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Improving Prediction of Carcinogenicity
to Reduce, Refine, and Replace the Use of
Experimental Animals

Todd Bourcier,” Tim McGovern, Lidiya Stavitskaya, Naomi Kruhlak, and David Jacobson-Kram*

Cancer risk assessment of new pharmaceuticals is crucial to protect public health. However, clinical trials lack the dura-
tion needed to clearly detect drug-related tumor emergence, and biomarkers suggestive of increased cancer risk from a drug
typically are not measured in clinical trials. Therefore, the carcinogenic potential of a new pharmaceutical is extrapolated
predominately based on 2-y bioassays in rats and mice. A key drawback to this practice is that the results are frequently posi-
tive for tumors and can be irrelevant to human cancer risk for reasons such as dose, mode of action, and species specificity.
Alternative approaches typically strive to reduce, refine, and replace rodents in carcinogenicity assessments by leveraging
findings in short-term studies, both in silico and in vivo, to predict the likely tumor outcome in rodents or, more broadly, to
identify a cancer risk to patients. Given the complexities of carcinogenesis and the perceived impracticality of assessing risk
in the course of clinical trials, studies conducted in animals will likely remain the standard by which potential cancer risks are
characterized for new pharmaceuticals in the immediate foreseeable future. However, a weight-of-evidence evaluation based
on short-term toxicologic, in silico, and pharmacologic data is a promising approach to identify with reasonable certainty those
pharmaceuticals that present a likely cancer risk in humans and, conversely, those that do not present a human cancer risk.

Abbreviations: DRA, drug regulatory agency; CDER, Center for Drug Evaluation and Research; FDA, US Food and Drug Ad-

ministration; ICH, International Conference on Harmonization; WOE, weight of evidence.

The United States Food and Drug Administration (FDA), like
its international drug-regulatory counterparts, is dedicated to
approving safe and effective drugs for human use. In addi-
tion, the FDA is committed to the 3Rs, by reducing, refining,
and replacing the use of animals in drug development. Be-
cause drugs are designed to have biologic effects and because
they are often taken for prolonged periods of time, potential
toxicities are concerns. Although most potential toxicities are
discovered in the course of clinical trials, some endpoints such
as carcinogenicity, mutagenicity, and teratogenicity can only be
assessed in nonclinical studies in light of ethical and practical
considerations. Here we review current regulatory practices
and challenges to assessing carcinogenic risk, and we explore
emerging approaches all within the framework of the 3Rs.

The long latency period for most human cancers precludes the
assessment of potential carcinogenicity in the course of clinical
trials. Even retrospective epidemiologic studies lack sensitivity
because of high backgrounds and multiple drug exposures. As
aresult, the 2-y rodent bioassay has become the “gold standard’
for assessing potential carcinogenicity of new drugs as well as
other products.

With very few exceptions, rodent bioassays detect all known
human carcinogens. Nevertheless, few would deny that the
rodent bioassay has flaws. The studies are relatively insensi-
tive because of the small numbers of animals used compared
with the number of people exposed. The studies are lengthy—
after accounting for the time needed to complete dose-range
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finding studies and preparation of the final study report,
total turnaround times can be over 3 y. Although the costs of
carcinogenicity assessments account for only a small fraction
of the overall cost of drug development, the costs of carcino-
genicity assessments can run into millions of dollars. Doses
exceeding those likely to be used clinically are often tested; the
high dose in a cancer bioassay is often a maximally tolerated
dose. Exposing animals to maximally tolerated doses can alter
biologic processes that are not relevant at clinical exposures
and can produce artifacts, necessitating careful interpretation
of positive tumor results. In addition, carcinogenicity studies
frequently are criticized because rodents are perceived as too
biologically different from humans and therefore poor models
for assessing cancer risks. Finally, rodent bioassays can result in
drug-induced tumors that arise by mechanisms of questionable
relevance to human risk.%

Previous Attempts to Substitute In Vitro and
Short-Term Tests for Rodent Carcinogenicity
Studies

In the mid1970s, Professor Bruce Ames made the important
observation that chemicals known to be carcinogens often in-
duced mutations in bacterial cells.? This observation led to the
development of the Salmonella typhimurium reverse-mutation
assay, often referred as the Ames assay. Other endpoints of
genotoxicity were known as well, including chromosomal
aberrations in metaphase cells, micronuclei, sister chromatid
exchanges and unscheduled DNA synthesis. At that time it
was thought that a battery of in vitro assays could successfully
identify potential carcinogens and thereby substitute for 2-y
rodent bioassays. However, a landmark study published in
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1987% showed that although clearly genotoxic chemicals were
often Carcinogens, the reverse was not true—there are many
nongenotoxic carcinogens. Therefore a battery of assays that
only identifies genotoxicity could not substitute for the 2-y
rodent bioassay.

