line with general FDA policy
(Hamburg, 2011). However, for the standard test requirements
for food additives, very few such alternatives are already avail-
able. An inventory produced by Adler et al. (2011) — though for
the purpose of cosmetic regulation in Europe — and confirmed
in an independent assessment (Hartung et al., 2011) shows very
few sufficiently developed alternative methods applicable for
the systemic toxicity testing required under GRAS.

4 Safety evaluations under GRAS compliant
with the standard to be developed

No standard is needed simply to comply with existing legisla-

tion — it has to go beyond this for the safety and trust of consum-

ers. Specifically, the standard should detail:

— How to compile, generate and evaluate the toxicological in-
formation needed

— How to adapt this process to scientific progress

— Where it is recommended to go beyond the standard set by
the FDA ruling
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— How to document, share and communicate such results

— How to apply quality assurances such as Good Laboratory
Practice and evidence-based principles

— How and when to review an evaluation in the future

— How to make older GRAS assessments and the revised
GRAS ruling compliant with the standard

— How to bridge this to international requirements, for example
the process of the European Food Safety Authority (EFSA)

Systematic evaluation of safety is key to the GRAS process.

Burdock and Carabin (2004) remark: “Importantly, a substance

must be found safe; it is insufficient to show only that there is no

conclusive evidence that the use of a substance is unsafe” citing

(Hutt and Merrill, 1991). This means that the substance of inter-

est must be experimentally challenged to elicit possible adverse

effects using scientific procedures known to do so.

Rulis and Levitt (2009) summarized: “Unlike the approval
of new drugs, the law for food additives does not permit FDA
to consider ‘benefits’from the use of the additive in its decision
— rather; it is a safety per se standard. Furthermore, unlike
industrial chemicals and pesticides, food additives are gener-
ally members of a class of chemicals of relatively low toxic po-
tential, i.e., they have relatively little acute toxicity. Rather, the
adverse effects of interest to FDA safety reviewers are usually
more subtle and likely to be observed most clearly in animal
feeding studies only after a lifetime of exposure (24 months
typically). Ultimately, once approved, food additives must be
safe for everyone — children and the very young, teenagers
and adults; the elderly; pregnant and lactating women. It is
assumed that every population subgroup may potentially be
exposed to the additive in their diet, and possibly for their en-
tire lifetime. If the use of an additive that is safe for most con-
sumers could present special risks for certain subpopulations,
such as those who might be allergic to a particular ingredient
or who may have an inborn metabolic deficiency such as phe-
nylketonuria, for example, then FDA can require special la-
beling so those consumers are properly informed. In addition,
unlike the case of drugs, FDA promulgates ‘generic’ regula-
tions for food additives, not a ‘product-specific’ approach as
with drugs. Except for the case where a use of an additive is
protected by a patent, any company that is in compliance with
the conditions of use of the additive specified in the permitting
regulation in the Code of Federal Regulations (CFR) may use
the additive in food in the way prescribed and within the pur-
view of that regulation.”

“Common knowledge” can be based on either “scientific pro-
cedures” or on experience based on common use of a substance
in food prior to January 1, 1958, which does not fall under the
standard to be developed. FDA (2016) requests: “General rec-
ognition of safety through scientific procedures must be based
upon the application of generally available and accepted scien-
tific data, information, or methods, which ordinarily are pub-
lished, as well as the application of scientific principles, and
may be corroborated by the application of unpublished scien-
tific data, information, or methods.”

&

In general, any GRAS toxicity evaluation has thus to be on
par with the FDA recommendations for the evaluation of food
additives as published as Guidance for Industry!3. The guide-
lines developed for the toxicity tests are valid both for direct
and indirect additives. These requirements change with concern
level, which is based on chemical structure and exposure (no-
tably, the tiered system applied for direct additives is separate
from the tiered system used for indirect additives):

High
1000 ppb
500 ppb —
250 ppb —]
Cumulative &L Concern
Human CL1I Level
Exposure* CL1I
50 ppb
25 ppb —
] CLI
12 ppb CLI CLI Low
Low Intermediate High
Toxicological Toxicological Toxicological
Potential Potential Potential
(Structure  (Structure  (Structure

Category A) Category B) Category C)

Fig. 1 Concern levels (CL) as Related to Human Exposure and
Chemical Structure

Modified from the FDA website 13.

*Cumulative human exposure is expressed as parts per billion (ppb,
equivalent to microgram per kg diet) of daily dietary consumption.
Conversion of ppb to microgram per kg-body weight per day, divide
by 20, assuming 3 kg daily diet.

For any GRAS consideration, establishing the concern level
is thus fundamental. Given the fact that no risk-benefit argu-
ment can be applied, but a no-risk approach is required, the
studies cited serve the exclusion of a risk. Most substances will
therefore fall a priori into concern level I, where testing costs
amount to about $80,000. Concern level II will easily surpass
$1 million and concern level III can reach multi-million $, es-
pecially if human studies are required. Notably, the addition to
most testing needs “if indicated by available data or informa-
tion” leaves room for a lot of waiving of testing. The concern
level is, furthermore, driven by the expected exposure level
(Barraj et al., 2016). It is advisable, where there are concerns
identified either from structural read-across or biological pro-
filing to directly address this concern and not plod on through
the “laundry list” of tests. In such a tiered approach, evident

13 https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/ucm054658.htm
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unsuitability of a substance in a given test should lead to a stop
of further testing.

FDA advises to estimate “potential toxicity based on struc-
tural similarity to known toxicants in the absence of toxicolog-
ical information of an additive”. This process using structural
similarity to known toxicants is often referred to as read-across.
Lately, initiatives to establish a Good Read-Across Practice
(GRAP) have resulted in initial guidance (Ball et al., 2016);
GRAP should be used in order to comply with the standard to
be developed and any deviation should be justified.

Increasingly, within the context of the Tox21 alliance be-
tween EPA, FDA and NIH, also biological characterization of
substances is used for priority setting. This might in the future
help determine concern levels and could also be combined with
read-across considerations (Zhu et al., 2016). However, up to
now, neither a publicly available process for subjecting a sub-
stance of interest to such standardized testing nor a process of
deriving concern levels has been established.

The guidance to industry includes a Summary Table of Rec-
ommended Toxicological Testing for Additives Used in Food. It
is included in Table 1. FDA refers to current guidelines on these
toxicological studies in the relevant final chapters in Redbook

2000, or chapters published in the draft 1993 Redbook II. With
respect to this article, these thus have to be considered as point
of reference. However, as stated by Kruger (2016): “it is criti-
cal to remember that Redbook does not provide this guidance
as a checklist. The reason for the flexibility in approach is that
science evolves. Thinking evolves. Risk assessments should in-
corporate and embrace these new advances”. Progress over the
last two decades to improve these scientific procedures should
be used to attain the same or higher level of safety, but will re-
quire case-by-case justification and, where available, validation.
As international acceptance including the US, as the consensus
process of OECD requires, can be seen as the strongest evidence
that a scientific procedure and its results are “generally recog-
nized as safe”, preference is given by the author to OECD test
guidelines and their continuous updates, which safeguards also
that scientific progress is implemented. Future revisions of these
guidelines should be considered for incorporation under this
standard, if no obvious reasons hinder this. This includes the
continuous development of novel test guidelines for new and
alternative approaches. These novel methods, sometimes now
referred to as new approach methods (NAM), will be discussed
in more detail below.

Tab. 1: Information requirements according to the FDA website triggered by concern levels, currently available options for
adaptation, and some pertinent opportunities for future improvements

Endpoint Required from

Concern Level Redbook

Current Requirement

Adaptation to Technical
Progress

Future Opportunities

Genetic toxicity tests Low (1)

2-3 tests? if daily intake
in the diet >50 ppb

Refinement and
reduction of animal

Micronucleus test

Comet assay

(150 pg per person per
day):

Gene mutations in
bacteria and in vitro test
for chromosomal
damage in mammalian
cells

or

in vitro mouse lymphoma
thymidine kinase*"

and an in vivo test for
chromosomal damage
using hematopoietic cells

Reduction of false-
positives (maximum
concentrations, p53
competent cells, etc.)

