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Abstract

Various weight-of-evidence risk-assessment frameworks have been used for regulatory decision making. In this policy commentary, we
critically assess the value of including gastric and/or intestinal digestion results in the weight of evidence designed to inform the allergenicity
assessment of newly expressed proteins in genetically engineered crops. This example highlights a general concept: specifically, that there is
negligible value in considering a factor as a component of the risk assessment when differing outcomes for this factor do not result in different
risk decisions under any reasonable hypothetical scenario regarding results from the other components of the risk assessment. We conclude that
equitable and science-based regulatory guidance should include examples of weight-of-evidence scenarios illustrating how differing outcomes for
each individual component within the weight of evidence would result in a different conclusion on the acceptability of the potential risk under
consideration. Critically assessing each component of the weight of evidence in this manner helps avoid inclusion of components that can only
distract risk assessors from the critical decision-making process, possibly resulting in inconsistent risk assessment outcomes for the same datasets.
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1. Introduction

A number of different weight-of-evidence frameworks have
been used in regulatory decision making in the context of risk
assessment [15]. These vary from subjective qualitative assess-
ments to decision trees with specific criteria and/or thresholds.
While the simplicity of decision trees with prescriptive thresh-
olds are often preferred in the context of regulatory decision
making, more subjective weight-of-evidence approaches
are sometimes required due to the complexity of potential
weight-of-evidence scenarios and the varying strength of each
piece of evidence in predicting risk. By way of example, a
decision-tree framework for evaluating the allergenic risk of
newly expressed proteins in genetically engineered (GE) crops
was initially adopted [4] but was later replaced by a more sub-
jective weight-of-evidence framework as the variable predictive
ability of the components of the weight of evidence became
evident [12, 11]. The use of a weight-of-evidence approach
likely precludes strict prescriptive decision making under
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such complexity. However, we propose that when weight-of
evidence is invoked for decision making, illustrative examples
of weight-of-evidence scenarios should be developed to show
how differing results for each component would result in a
different decision on the acceptability of risk. Including such
examples in regulatory guidance would reduce the subjectivity
of risk assessments and aid risk assessors in making consistent
evidence-based decisions. Such analyses would also refine
risk assessment by excluding components within the weight of
evidence that do not impact decision making, thus simplifying
and improving decisions on the acceptability of potential risk.

2. Current Weight-of-Evidence Components for the Aller-
genicity Assessment of Newly Expressed Proteins in Ge-
netically Engineered Crops

By way of example, several components have historically
been used in the weight-of-evidence allergenicity risk assess-
ment of newly expressed proteins in GE crops. These com-
ponents include: 1) bioinformatic analysis of the amino acid
sequence identity or similarity to known allergens; 2) history
of exposure and allergy to the protein or organism from which
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the protein was identified; 3) the concentration of the protein as
expressed in the GE crop or food; 4) thermal and digestive sta-
bility of the protein; and when appropriate, 5) specific IgE bind-
ing studies [11]. The thermal stability of a protein has largely
been dismissed as a useful component in the allergenicity risk
assessment, most importantly because heat-induced alterations
in protein structure can increase or decrease the allergenicity of
a protein, and thus, results for a new food protein are not inter-
pretable in the context of an allergenicity risk assessment [14].
Similarly, allergens have not been found to be generally more
stable to gastric or intestinal digestion than non-allergens, and
highly digestible allergens are known, thus making digestion
results uninterpretable in the context of an allergenicity risk as-
sessment [9, 17, 2]. However, some scientists continue to sup-
port the use of digestion results in the risk assessment based on
its contribution to understanding exposure in the gut where al-
lergenic sensitization and elicitation can occur [3, 1], and such
results continue to be required globally by regulatory agencies
[16].

3. Does Level of Exposure in the Gut Inform the Allergenic-
ity Risk Assessment?

The proposed value of understanding the level of exposure
in the gut on the allergenicity risk assessment was predicated
on the initial belief that sensitization to food allergens occurred
primarily in the gut, and that exposure to increased concentra-
tion in the gut increased sensitization rates. Both of these as-
sumptions are increasingly inconsistent with developing scien-
tific evidence. It is now understood that sensitization to food
allergens can also occur both dermally and through inhalation
(bypassing the digestive system), and that increased exposure to
allergens in the gut at a young age actually reduces sensitization
rates, likely through the tolerization process [9, 13, 8]. Interest-
ingly, increasing the digestibility of a known allergen can actu-
ally decrease its ability to induce tolerization against allergy. A
mutant digestively unstable form of the digestively stable carp
parvalbumin Cyp c 1 was found to lack the normal tolerization
properties observed for the native Cyp c 1 allergen in a mouse
model system, suggesting that substituting this digestible ver-
sion for the stable version could increase sensitization rates [5].
While elicitation of food allergy in already sensitized individu-
als increases with increasing exposure to the respective protein
antigen in the gut, newly expressed proteins in GE crops that are
suspected of being cross-reactive with known allergens, based
on bioinformatic analyses or their sourcing from a known al-
lergenic organism, are subjected to specific IgE binding studies
that would reveal any cross reactivity. In such cases, digestive
stability would not preempt or overturn the risk decisions based
on IgE serum study results because some known allergens are
readily digestible while others are very stable, and no clear cor-
relation is present [10, 6]

4. Example of Weight-of-Evidence Scenarios Should be In-
cluded in Regulatory Guidance

We propose that it should be possible to formulate hypothet-
ical examples for useful weight-of-evidence components that
illustrate how differing outcomes for each individual compo-
nent would change the assessment of acceptable risk. In the
example of digestion results as a component of the allergenic-
ity risk assessment for newly expressed proteins in GE crops,
we are unable to formulate a realistic scenario where results
would affect risk assessment conclusions. Indeed, digestion
results inform gut exposure, but gut exposure does not pre-
dictably inform the allergenicity risk assessment. However,
inclusion in regulatory guidance of plausible illustrative sce-
narios (even if hypothetical), where digestion results would be
the deciding factor in a risk decision, would promote consis-
tency of evidence-based decision-making for transgenic pro-
teins in food. Alternatively, if available evidence does not in-
dicate a plausible scenario where digestion results would affect
the risk decision, digestion results should not be considered in
the weight-of-evidence used to evaluate allergenic potential.

5. Removing a Faulty Weight-of-Evidence Component Has
Value Without Replacement

It is noteworthy that some favor maintaining the current
simulated gastric digestion assay in the allergenicity assessment
of newly expressed proteins in GE crops until a better weight-
of-evidence component is identified to replace it [3]. However,
removing a component that is not useful in making a risk deci-
sion under any reasonable scenario is an improvement in itself
because maintaining such a component implies it is useful in
decision making when it is not. As such, removing digestion re-
sults from the weight-of-evidence allergenicity assessment im-
proves risk decision making even in the absence of identifying
a replacement weight-of-evidence component (Figure 1).

6. Conclusion

Evaluating each component within a weight-of-evidence
risk assessment framework in a manner similar to the allergen
risk example discussed here should be applicable to other
weight-of-evidence risk assessments, thus improving decision
making. Development of plausible illustrative (hypothetical)
scenarios enables risk assessors to understand the weight
of each component and consistently and objectively reach
evidence-based conclusions. Components that are found to not
provide useful evidence in support of the risk assessment, as
appears to be the case for digestive stability in the assessment
of food protein allergenicity, should be dropped from the
weight-of-evidence approach.
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Figure 1: Allergenicity Risk assessment decision flow [7].
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