Over the years other in vitro assays have been developed
with the goal of supplanting the need for lifetime rodent bioas-
says. For example, the Syrian hamster embryo transformation
assay was touted to have this potential, especially a variation
on the assay that used a pH that was lower than physiologic
pH.2 The popularity of that assay waxed and waned, but the
test was finally rejected as not being useful in drug develop-
ment. Mechanisms by which drugs induce cancer often relate to
exaggerated pharmacology, hormonal imbalance, and immune
suppression. These mechanisms are unlikely to be replicated in
a Syrian hamster embryo assay.

Progress on In Silico Prediction of
Carcinogenicity

The use of in silico models has become increasingly important
for risk assessment, because these models offer early insight
into potential safety issues for a new pharmaceutical agent.
Quantitative structure-activity relationship (Q)SAR models
can provide a rapid and cost-effective assessment of the toxicity
of a molecule based solely on its chemical structure.?? (Q)SAR
models can be used to make predictions for a variety of chemical
types, but their performance varies depending on attributes of
their training set including quality of data, size of training set,
range of structural diversity, ratio of active to inactive chemicals,
and mechanistic complexity of the endpoint.?” Carcinogenicity is
one of the most difficult toxicologic endpoints to predict, given
its mechanistic complexity and high variability of long-term
study data. Therefore it is particularly important to understand
the value and limitations of available (Q)SARmodels before
selecting an appropriate model for a specific analysis.

The success and quality of any (Q)SAR model greatly depends
on the data that are used to link chemical structures to biologic
outcomes. FDA’s Center for Drug Evaluation and Research
(CDER) has expended considerable effort to construct and main-
tain a database of 2-y rodent carcinogenicity findings from drugs
and industrial chemicals that have been used for the develop-
ment of (Q)SAR models as well as for internal structural analog
searching. The database was first described in 1998?° and, since
then, has been continually updated?? with new studies for orally
dosed pharmaceuticals obtained through CDER submissions
and other sources such as the National Toxicology Program.
In addition, the database has been expanded to include organ-
specific findings and supporting citations in a standardized and
searchable format, and it is being made available internally to
CDER reviewers. The database now comprises 1534 unique
chemical substances but, due to the high cost of performing
these studies, the rate of new incoming data is relatively low,
with the addition of approximately 50 new studies each year.
Although the FDA-CDER database represents one of the most
comprehensive and high-quality data sets available for rodent
carcinogenicity, the low availability of new data compared
with other types of toxicology study findings still presents a
challenge to the development of predictive models for such a
mechanistically complex endpoint.

Two basic types of structure-based modeling approaches
have been used at FDA-CDER to assess the carcinogenic po-
tential of chemicals: (1) statistical-based modeling[(Q)SAR],
and (2) expert rule-based modeling (SAR). Statistical (Q)SAR
models identify a mathematical correlation between molecular

features and activities by using a machine-learning approach,
whereas an expert rule-based approach uses human-derived,
and often mechanistically defined, structural alerts to assess
biologic activity. Although expert systems typically provide
greater interpretability, they are much more time-consuming
to develop and may lack clarity in the absence of a structural
alert. In contrast, statistical methods allow the identification
of correlations across large datasets that might otherwise be
impossible to detect through manual inspection; however, they
can be prone to identifying correlations that are statistically
significant but biologically meaningless.?” To benefit from the
strengths of each methodology, a combination of both has been
used for predicting carcinogenicity based on the FDA-CDER
carcinogenicity database and, in conjunction with expert knowl-
edge, is the accepted overall approach for the use of (Q)SAR
to qualify drug impurities for mutagenic potential under the
newly released M7 guideline from the International Conference
on Harmonization (ICH).?