Transgenic rodents
TG488 with fewer false
positives and possibly
combined with repeated-
dose testing

numbers for in vivo
tests

In silico approaches

Mutagenicity in skin
models

Short-term toxicity
tests with rodents

Low (l) if indicated
by available data or
information

14 or 28 days (one
month)® including
neurotoxicity and
immunotoxicity screens

Updated TG 407

Combination with in vivo
mutagenicity

Combination with
developmental toxicity
screening assays

(TG 422)

Human-on-chip
approaches

Integrated testing
strategies

Systems toxicology

Subchronic toxicity
studies with rodents

Intermediate (Il) if
indicated by available
data or information

90 days (3 months) up
to 12 months including
neurotoxicity and
immunotoxicity screens

Updated TG 408

Possible prediction
from 28-day study

Assessment factors

2 https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatorylnformation/IngredientsAdditivesGRASPackaging/ucm078321.htm
b https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatorylnformation/IngredientsAdditivesGRASPackaging/ucm078339.htm
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Endpoint Required from Current Requirement Adaptation to Technical | Future Opportunities
Concern Level Redbook Progress
Subchronic Intermediate (Il) if Usually dogs, generally Updated TG 409

toxicity studies with
non-rodents

indicated by available
data or information

conducted for 90 days
(3 months) including
neurotoxicity and
immunotoxicity screens

One-year
toxicity studies with
non-rodents

High (Ill) if indicated
by available data or
information

Usually dogs for a
minimum of 12 months
(one year) including
neurotoxicity and
immunotoxicity screens

Possibly abandon based
on pesticide experience

Chronic toxicity or
combined chronic

High (Ill) if indicated
by available data or

Rodents, conducted for
a minimum of 12 months

Updated TG 452
Combined with

toxicity/carcinogenicity | information (one year) including . o
studies with rodents neurotoxicity and carcinogenicity TG 453
immunotoxicity screens
Carcinogenicity studies | High (Ill) Carcinogenicity Updated TG 451 Integrated testing

with rodents

bioassays in two rodent
species (usually rats and
mice)

TG 453 combined with
chronic toxicity

Consider cell
transformation assays
(OECD guidance
available)

Consider abandoning
completely based on
poor performance

Abandon mouse
bioassay

strategy

Reproduction studies

Intermediate (Il) if
indicated by available
data or information

Studies of substances
given orally to rodents
including neurotoxicity
and immunotoxicity
screens

Define suitable OECD TG

TG 443 (Extended One-
Generation Reproductive
Toxicity Study) instead of
TG 416 (Two-Generation
Reproduction Toxicity
Study)

Consider abandoning
completely based on
poor performance

Zebrafish reproductive
toxicity assay

Integrated testing
strategy

Developmental toxicity
studies

Intermediate (Il) if
indicated by available
data or information

Stand-alone study,

or may be part of

a multigeneration
reproduction study, orally
given to rat, mouse,
hamster, or rabbit
including neurotoxicity
and immunotoxicity
screens

TG 421 or TG 422

In vitro embryotoxicity
studies especially
where second species
is considered

Metabolism and
pharmacokinetic
studies

Intermediate (Il) if
indicated by available
data or information

Determination of
metabolic pathways and
the rates of metabolism
in different test species —
see draft Redbook 1993

Integrated testing
strategy of diverse
assays available

Gut-on-chip

Human studies

High (Ill) if indicated
by available data or
information

Not defined — see draft
Redbook 1993
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The FDA website further states “Minimum toxicological
testing recommended to support the safety of a novel additive
might include studies generally recommended for a Concern
Level Il additive, irrespective of its chemical structure and
exposure. Additionally, toxicological testing may be needed for
metabolites or degradation products, as well as for possible
impurities, of an additive to establish safety of these compo-
nents”. This means that for any GRAS evaluation, metabolites,
degradation products and impurities need to be considered. In
many cases, in vivo testing of such compounds is not practical-
ly feasible with respect to their number, the quantity available
(extended animal testing requires several kg of the substance)
and associated costs.

For compliance with a standard to be developed, the con-
cern level for metabolites, degradation products and impuri-
ties needs to be established, favorably by validated (Q)SAR
and read-across (Luechtefeld and Hartung, 2017). The use of
a combination of chemical analytical and in vitro bioassays
especially for contaminants has been proposed (Severin et al.,
2017). Additional testing and risk assessment needs have to
be established case-by-case considering expected doses (also
considering the evaluation of metabolism and pharmacokinetic
studies of the mother compound), nature and extent of the haz-
ard of concern, and whether the effect is more severe than that
of the mother compound.

4.1 Limiting testing needs

All available information on a given substance needs to be con-
sidered before and when carrying out a GRAS evaluation. A
systematic review of the literature (Rooney et al., 2014; Ste-
phens et al., 2016; Hoffmann et al., 2017) represents the most
appropriate tool here.

Any substance that has already received an accepted GRAS
evaluation must not be registered again. However, no complete
list is available, only extensive examples from FDA!4. With
the new mandatory registration of GRAS evaluations, and the
database promised by GMA, a comprehensive list should be
provided. In compliance with the standard to come, a substance
that has undergone an FDA food additive or GRAS evaluation
should not be retested. Similarly, studies and risk assessments
available from other uses or internationally should be used to
the extent possible. Kruger (2016) remarks “/n the EU and Aus-
tralia, regulatory guidance provides a framework for risk as-
sessment applied to novel foods, nutritive substances and food
additives is similar to that used in the US for food additives
and GRAS ingredients”. A pertinent example is the assessment
framework developed by the EFSA Panel on Food Additives
and Nutrient Sources Added to Food (ANS) (2014), which
is largely in line with GRAS assessments and because of its
scientific rigor could be considered as generally recognized as
safe. The legitimate access to such data, however, needs to be
clarified. The use of such preexisting studies and assessments
comes, however, with the problem of varying study quality. A
formal evaluation of study quality is required (for an overview

see Samuel et al., 2016) to allow proper use. For example, the
Tox-R-Tool (Schneider et al., 2009) allows systematically as-
signing Klimisch scores of study quality for in vivo and in vitro
studies.

The US FDA introduced a threshold of regulation (TOR)
approach for indirect food additives (FDA, 1995). The TOR
represents a pragmatic way to address the safety of food pack-
aging materials that have the potential to migrate into food at a
level that is considered to be sufficiently low to be considered
toxicologically insignificant, even in the absence of chemical-
specific toxicity data. This was based on a statistical analysis
of the Carcinogenic Potency Database (CPDB) of Gold et al.
(1984, 1989) and the TOR of 0.5 ppb in the diet, correspond-
ing to 1.5 pg/person/day (FDA, 1995, 2001) or 0.025 pg/kg
body weight/day, was set (Rulis, 1986, 1989). This formed
the starting point for thresholds of toxicological concern
(TTC) applied to impurities in drugs and food, but increas-
ingly also other sectors. Since development of the TTC ap-
proach in 1995, the GRAS Expert Panel of Flavor and Extract
Manufacturers Association of the United States (FEMA) has
adopted the TTC principle according to the chemical classes
and thresholds (Hallagan and Hall, 2009). The GMP regulation
limits the amount of food and color additives used in foods:
manufacturers may use only the amount of an additive neces-
sary to achieve the desired effect. Noteworthy, EFSA with its
Scientific Panel published a Scientific opinion on exploring op-
tions for providing advice about possible human health risks
based on the concept of Threshold of Toxicological Concern
(TTC) (EFSA, 2012).

With endpoint-specific TTC and raised TTC values for
certain chemical classes, they become increasingly suitable
also to limit testing for low level substance uses (Hartung,
2017), such as direct food additives. The first to use the TTC
for flavoring agents was the Joint FAO/WHO Expert Com-
mittee on Food Additives (JECFA, 1993, 1995, 1999). The
TOR approach was later expanded into a tiered TTC decision
tree (Kroes et al., 2005; Munro et al., 2008). Both JECFA and
EFSA have been using TTC for evaluating risk assessment of
flavoring agents with very low levels of exposure through the
diet (JECFA, 1997; EFSA, 2012; Renwick, 2004). The TTC is
based on the concept that an exposure threshold value can be
established below which a very low probability of an appreci-
able risk to human health (or the ecosystem) exists (Hennes,
2012). TTC represent rather simple limits, which could help
prioritize resources for other cases. They definitively lend
themselves to metabolite, degradation product and impurity
evaluations.

Earlier in this series (Hartung, 2017), it was suggested that
read-across / (Q)SAR and biological characterization help set
concern levels for a substance and a given hazard. The com-
bination of exposure information formalized as TTC versus
intended use and comparing with no-effect levels of other
(similar) chemicals can then help to decide whether and how
extensive the testing and risk assessment need to be.

14 hitps://www.ecfr.gov/cgi-bin/text-idx? SID=e956d645a8b4e6b3e34e4e5d1b690209&mc=true&node=pt21.3.182&rgn=div5
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4.2 Quality assurance

The FDA requests that toxicological information is generated
under Good Laboratory Practice (GLP)!3. Currently, comple-
mentary guidance for in vitro tests is being developed: Good In
Vitro Method Practices (GIVIMP) for the Development and Im-
plementation of In Vitro Methods for Regulatory Use in Human
Safety Assessment!®. This corresponds closely with attempts
to develop a revised Good Cell Culture Practice (Pamies and
Hartung, 2017; Pamies et al., 2017; Eskes et al., 2017; Pamies
et al., 2018). Please consult these references for more details.
However, it needs to be stressed that rigorous quality control
of in vitro methods represents the door-opener to a world still
largely relying on animal tests.

4.3 Endpoint-specific considerations

In the following, the current requirements and perspectives to
modernize GRAS assessments are discussed. Table 1 shows the
information requirements according to the FDA website trig-
gered by concern levels (Fig. 1) and defined by the Redbook
of 2000 and, in part, its draft update of 1993. Currently avail-
able options for adaptation are given next (explained in the text)
and some pertinent opportunities for future improvements are
mentioned last. All together, these testing requirements are very
light for low concern levels and intense for high concern levels.
Notably, many information needs include the notion “if indi-
cated by available data or information”, which opens up op-
portunities for waiving.

4.3.1 Genetic toxicity tests

The FDA-recommended test battery for food ingredients whose
cumulative estimated daily intake exceeds 50 ppb in the diet
(150 pg per person per day) generally includes genetic toxic-
ity testing. The Agency prefers the mouse lymphoma tk*/- assay
because this assay measures heritable genetic damage arising
by several mechanisms in living cells and is capable of detect-
ing chemicals that induce either gene mutations or heritable
chromosomal events, including genetic events associated with
carcinogenesis. In performing the mouse lymphoma tk*- assay,
either the soft agar or the microwell method is acceptable.

The current FDA guidance for food additives reflects the state
of the art of the year 2000. Most regulatory agencies and inter-
national authorities today recommend a test scheme consisting
of in vitro and in vivo methods to identify genotoxic/mutagenic
substances. A tiered test scheme would likely start with comput-
er-based prediction using (quantitative) structure-activity rela-
tionships [(Q)SAR] or read-across and in vitro testing. The In-
ternational Conference on Harmonization (ICH) for drug safety
testing recommends a standard core battery for pharmaceuticals,
which was adopted by FDA (2012). This guidance, however, is
more demanding (either bacteria test + cytogenetic test + in vivo
one tissue or bacteria test + in vivo in two tissues), and considers

&

already measures to reduce false positives. The latter is of criti-
cal importance for possible reassessments of substances already
in use, as false-positives could trigger enormous concerns and
testing needs. The ICH approach could be considered a prudent
approach for testing of food additives, but notably has not been
endorsed by FDA for this purpose.

The current OECD test portfolio and the respective US val-
idation statuses are given in Table 2. The table illustrates the
enormous variety of genotoxicity tests in use.

Some key developments since the Redbook of 2000 include
the successful validation of the in vitro Micronucleus Test
(MNT) as an alternative to the standard in vitro Chromosome
Aberration Test (CAT) (Corvi et al., 2008). It is less expensive
and time-consuming, requires less investment in training, al-
lows a greater statistical power, and has the potential to enhance
the basic package of in vitro tests to detect aneugens. The vali-
dation study has supported the finalization of OECD TG 48717
and its regulatory acceptance.

Ongoing work by ECVAM and Cosmetics Europe aims to
establish and validate new methods for genotoxicity testing in
reconstructed human 3D skin models (micronucleus test and
comet assay) (Maurici et al., 2005; Aardema et al., 2010; Reus
et al., 2013), again with the key goal of reducing false posi-
tives. The Comet assay is now being validated in a joint effort
between Cosmetics Europe and BfR, Germany. The Japanese
Centre for the Validation of Alternative Methods (JaCVAM)
validated the Comet assay in vivo and the respective OECD TG
48918 has been approved.

The high false positive rate of the established in vitro geno-
toxicity tests leads to an increased number of follow up in vivo
tests needed for the confirmation or more often falsification
of these results. ECVAM organized a workshop in April 2006
aimed at discussing how to improve current in vitro tests and
at reviewing the development of new tests. The recommenda-
tions of this workshop (Kirkland et al., 2007) paved the way for
several international initiatives (e.g., Cosmetics Europe, ILSI/
HESI, ECVAM, NC3Rs, JaCVAM). Testing at high con-
centrations was identified as one possible source of false
positives. Similarly, the right choice of cell line is critical
(Fowler et al., 2012). To address this issue, an analysis of
published data for top concentration considerations in mam-
malian cell genotoxicity testing was carried out, which sug-
gested that the top concentration could be reduced without
any loss of sensitivity in detecting rodent carcinogens (Parry
et al.,, 2010). Some OECD TGs for genotoxicity have thus
recently been revised, taking also into account the knowl-
edge gained during the last decades of testing and the recent
activities related to false positives. The recommendations
made in the revised TGs will most probably enhance the
quality of the data that will be produced. ICH now recom-
mends a maximum top concentration of 1 mM or 0.5 mg/ml,

15 http://www.oecd.org/chemicalsafety/testing/oecdseriesonprinciplesofgoodiaboratorypracticeglpandcompliancemonitoring.htm
16 http://www.oecd.org/env/ehs/testing/OECD%20Draft%20GIVIMP_%2020161028.pdf
17 http://www.oecd-ilibrary.org/environment/test-no-487-in-vitro-mammalian-cell-micronucleus-test_9789264091016-en

18 http://www.oecd-ilibrary.org/environment/test-no-489-in-vivo-mammalian-alkaline-comet-assay_9789264264885-en
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Tab. 2: Current OECD test portfolio and the respective US validation statuses

OECD Test Guideline Test ICCVAM validation status?
TG 471 Bacterial Reverse Mutation Test (Ames Test)
TG 472 Genetic Toxicology: Escherichia coli, reverse assay
TG 473 In Vitro Mammalian Chromosome Aberration Test Accepted
TG 474 Mammalian Erythrocyte Micronucleus Test
TG 475 Mammalian Bone Marrow Chromosome Aberration Test
TG 476 In Vitro Mammalian Cell Gene Mutation Test
TG 477 Genetic Toxicology: Sex-linked Recessive Lethal Test in
Drosophila melanogaster
TG 478 Genetic Toxicology: Rodent Dominant Lethal Test
TG 479 Genetic Toxicology: In Vitro Sister Chromatid Exchange Assay
in Mammalian Cells
TG 480 Genetic Toxicology: Saccharomyces cerevisiae, Gene Mutation Assay
TG 481 Genetic Toxicology: Saccharomyces cerevisiae,
Mitotic Recombination Assay
TG 482 Genetic Toxicology: DNA Damage and Repair, Unscheduled
DNA Synthesis in Mammalian Cells In Vitro
TG 483 Mammalian Spermatogonial Chromosome Aberration Test
TG 484 Genetic Toxicology: Mouse Spot Test
TG 485 Genetic Toxicology: Mouse Heritable Translocation Assay
TG 486 Unscheduled DNA Synthesis (UDS) Test with Mouse Liver Cells In Vitro
TG 487 In Vitro Mammalian Cell Micronucleus Test Accepted (replacement of animal use)
TG 488 Transgenic Rodent Somatic and Germ Cell Gene Mutation Assays
TG 489 In Vivo Mammalian Alkaline Comet Assay Accepted (reduction of animal use)
TG 490 In Vitro Mammalian Cell Gene Mutation Tests Using the Thymidine Accepted
Kinase Assay

2 https://ntp.niehs.nih.gov/pubhealth/evalatm/iccvam/acceptance-of-alternative-methods/index.html

whichever is lower, when not limited by solubility in solvent

or culture medium or by cytotoxicity. With respect to cyto-
toxicity, ICH now recommends for in vitro cytogenetic assays
for metaphase chromosome aberrations or for micronuclei that
cytotoxicity should not exceed a reduction of about 50% in cell
growth, and for the mouse lymphoma assay there should be
80-90% cytotoxicity at the top dose as measured by a relative
total growth between 10 to 20%.