In addition to the general categories of statistical- and expert-
rule-based systems, (Q)SAR models can further be described as
local or global, reflecting the structural diversity of compounds
from which they are derived and for which they are applicable.
Local models are constructed using highly structurally similar
chemicals and have the advantage of providing more accurate
predictions for a specific class, but with the disadvantage of
having only a narrow region of chemical space in which they
are applicable. Examples of local models for carcinogenicity
include those for chemical classes such as aromatic amines*1213
and N-nitrosamines.? In contrast, global models are con-
structed using large and structurally diverse sets of chemicals
and can be used to predict toxicity across different structural
classes and chemical types. Such models show greater utility
in a regulatory setting, which can require assessment across
broad chemical structural space covering both drug-like and
industrial chemicals. Recently, the FDA-CDER carcinogenic-
ity database was used to construct new global (Q)SAR models
trained on non-proprietary data and externally validated by
using both proprietary and non-proprietary data for drugs
and industrial chemicals, in part from FDA archives. Overall
accuracy of these models ranged from 61% to 71%, with a focus
on negative predictivity (64% to 84%) and sensitivity (60% to
81%) to protect patient safety by minimizing the risk of a false
negative prediction.®

The use of (Q)SAR models for carcinogenicity may increase
as they become more widely accepted as a replacement for
conventional toxicology testing of pharmaceuticals. Indeed,
the relatively low cost in time and resources and the consist-
ency and transparency of predictions make them an attractive
choice for regulatory decision support, particularly when used
in combination with a more traditional ‘read-across” approach
to risk assessment. Furthermore, the scientific community has
adopted a set of principles outlined by the Organization for
Economic Cooperation and Development? for the validation
of (Q)SARs that provide clearer expectations of what model
characteristics are required for their use in a regulatory context.
(Q)SAR tools can be very powerful when used appropriately
and represent an increasingly reliable method for supporting
the safety assessment of drugs and drug products.

Current Options for Carcinogenicity

Assessment of Pharmaceuticals
ICH Guideline S1—Study options for small molecule pharma-
ceuticals. The current standard carcinogenicity study options
for small-molecule pharmaceutics are described in the 1997
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ICH guideline S1B, “Testing for Carcinogenicity of Pharma-
ceuticals.”'® Historically, the regulatory requirements for the
assessment of carcinogenic potential of pharmaceuticals con-
sisted of long-term studies in 2 rodent species, usually rats and
mice. This approach involves relatively large number of animals
to account for reduced survival and appropriate statistical
evaluations and is an expensive endeavor. Over time, investiga-
tions demonstrated that it is possible to provoke a carcinogenic
response in rodents by a diversity of experimental procedures
that may or may not be relevant to human risk assessment.
Therefore, the practice of requiring long-term carcinogenicity
studies in 2 species was examined by an Expert Working Group
of the ICH to determine whether it could be reduced without
compromising human safety.

On the basis of that examination,” the final ICH S1B recom-
mended a strategy in 1997 comprised of a single long-term
rodent carcinogenicity study, with the addition of one other
supplementary study to provide additional information that is
not readily available from the long-term assay. In the absence
of clear evidence favoring one species, the guideline recom-
mends the use of rats for the long-term assay. The additional
study can be either a short- or medium-term in vivo rodent test
system or a second long-term carcinogenicity study in another
rodent species.

Use of transgenic mice. Section 4.2.2 of the ICH S1B guideline
states that “additional in vivo tests for carcinogenicity” can be
used as the second carcinogenicity assay and can include the
use of transgenic mice. Studies in transgenic mice offer the ad-
vantage of requiring fewer animals per dose group (25 per sex
per group) compared with traditional 2-y studies (60 animals
per sex per group). This change in guidance was enabled by an
effort coordinated by the International Life Sciences Institute
and the Health and Environmental Science Institute in which 21
well-characterized materials, primarily pharmaceuticals, were
tested in a number of transgenic mouse strains.?’ The results
of these studies suggested that the transgenic models could
correctly identify human carcinogens and noncarcinogens.
However, a subsequent study? found that transgenic models
miss some known and probable human carcinogens, which
were only detected when the transgenic model was coupled
with the 2-y rat study. The selection of the specific test method
should be based on the overall weight of evidence (WOE) for
the assessment of carcinogenic potential.

Despite the flexibility in approaches described under the
current ICH S1B guidance, the majority of proposed carcino-
genicity assessment programs received by the FDA prior to 2013
consisted of a 2-y study protocol in mice in addition to a 2-y
study protocol in rats. Indeed, from 2002 to 2013, only about
25% of carcinogenicity assessments in mice were conducted in
transgenic strains, although this percentage was approximately
35% during 2010 to 2013. In 2013, a slight majority of proposed
mouse study protocols included an alternative mouse model.
Since 2005, more than 80% of the transgenic study protocols
received by the FDA were developed using the TgHras2 model
(internal FDA database). Figure 1 summarizes the FDA experi-
ence with alternative carcinogenic model protocols during 2002
through 2013.