The Ames test (OECD TG 471'9), conducted in bacteria, is
the most commonly used genotoxicity test within the in vitro
battery as it is considered able to reveal DNA reactivity and
DNA reactive compounds. Despite the many activities inves-
tigating false positive results in in vitro mammalian cell tests,
positive results in the Ames test have not been analyzed in the
same way. In this context, EURL ECVAM held a workshop in
January 2013 and initiated a project with the aim of evaluating

the predictivity of the Ames test for in vivo genotoxicity and
carcinogenicity when considered alone or in association with
a mammalian cell assay for the detection of chromosome dam-
age and/or gene mutations, and better characterizing the cases
where the Ames test seems to lead to irrelevant (false positive)
results (e.g., chemical classes, type of bacterial strains, magni-
tude of effects). A possible impact on the recommendations of a
standard has to be awaited.

Since substantial in vivo testing is still required by authorities
for confirmation of the genotoxic prediction in vitro, it became
clear that it is crucial to address issues related to the reduction
and refinement of in vivo genotoxicity tests. The collection of
relevant data might be considered as a basis for possible amend-
ments of guidelines to reduce animal consumption. Recom-
mendations on opportunities to reduce the number of animals in
genotoxicity tests are published by Pfuhler et al. (2009).

19 hitp://www.oecd-ilibrary.org/environment/test-no-471-bacterial-reverse-mutation-test_9789264071247-en
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The use of transgenic rodents (TGR) might bear advantages
for in vivo mutagenicity testing and OECD has adopted TG
48820: Transgenic Rodent Somatic and Germ Cell Gene Muta-
tion Assays in 2013. TGR gene mutation assays measure mu-
tations induced in genetically neutral genes recovered from
virtually any tissue of the rodent. These assays, therefore,
circumvent many of the existing limitations associated with
the study of in vivo gene mutation in endogenous genes (e.g.,
limited tissues suitable for analysis, negative/positive selec-
tion against mutations). The TG anticipated that in the future it
may be possible to combine a TGR gene mutation assay with a
repeat dose toxicity study (TG 407), see below.

Approaches to improve the GRAS process by addition or
replacement of standard procedures used for genotoxicity and
carcinogenicity testing with alternative assays have been made
(Williams et al., 2016), but not yet evaluated by FDA.

4.3.2 Shori-term toxicity tests with rodents

For food additives, FDA (2012) expects short-term toxicity
studies with rodents, which are generally conducted over
14 or 18 days. Results of these studies (1) can help predict
appropriate doses of the test substance for future subchron-
ic or chronic toxicity studies, (2) can be used to determine
NOELs for some toxicology endpoints, and (3) allow future
studies in rodents to be designed with special emphasis on
identified target organs.

An updated OECD TG 4072! is available since 2008, which
should represent the default requirement under a standard to
come. A combination with the in vivo mutagenicity TGR tests
should be considered (Akagi et al., 2015). The more recent
micronucleus and Comet assays also might be combined as
they can be carried out ex vivo on blood lymphocytes, but no
such validations or guideline inclusions are available.

A combination with developmental toxicity screening assays,
i.e., TG 42222: Combined Repeated Dose Toxicity Study with
the Reproduction/Developmental Toxicity Screening Test, is
also possible.

No alternative methods for this test have been validated by
ICCVAM/NICEATM and/or accepted by US agencies.

Human-on-chip approaches (Andersen et al., 2014; Marx
et al., 2016) and integrated testing strategies / integrated ap-
proaches to testing and assessment (ITS/IATA) (Hartung et al.,
2013; Rovida et al., 2015), possibly designed led by adverse
outcome pathways (AOP) (Tollefsen et al., 2014), represent
the most promising approaches but are in their infancy. Long-
term visions include systems toxicology approaches (Hartung
et al., 2017). See also the roadmap for this endpoint developed
by Basketter et al. (2012).

&

4.3.3 Subchronic toxicity studies with rodents

Subchronic toxicity studies with rodents are generally conduct-
ed for 90 days (3 months), but they may be conducted for up
to 12 months. Results of these studies (1) can help predict ap-
propriate doses of the test substance for future chronic toxicity
studies, (2) can be used to determine NOELs for some toxicol-
ogy endpoints, and (3) allow future long-term toxicity studies in
rodents and non-rodents to be designed with special emphasis
on identified target organs. Subchronic toxicity studies usually
cannot determine the carcinogenic potential of a test substance.

Taylor et al.’s (2014) research suggests a redundancy between
28-day and 90-day repeated dose toxicity tests, proposing that
the latter can be predicted given the former. They propose that
non-toxicity (NOAEL > 1000 mg/kg b.w.) in the 28-day test is a
strong predictor for non-toxicity in the 90-day study. Luechtefeld
et al. (2016) confirmed in a much larger dataset that the 28-day
NOAEL is predictive (albeit imperfectly) of 90-day NOAELSs,
however, the constraints suggested by Taylor et al. did not affect
predictivity. The interrelationship of 28-day and 90-day NOAEL
is also used very pragmatically within the European REACH
legislation in line with ECHA’s test guidance to estimate from
a 28-day study a 90-day derived no-effect level (DNEL) using
an assessment factor of 3 (ECETOC, 2010). Luechtefeld et al.
(2016) used the dataset also to test this assumption. 133 sub-
stances had both 90-day and 28-day key studies. Only 11 chemi-
cals had NOAEL below one third of the 28-day NOAEL, while
122 (91.7%) were within this limit. Given the reproducibility
issues of repeated dose studies (Wang and Gray, 2015), this is
strong confirmation of this pragmatic approach. The approach
has not been evaluated for food additives though.

There has been no update of OECD TG 40823: Repeated Dose
90-Day Oral Toxicity Study in Rodents, which therefore should
be the default.

No alternative methods for this test have been validated by
ICCVAM/NICEATM and/or accepted by US agencies.

4.3.4 Subchronic toxicity studies with non-rodents
Subchronic toxicity studies with non-rodents (usually dogs) are
generally conducted for 90 days (3 months), but they may be con-
ducted for up to 12 months. Results of these studies (1) can help
predict appropriate doses of the test substance for future chronic
toxicity studies, (2) can be used to determine NOELs for some
toxicology endpoints, and (3) allow future long-term toxicity stud-
ies in rodents and non-rodents to be designed with special empha-
sis on identified target organs. Subchronic toxicity studies usually
cannot determine the carcinogenic potential of a test substance.

There has been no update of OECD TG 40924 from 1998: Re-
peated Dose 90-Day Oral Toxicity Study in Non-Rodents, which
therefore should be the default.

20 http://www.oecd-ilibrary.org/environment/test-no-488-transgenic-rodent-somatic-and-germ-cell-gene-mutation-assays_9789264122819-en

21 http://www.oecd-ilibrary.org/environment/test-no-407-repeated-dose-28-day-oral-toxicity-study-in-rodents_9789264070684-en

22 http://www.oecd-ilibrary.org/environment/test-no-422-combined-repeated-dose-toxicity-study-with-the-reproduction-developmental-toxicity-screening-

test_9789264070981-en

23 hitp://www.oecd-ilibrary.org/environment/test-no-408-repeated-dose-90-day-oral-toxicity-study-in-rodents_9789264070707-en

24 hitp://www.oecd-ilibrary.org/environment/test-no-409-repeated-dose-90-day-oral-toxicity-study-in-non-rodents_9789264070721-en
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No alternative methods for this test have been validated by
ICCVAM/NICEATM and/or accepted by US agencies.

4.3.5 One-year toxicity studies with non-rodents

Long-term, one-year toxicity tests with non-rodents (usually
dogs) should be conducted for a minimum of 12 months (one
year). Results of these tests can be used to (1) characterize the
toxicity of the test substance in non-rodents and (2) determine
the dose of the test substance that produces no observed adverse
effects (NOEL or NOAEL) for some toxicological endpoints.
One-year toxicity tests are not conducted for the purpose of as-
sessing carcinogenicity, although data from these tests may re-
veal information about the carcinogenicity of the test substance.

Extensive experience with these assays exists only for pesti-
cides. A number of analyses showed very convincingly that the
test does not add to the 90-day-study in dogs (Appleman and
Feron, 1986; Contrera et al., 1993; Gerbracht and Spielmann,
1998; Spielmann and Gerbracht, 2001; Box and Spielmann,
2005; Doe et al., 2006; Dellarco et al., 2010; Kobel et al., 2010,
2014; Linke et al., 2017). While this challenges the value of this
animal test also for food additives, there is no similar analysis.
Given this extensive analysis, however, it appears to be prudent
to carry out this study only in case of specific concerns.

There is no OECD test guideline for one-year toxicity tests
with non-rodents (usually dogs); thus, the default, if the study is
warranted, is the original Redbook guidance?>.

No alternative methods for this test have been validated by
ICCVAM/NICEATM and/or accepted by US agencies.

4.3.6 Chronic toxicity or combined chronic
toxicity/carcinogenicity studies with rodents

Chronic toxicity studies with rodents should be conducted for
a minimum of 12 months (one year). Results of these tests can
be used, 1) to characterize the toxicity of a food ingredient fol-
lowing prolonged and repeated exposure, and 2) to determine
toxicological dose-response relationships needed to establish
the maximum dose that produces no adverse effects (i.e., NOEL
or NOAEL).

An updated OECD TG 45226 Chronic Toxicity Studies was
published in 2009; this should represent the default require-
ment. Also, there is a revised TG 45327 Combined Chronic
Toxicity/Carcinogenicity Studies from 2009, which is preferred
with respect to the number of animals used.

No alternative methods for this test have been validated by
ICCVAM/NICEATM and/or accepted by US agencies.

4.3.7 Carcinogenicity studies with rodents

Carcinogenicity studies (bioassays) in two rodent species (usu-
ally rats and mice) are recommended for food ingredients with
the highest levels of concern (e.g., Concern Level III direct food
additives, food contact substances with cumulative exposure at

or greater than 1 ppm). The carcinogenicity studies (prefer-
ably in rats) may be combined with chronic toxicity studies.
The FDA recommends that in utero exposure be included in
carcinogenicity studies due to the fact that exposure to food
ingredients occurs during all stages of life. These studies are
designed to determine whether a food ingredient possesses car-
cinogenic activity when administered to rodents in regularly re-
peated oral doses for the “lifetime” of the test animal.

Both the Food Additives and Color Additives Amendments
include a provision that prohibits the approval of an additive if
it is found to cause cancer in humans or animals (the Delaney
Clause).

Noteworthy, the cancer bioassay is seen increasingly criti-
cally as to its performance characteristics, reproducibility and
relevance to humans (Alden et al., 2011; Basketter et al., 2012;
Paparella et al., 2017). The use of mice as second species has
been questioned for pesticides (van Ravenzwaay, 2010), but no
similar analysis is available for direct food additives. As there is
no process of counterbalancing especially false-positive results
and due to their immediate impact on the usability as food ad-
ditive, carcinogenicity studies are highly problematic. Recom-
mendations to abandon the test have been made (Basketter et
al., 2012) and, noteworthy, there are first activities to replace the
test by an ITS (Luijten et al., 2016).

The in vitro cell transformation assays (CTAs) have been
shown to closely model some key stages of the in vivo carcino-
genesis process and have been in use for more than four dec-
ades to screen for potential carcinogenicity as well as investi-
gate mechanisms of carcinogenicity. Moreover, they are faster
and more cost-efficient than the in vivo rodent carcinogenicity
assay, providing a useful approach for screening of chemicals
with respect to their carcinogenic potential.

CTAs are considered to provide additional useful infor-
mation to more routinely employed tests for assessing car-
cinogenic potential and are therefore listed in various re-
cent guidelines and testing strategies for such purposes
(SCCP, 201028; Jacobson-Kram and Jacobs, 2005; EC, 2008;
Pfuhler et al., 2010). Since regulatory agencies may receive
and review CTA data and these assays are used for internal
risk assessment of various chemicals, there was a need with-
in the scientific community for standardization of these test
methods and technical guidance on their conduct and use.
This need was already addressed in 1998 by a workshop or-
ganized by ECVAM on CTAs (Combes et al., 1999) and by
the OECD that produced a detailed review paper (DRP) on
the CTAs for the detection of chemical carcinogens (OECD,
2007). As with some other assays with a long history of use,
CTAs had not undergone formal validation in accordance
with current standards (OECD GD 34, 2005). Therefore,
ECVAM coordinated an international study that was designed
to address issues of CTA protocol standardization, transfer-

25 hitps://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatorylnformation/IngredientsAdditivesGRASPackaging/ucm078348.htm

26 http://www.oecd-ilibrary.org/environment/test-no-452-chronic-toxicity-studies_9789264071209-en

27 http://www.oecd-ilibrary.org/environment/test-no-453-combined-chronic-toxicity-carcinogenicity-studies_9789264071223-en

28 https://ec.europa.eu/health/scientific_committees/consumer_safety/docs/sccs_s_004.pdf
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ability and reproducibility (Vanparys et al., 2010). The study
assessed two protocol variants for the SHE CTA (at pH
6.7 and pH 7.0) and the BALB/c 3T3 assay. This study was
peer-reviewed by the EURL ECVAM Scientific Advisory
Committee (ESAC) that issued an ESAC opinion, leading
to the publication of an EURL ECVAM Recommendation
(ECVAM, 2012) on three CTAs for assessment of the carcino-
genic potential of chemical substances. An OECD Test Guid-
ance document on the CTA in SHE cells has been published
(OECD, 2015). Two Guidance Documents on cell transfor-
mation assays have been drafted at the OECD to allow the
scientific and regulatory communities to use the described
method as part of a weight-of-evidence approach in the test-
ing of substances for carcinogenic potential. These are the
“In vitro Syrian hamster embryo cell transformation assay”,
which has recently been adopted (OECD, 2015) and the “In
vitro Bhas 42 cell transformation assay” (the Bhas 42 cell line
was established by the transfection of the v-Ha-ras oncogene
into the BALB/c 3T3 A31- 1-1 cell line). The carcinogenic
potential of a substance cannot be derived from a stand-alone
CTA. The complete study results as well as the recommended
CTA protocols and photo catalogues developed during the
ECVAM study are published in a special issue of Mutation
Research on CTA (Corvi and Vanparys, 2012). The Japanese
Centre for the Validation of Alternative Methods coordinated
the validation of the Bhas 42 CTA, a system derived from
the BALB/c 3T3 CTA. The study addressed two protocols:
a 6-well method and the 96-well method and has been peer
reviewed by ESAC. Based on the validation report and the
ESAC Opinion, EURL ECVAM issued a Recommendation on
the Bhas 42 CTA.

Approaches to improve the GRAS process by addition or
replacement of standard procedures used for genotoxicity and
carcinogenicity testing with alternative assays have been made
(Williams et al., 2016) but not yet evaluated by FDA.

An updated OECD TG 4512°: Carcinogenicity Studies is
available since 2009, which should represent the default re-
quirement. Also dating from 2009, there is a revised TG 45330
Combined Chronic Toxicity/Carcinogenicity Studies.

No alternative methods for this test have been validated by
ICCVAM/NICEATM and/or accepted by US agencies.

Future opportunities, as laid out in the roadmap for replace-
ment (Basketter et al., 2012; Leist et al., 2014), include aban-
doning the test based on poor performance, and including ITS
around cell transformation assays.

&

4.3.8 Reproduction studies

The guideline for reproduction studies pertains to substances
given orally to rodents. It is designed to evaluate the effects of
a test substance on the reproductive systems of both males and
females, the postnatal maturation and reproductive capacity of
offspring, and possible cumulative effects through several gen-
erations. A study can provide information concerning the effects
of a substance on gonadal function, estrous cycles, mating be-
havior, conception, parturition, neonatal morbidity, mortality,
lactation, weaning, growth and development of the offspring,
and target organs in the offspring. The study may also serve as a
guide for subsequent tests. The endpoints evaluated and the in-
dices calculated must provide sufficient information and statisti-
cal power to permit the FDA to determine whether the chemical
is associated with changes in reproduction and fertility.

Current OECD guidelines addressing reproductive toxicity
effects in mammals include Prenatal Developmental Toxicity
Study (TG 4143 from 2001), Two-Generation Reproduction
Toxicity Study (TG 41632 from 2001), One-Generation Repro-
ductive Toxicity Study (TG 4153 from 1983), Reproduction/
Developmental Toxicity Screening Test (TG 42134 from 2016),
Combined Repeat Dose Toxicity Study with the Reproduction/
Developmental Screening Test (TG 4223 from 2016), Extend-
ed One-Generation Reproductive Toxicity Study (TG 44336
from 2012) and Developmental Neurotoxicity (TG 42637 from
2007).

OECD TG 443 is based on the International Life Science
Institute (ILSI)-Health and Environmental Sciences Institute
(HESI), Agricultural Chemical Safety Assessment (ACSA)
Technical Committee proposal for a life stage F1 extended one-
generation reproductive study (Cooper et al., 2006). Because
of its animal saving potential, its partial validation and the in-
clusion of immunotoxicity as well as neurodevelopmental end-
points (for which only guidance from the 1993 draft Redbook
is otherwise available) as triggered options, TG 443 is the pre-
ferred reproductive toxicity test, which makes also additional
developmental toxicity studies obsolete.

No animal-free alternative methods for this test have been val-
idated by ICCVAM/NICEATM and/or accepted by US agencies.

Future opportunities as laid out in the roadmap for replace-
ment (Basketter et al., 2012; Leist et al., 2014) include aban-
doning the test based on poor performance, and including ITS
including zebrafish egg and (human) stem cell embryotoxicity
tests. See also Bremer et al. (2007).

29 http://www.oecd-ilibrary.org/environment/test-no-451-carcinogenicity-studies_9789264071186-en

30 http://www.oecd-ilibrary.org/environment/test-no-453-combined-chronic-toxicity-carcinogenicity-studies_9789264071223-en

31 http://www.oecd-ilibrary.org/environment/test-no-414-prenatal-development-toxicity-study_9789264070820-en

32 http://www.oecd-ilibrary.org/environment/test-no-416-two-generation-reproduction-toxicity_9789264070868-en

33 http://www.oecd-ilibrary.org/environment/test-no-415-one-generation-reproduction-toxicity-study_9789264070844-en

34 http://www.oecd-ilibrary.org/environment/test-no-421-reproduction-developmental-toxicity-screening-test_9789264264380-en

35 http://www.oecd-ilibrary.org/environment/test-no-422-combined-repeated-dose-toxicity-study-with-the-reproduction-developmental-toxicity-screening-

test_9789264264403-en

36 http://www.oecd-ilibrary.org/environment/test-no-443-extended-one-generation-reproductive-toxicity-study_9789264185371-en

37 http://www.oecd-ilibrary.org/environment/test-no-426-developmental-neurotoxicity-study_9789264067394-en
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4.3.9 Developmental toxicity studies

The developmental toxicity test may be done as a stand-alone
study, or may be part of a multigeneration reproduction study.
If it is combined with a reproduction study, assessment of tera-
tological effects may be performed on either the first or second
generation, but it is usually performed on the last litter of the
generation to maximize exposure to the test agent. As part of
a multigeneration study, the fetuses may be exposed to the test
substance from conception. In a stand-alone study, treatment
must begin early enough to include organogenesis for the spe-
cies used and should continue to the day prior to the expected
day of parturition. This guideline may be used with substances
given orally to the rat, mouse, hamster, or rabbit. If the test sub-
stance is believed to have the capacity to alter the rate of its own
metabolism through induction of metabolizing enzymes or as a
result of damage incurred by the liver, then consideration should
be given to evaluating the teratogenic potential of the compound
by using a separate study.

There is ongoing discussion on the shortcomings of develop-
mental and reproductive toxicity testing (Makris et al., 2011;
Basketter et al., 2012). The second species could possibly be
replaced by zebrafish tests (ongoing validation via systematic
review by the Evidence-Based Toxicology Collaboration3®) or
validated alternative methods such as the embryonic stem cell
test (EST), the limb bud assay or whole rat embryo culture (Gen-
schow et al., 2004; Piersma et al., 2004; Spielmann et al., 2004,
2006), but none of these methods has yet been accepted for this
purpose. Notably, a variant of the EST using either human em-
bryonic stem cells or human induced pluripotent stem cells and
metabolite measurements, which were identified by metabo-
lomics, was introduced by Stemina (Madison, WI).

The FDA refers to the 1993 draft Redbook as guidance. The
different OECD guidelines under Reproduction Toxicity all in-
clude developmental effects. As a standalone test, TG 422 is pre-
ferred, or TG 421 can be considered if repeat dose toxicity is ad-
dressed separately. Possibilities to substitute the second species
with new approach methods should be considered in a weight-of-
evidence evaluation. However, no such alternative methods for
this test or the substitution of a second species have been vali-
dated by ICCVAM/NICEATM and/or accepted by US agencies.

4.3.10 Metabolism and pharmacokinetic studies

Results from animal toxicity studies are used by FDA to deter-
mine dose-response characteristics for any effects observed in
the evaluation of the safety of food and color additives. Since
the delivered dose of a substance to any affected tissue or or-
gan is determined by the pharmacokinetics and metabolism of
the substance in the test animal, toxicity studies are more eas-
ily interpreted, likely to achieve target doses, and avoid exces-
sive toxicity if data from metabolic and pharmacokinetic stud-
ies are available during the planning of short-term, subchronic
and/or chronic toxicity studies. Early determination of meta-

38 htp://www.ebtox.org/work-groups/zebrafish-group/index.html
39 https://www.fda.gov/downloads/Food/GuidanceRegulation/UCM078741.pdf
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bolic pathways and the rates of metabolism in different test
species may provide explanations for species differences in
any effects that are observed, and suggest biochemical or phar-
macologic experiments which might be used to test explana-
tions of such phenomena. The FDA recommends that petition-
ers submit data that will enable their scientists to evaluate: 1)
the extent of absorption, 2) tissue distribution, 3) pathways and
rates of metabolism, and 4) rate(s) of elimination of the parent
substance and any metabolites formed for all Concern Level 11
and III substances. The FDA may recommend submission of
additional metabolic and pharmacokinetic data based on the
extent to which a chemical is metabolized, the potential toxic-
ity of the metabolites, and the extent to which observed toxic
effects seem to correspond to the presence of the parent sub-
stance or its metabolites.

Advances in the field have been recently summarized
(Tsaioun et al., 2016). ADME (absorption, distribution, me-
tabolism, elimination) has rapidly evolved over the past two
decades, creating a unique interdisciplinary interface between
medicinal chemists, biologists, formulators, toxicologists,
clinicians, and regulators across industries, but has advanced
most rapidly in the pharmaceutical industry. The implementa-
tion of ADME profiling of drug candidates, in conjunction with
biological efficacy and safety optimization, has dramatically
reduced pharmacokinetic drug failures in clinical trials and has
become a lingua franca between disciplines that are involved
in drug development. Recently, a roadmap to integrate in silico
and in vitro approaches in the area of safety assessment of food
and food ingredients was published (Blaauboer et al., 2016),
in which the emphasis was also on the kinetic behavior of the
compounds under study. Progress in developing the most rel-
evant in vitro models for intestinal uptake has been recently
summarized (Gordon et al., 2015): “Despite their varying
complexity, non-animal models of the intestine described so
far still remain overly simplified compared to the in vivo situ-
ation, as they do not include feedback mechanisms or aspects
of the gut microbiota, immune system, innervation or specific
hormonal controls. Further efforts and technological innova-
tions are therefore needed to further improve and exploit in-
testinal models in order to meet the growing requirements of
industry and researchers.”

It is recommended to generate ADME information in order to
help the interpretation of findings also at low concern levels. The
FDA refers to the 1993 draft Redbook for guidance3?, which is
somewhat outdated. However, as no OECD test guidelines are
available, pertinent guidance from the drug and pesticide sector
might be consulted or, especially for the non-mandatory genera-
tion of such information for low concern level substances, new
approach methods should be considered.

For the future, the reader is referred to the roadmap developed
for ADME replacement methods (Basketter et al., 2012; Leist
etal., 2014).
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4.3.11 Human studies
The FDA does not require petitioners to conduct human clinical
studies to support the safety of direct food additives or color
additives used in food. However, petitioners may elect to per-
form such studies in certain circumstances, such as when the
proposed additive will be consumed by humans at relatively
high levels.

Guidelines from the 1993 draft Redbook are available*0. This
evaluation cannot advise on such human studies, which will
have to be designed case-by-case.

5 Future perspectives

5.1 Integrated testing strategies

Despite the fact that toxicology uses many stand-alone tests,
a systematic combination of several information sources very
often is required. Examples include: when not all possible out-
comes of interest (e.g., modes of action), classes of test sub-
stances (applicability domains), or severity classes of effects
are covered in a single test; when the positive test result is rare
(low prevalence leading to excessive false positive results);
when the gold standard test is too costly or uses too many ani-
mals, creating a need for prioritization by screening. Similarly,
tests are combined when the human predictivity of a single test
is not satisfactory or when existing data and evidence from
various tests will be integrated. Increasingly, kinetic informa-
tion also will be integrated to make an in vivo extrapolation
from in vitro data.

ITS, also called IATA in the OECD context, offer the so-
lution to these problems. ITS have been discussed for more
than a decade (for summary see Hartung et al., 2013; Rovida
et al., 2015), and some attempts have been made to develop
test guidance for regulations. Despite their obvious potential
for revamping regulatory toxicology, however, we still have
little guidance on the composition, validation, and adaptation
of ITS for different purposes. Similarly, weight of evidence
and evidence-based toxicology approaches require different
pieces of evidence and test data to be weighed and combined.
Currently, the field of skin sensitization is pioneering the regu-
latory use of ITS/IATA, which is however not an information
requirement under FDA GRAS.

While no ITS/IATA relevant to food additives have yet been
accepted, it is advisable to consider them when developing a test
strategy for a given information need.

5.2 Evidence integration

Evidence integration for a given information need (as well as
the overall risk assessment) should be carried out by independ-
ent experts; notably, the lack of independence of the evalua-

40 https://www.fda.gov/downloads/Food/GuidanceRegulation/UCMO078753.pdf
41 http://www.ebtox.org
42 hitps://www.ncbi.nim.nih.gov/books/NBK230072/
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tion was a major criticism to the reality of the GRAS process
(Neltner, 2013b; Maffini et al., 2011, 2013). Evidence-based
toxicology (EBT) (Hoffmann and Hartung, 2006; Hartung,
2009) and the EBT Collaboration*!' are spearheading these ef-
forts. Notably, both EFSA and FDA CFSAN representatives
are members of the board of trustees. A joint workshop of
EBTC and EFSA on evidence integration was held in October
2017 (report in preparation).

The use of all available data and the encouragement to use
alternative methods to minimize animal use and suffering
prompts the need for integrating various forms of evidence.
Evidence integration is understood to be the process of com-
bining different kinds of evidence relevant to hazard identifi-
cation. This process is often referred to as weight of evidence
(WoE) evaluations. Linkov et al. (2015) summarize “Weigh-
ing available evidence in the process of decision-making is
unavoidable, yet it is one step that routinely raises suspicions:
what evidence should be used, how much does it weigh, and
whose thumb may be tipping the scales? ... The inexact sci-
ence of converting existing environmental health and toxicol-
ogy knowledge into risk management decisions and policy
relies on a growing volume of increasingly diverse scientific
data. Past work in this area was guided by a small number of
experimental techniques and models. Today, however, toxic-
ity data is much more diverse. It can be collected by different
modes, compounded with experiments or models, and often
point in different directions regarding the same assessment
endpoint. Individual lines of evidence constitute an informa-
tion base from which conclusions must be drawn regarding
public health and economic development. Weight of evidence
(WoE) is an approach that, by means of qualitative or quanti-
tative methods, integrates individual lines of evidence to form
a conclusion (Linkov et al., 2009) and has been widely used
in both ecological and human health risk assessments to col-
late heterogeneous information and justify selection of regu-
latory benchmarks.” Notably, the National Research Council
(NRC) review of the EPA’s Integrated Risk Information Sys-
tem (IRIS) process*? concluded that WoE “has become too
vague and is of little scientific use” (NRC, 2014). In its place,
the NRC proposes alternative methods of varying quantitative
nature such as read-across and systematic review. Linkov et
al. (2015) concur, stating: “The present state of WoE, and evi-
dence integration in general, is such that approaches to hazard
assessments in toxicology differ greatly between applications,
among both qualitative and quantitative assessments. ... WoE
in the traditional Bayesian or MCDA [multi criteria decision
analysis] style offers an opportunity to redirect evidence inte-
gration in toxicological assessments onto a more quantitative,
transparent and objective path.” Making the WoE evaluation
as quantitative as possible is recommended.
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The National Toxicology Program Office of Health Assess-
ment and Translation (OHAT) carries out literature-based eval-
uations about potential human health hazards to examine the
state of the science (Rooney et al., 2014). In 2012, OHAT began
exploring and developing an approach for implementation of
systematic review methodology to define the OHAT Evalua-
tion Process*? with opportunities for external scientific, public,
and interagency input. This includes the until now only formal
approach for evidence integration from different data streams;
though not developed or evaluated for GRAS evaluation, it can
serve as guidance for such tasks.

5.3 Revising earlier GRAS evaluations

The ruling by FDA (2016) represents a clarification, not a
change, in the safety standard of a food additive, be it evalu-
ated by GRAS or petitioning the FDA. The critical aspect is
the public availability of data. To quote the FDA guidance for
industry**: “The difference between the criteria for eligibility
for classification as GRAS through scientific procedures (21
CFR 170.30(b) and 21 CFR 570.30(b)) and FDA’s approval
of a food additive (21 CFR 171.1 and 21 CFR 571.1) relates
to who has access to the data and information and who has
reviewed those data and information. For a substance to be
GRAS under the conditions of its intended use, the data and
information relied on to establish the safety of the use of the
substance must be generally available (e.g., through publica-
tion in the scientific literature) and there must be a basis for a
person to conclude that the substance is generally recognized,
among qualified experts, to be safe under the conditions of its
intended use. In contrast, for FDA’s approval of a food addi-
tive privately held data and information about the substance
under the conditions of its intended use are sent by the spon-
sor to FDA and FDA reviews those data and information to
determine whether they demonstrate that the substance is safe
under the conditions of its intended use.”

Earlier studies have identified deficits in this public avail-
ability (Neltner et al., 2013a), as discussed above. However,
as most findings will be negative, such publication in the sci-
entific literature is often difficult. The creation of a database
to make the summary results publicly available is therefore
recommended.

In adapting the ruling, GMA code of conduct and the standard
to be developed, companies are urged to go through a process of
sharing the respective documentation on earlier GRAS evalua-
tions, which should include a review of:

— the completeness of the evaluation;
— possible changes in use scenarios (exposure) and conse-
quently concern levels — note that classification as GRAS is

43 https:/ntp.niehs.nih.gov/pubhealth/hat/review/index-2.html

for the use of a substance, rather than the substance itself;

— new information about the substance of interest impacting on
the assessment;

— whether metabolites, degradation products and impurities
have been adequately addressed.

Where the information is found to be incomplete or requiring

expansion, the guidance for safety assessments should be ap-

plied. Given, however, that additional use experience for the

substance is now available, this would allow a weight-of-evi-

dence evaluation of all available information first and, in many

instances, these use experiences combined with in silico and in

vitro screening tools can suffice.

The dynamic of substance uses and toxicological information
becoming available is strongly accelerating. Kruger (2016) re-
marks: “There are important examples of things used in our
food supply like processing aids or flavoring ingredients,
where original approvals may have been very narrow and in-
novation has expanded uses. Re-evaluation and documenta-
tion of the safety for the expansion of these uses is critical.
Reassessment of safety is very important and amendments in-
corporating reevaluations of GRAS ingredients are a key step
in assuring the safety of our food supply. There should have
[sic] more discussion and additional guidance in the frame-
work of GRAS evaluations on when and where and how to go
back through what we have in the food supply to make sure
that current uses are covered by the risk assessments that were
done”. It is therefore recommended to review any GRAS deter-
mination every 10 years in order to confirm exposure estimates,
concern levels, and safety of the substance.

6 Suggested process of carrying
out a GRAS evaluation

Step 1: Determine the GRAS eligibility of the substance:

— Is there safe use information before January 1, 1958?

— Is the substance a color additive (which does not fall under
FDA’s GRAS definition)?

— Has the substance already undergone adequate GRAS evalu-
ations® or other risk assessments for food additives?

— What is the use scenario and resulting exposure*¢?

— Determine the concern level (and thereby the information
needs), favorably by (Q)SAR or automated read-across.

Step 2: Collect all available information on the substance sepa-
rately for every information need, including:

— Is the substance listed on any positive or negative list for the
use as food additive?

— Is there available toxicological data and exposure informa-

44 hitps://www.fda.gov/downloads/Food/GuidanceRegulation/GuidanceDocumentsRegulatorylnformation/UCM525233.pdf

45 CFSAN's Web site entitled “Generally Recognized as Safe (GRAS);” and CVM’s Web site entitied “Generally Recognized as Safe (GRAS) Notification
Program,” each contain a list of substances that have been the subject of a GRAS notice to FDA, whether to CFSAN (for intended use in human food)

or to CVM (for intended use in animal food).

46 FDA, “Guidance for Industry: Estimating Dietary Intake of Substances in Food,” 2006;
http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatorylnformati on/ucm074725.htm

ALTEX 35(1), 2018

19


https://ntp.niehs.nih.gov/pubhealth/hat/review/index-2.html
https://www.fda.gov/downloads/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/UCM525233.pdf
http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/ucm074725.htm

HARTUNG

tion (including other industries and other geographical re-
gions) favorably by systematic review?

— Assess the quality of studies.

— Review the exposure and toxicological information to pos-
sibly refine the concern level

— Carry out a weight of evidence assessment to evaluate the
completeness of available information; if the information is
complete and unambiguous to allow satisfying the informa-
tion need, consider formal evidence integration.

Step 3: Consider a TTC approach:

— Based on the exposure scenario and endpoint-specific TTC
values for the class of chemicals, assess whether thresholds
of regulatory concern are reached.

Step 4: Develop a test strategy, including:

— Can the available information be complemented with new
approach methods (in silico and in vitro) to possibly con-
clude on the safety of the substance for the given information
need?

— Identify the adequate study/studies in compliance with FDA
guidance and the standard to be developed and justify devia-
tions.

— Identify the sequence of information needs to be assessed —
as food additive regulation follows a no-risk paradigm, any
finding of toxicity relevant to the human use scenario will
likely end the GRAS evaluation, thus it is advisable to ad-
dress areas of concern early on.

Step 5: Carry out the test strategy and the respective risk as-
sessment:

— Acquire the information and evaluate the risk by information
need.

— If no individual findings prohibit use, carry out the overall
risk assessment.

— The assessment should be done by an independent panel,
i.e., a group of knowledgeable individuals with no conflict
of interest for the given substance’s use (note the 2017 FDA
guidance on this).

Step 6: Consider mixture effects, sensitive subpopulations and
extreme use scenarios:

— Address possible interactions with the food matrix as well as
direct and indirect food additives, possibly even other foods.

— Consider possible sensitive subpopulations (infants, elderly,
diseased populations, e.g., suffering from liver or kidney dis-
ease).

— Consider extreme uses.

Step 7: Evaluate metabolites, degradation products and impuri-
ties:

— Making use to the extent possible of (Q)SAR, automated
read-across and TTC evaluate metabolites, degradation prod-
ucts and impurities addressing all information needs for the
food additive itself; please note that the concern level for me-
tabolites, degradation products and impurities can be higher.

Step 8: Document the process and share the results with FDA
and the general public:

47 https://www.fda.gov/Forindustry/FDAeSubmitter/default.htm
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— The GRAS notification procedure is a voluntary procedure
under which any person may notify FDA of a conclusion that
a substance is GRAS under the conditions of its intended use
in human food (21 CFR part 170, subpart E) or animal food
(21 CFR part 570, subpart E). Although the GRAS notifica-
tion procedure was voluntary, FDA strongly encouraged any
person who intends to market a food substance on the basis
of the GRAS provision to submit a GRAS notice to FDA%.
With the 2017 guidance, it is required to notify FDA.

— As GRAS requires public availability of the underlying data,
safeguard the publication of all studies at least as robust sum-
maries.

— The FDA operates an Adverse Reaction Monitoring System
(ARMDYS) to help serve as an ongoing safety check of all ad-
ditives, monitoring and investigating all complaints by indi-
viduals or their physicians that are believed to be related to
specific foods, food and color additives, or vitamin and min-
eral supplements. The ARMS computerized database helps
officials decide whether reported adverse reactions represent
a real public health hazard associated with food, so that ap-
propriate action can be taken. Companies should report such
complaints to FDA ARMS.

7 Where should a standard go beyond
current FDA guidance?

The value of a standard to be developed lies in where it goes

beyond the law and FDA ruling. By doing so, it aims at pro-

viding the consistency, scientific rigor and transparency to earn
consumer trust.

— The standard should be committed to both sound and the
most humane science. It should embrace the developments
of evidence-based toxicology and the 3Rs.

— It should recommend the use of all available data, favorably
by systematic review, quality scoring and evidence integra-
tion within a (quantitative) weight-of-evidence evaluation.

— It should recommend the use of Thresholds of Toxicological
Concern (TTC) for low concentration additives, metabolites,
degradation products and impurities.

— It should recommend the use of (automated) read-across and
Q(SAR) to objectively determine concern levels.

— It should recommend developing ITS for the execution of
testing.

— It should recommend OECD test guidelines and their up-
dates, going beyond the Redbook 2000 guidance still in use
by FDA. This includes the use of test guidelines for com-
bined chronic/carcinogenicity, subchronic/mutagenicity and
chronic/developmental screening tests, as well as the use of
the extended-one-generation reproductive toxicity study.

— It should recommend generating toxicokinetic information
(including in vitro and in silico approaches) also for low
concern level additives.
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— It should discourage the use of the one-year non-rodent study,
the use of mouse as a second species in cancer bioassays, and
the cancer bioassay as a whole based on increasing concern
about their regulatory value and lacking human relevance.

— It should encourage the substitution of the second species
(where required) for developmental toxicity with embryonic
stem cell, zebrafish developmental toxicity or whole rat em-
bryo culture tests.

The following requirements are already part of the FDA 2017
guidance:

— The independence of the risk assessors (GRAS panels) from
the manufacturer/user of the substance of interest.

— The urge to review earlier GRAS determinations and re-
quirement; going beyond this, the standard should include
provisions to regularly (e.g., every 10 years) revise the deter-
mination.

— Making GRAS notifications to FDA mandatory.

8 Conclusions

The goal of all these efforts is to make the safest food available
to customers. The lay public has a love/hate relationship to
manufactured food. This is exemplified by two of my favorite
authors: George Orwell, who stated “We may find in the long
run that tinned food is a deadlier weapon than the machine-
gun”, and George Bernard Shaw, who wrote “There is no sin-
cerer love than the love of food”. The distinction made and
implicit in the quotes is often between the “bad” manufactured
versus the “good” home-made food. This is not always justi-
fied, especially when thinking of microbiological risks, which
are typically well controlled in manufacturing but challenged
at home when storing, processing and consuming food. Simi-
larly, large manufacturers can control the toxicity of ingredi-
ents and contaminants (i.e., direct and indirect food additives)
to an extent not possible in an individual household. However,
the lack of control over what is added instills fear when it is
outside of consumer control. The fact that we appear to lack
data about the safety of these compounds adds to these fears.
This strongly contrasts with the relatively few scandals and
identified risks. An investment into the safety assessment of
chemicals and its communication thus is an important means
to regain consumer trust. People want to know — or as Dan
Glickman, former US Secretary of Agriculture, said “One of
the trends we're seeing in food and agriculture is more and
more consumers wanting to know things about their food and
where and how it’s grown and what s in it”.

US food has an especially bad reputation, to which the per-
ceived easy-go of GRAS has added. The American author Fran
Lebowitz (1950-) cynically said: “If you're going to Ameri-
ca, bring your own food”. Even a former Commissioner of
the FDA (1990 to 1997), David Aaron Kessler, is quoted for
“The history of government regulation of food safety is one
of government watchdogs chasing the horse after its out of
the barn”. With GRAS as a key mechanism to pragmatically
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regulate food additives, the current reboot represents an op-
portunity to create a paradigm, in which the entire food chain
collaborates in order to produce food of a safety standard con-
sumers can trust.

The efforts detailed here of FDA and manufacturers show
how a system that is quite rigorous in principle shall be amend-
ed to serve these functions, while not giving up on the ele-
ments of self-regulation of the industry as the agency could
hardly handle the enormous number of otherwise necessary
petitions and risk assessments. It will require from the industry
a more stringent and transparent application of the GRAS pro-
cess. These changes represent at the same time an opportunity
to bring testing requirements up to date and thereby consider
new approaches. Such discussion is complex, but promises,
in the end, advantages for all parties involved including, ulti-
mately, the consumer.
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