The uncertainty of how a regulatory agency would view a
positive tumor response in a transgenic model, which is por-
trayed as a better predictor of human risk than are nontransgenic
models,®?° may be one explanation for the apparent resistance
to the increased adoption of transgenic models by the pharma-
ceutical industry. In addition, the continued requirement of a
2-y study in rats may temper the potential reduction in animal
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Year  Number alternative model protocols Other models
2002 10
2003 26
2004 17

p53+
5
9
7
2005 14 1
5
5
3
0
2
0
0

TgAC _ TgHras2
4 1

11 3
6
13
6
9
12
5
12
17
9
23

2006 13

2007 16

2008 16

2009 6

2010 14

2011 19

2012 12

2013 23 0
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Figure 1. FDA experience with alternative mouse carcinogenicity
models. The experience to date in 2014 is comparable to that in 2013.

numbers and savings in time, expense, and risk of using trans-
genic mice as the second species for evaluation.

ICH Guidelines S6 and S6(R1)—WOE approaches for biotech-
nology-derived products. ICH guidance S6, “Preclinical Safety
Evaluation of Biotechnology-derived Pharmaceuticals,” and
its 2012 addendum, ICH S6(R1),"”1? recommend the use of a
WOE approach for biotechnology-derived products when a
carcinogenicity assessment is warranted. The guidance states
that standard carcinogenicity bioassays generally are consid-
ered inappropriate for biotechnology-derived pharmaceuticals.
However, product-specific assessments may be needed depend-
ing on the treatment duration, patient population, or biologic
activity of the product. In specific cases, a single rodent species
may be considered.

When an assessment of carcinogenic potential is warranted, a
sponsor should design a strategy to address the potential haz-
ard. The strategy could be based on a WOE approach, including
a review of relevant data from sources such as published data,
information on class effects, target biology and mechanism of ac-
tion, in vitro data, and data from previously conducted chronic
toxicity studies and clinical trials. In many cases, this type of
assessment adequately addresses carcinogenic potential and
precludes the need to conduct additional nonclinical studies.
Rodent bioassays are not warranted when the WOE supports
a concern regarding carcinogenic potential (for example, im-
munosuppressives and growth factors). Conversely, when the
WOE assessment does not suggest carcinogenic potential, no
additional nonclinical testing is recommended. In all, these
recommended approaches reduce the unnecessary conduct of
formal carcinogenicity studies when alternate strategies are
available to address potential safety concerns for biotechnology-
derived products.

A Path Forward on Carcinogenesis Testing of

Pharmaceuticals

Familiarity with the conduct and limitations of the 2-y ro-
dent bioassay, the predictable regulatory expectations across
regions, and the acceptance of assay results by regulatory
agencies helped to establish the 2-y rodent bioassay as the
contemporary standard for assessing the carcinogenic potential
of pharmaceuticals.

Alternative approaches often aim to eliminate the 2-y rat
study altogether, with a notable exception'® to start dosing
in utero in an attempt to encompass a greater portion of the
rodent’s lifespan exposed to drug. Most hypothesize that
short-term toxicology findings can adequately predict a posi-
tive tumor outcome in 2-y rat studies, rendering the 2-y study
unnecessary. Support for this idea is found in organ-specific
assessments that demonstrate a positive correlation between
short-term toxicologic changes to long-term tumor outcome
for the liver, lung, and kidneys.58 This approach is potentially
useful for predicting a tumor response in these specific organs;
however, an analysis by the FDA found that findings from
short-term studies (for example, 3-mo toxicology studies,
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genotoxicity, metabolism, and pharmacology) poorly predict
long-term tumor outcome on a whole-animal basis,?! which
is the more relevant endpoint from the perspectives of risk
assessment and public health. Other approaches, including
epidemiologic methods, gene expression signatures, and
signaling pathway analysis, leverage known modes of human
carcinogenesis and may ultimately aid in predicting human risk
rather than the tumor outcome in rodents. 1114

An alternative approach to assessing carcinogenic potential
that has gained particular attention was published by a con-
sortium of interested pharmaceutical companies.?! Termed
NegCarc (Negative for Endocrine, Genotoxicity, and_Chronic
Study Associated Histopathologic Risk Factors for Carcino-
genicity), this proposal also is predicated on the hypothesis
that outcomes from studies substantially less than a 2-y dura-
tion can adequately predict tumor outcome from long-term
cancer bioassays. Whereas other efforts focused on in vitro or
3-mo short-term toxicologic findings indicative of a positive
tumor outcome in rats,> NegCarc proposed that the absence
of a specific set of toxicologic findings adequately predicts the
absence of drug-induced tumors in a 2-y rat bioassay. This
conclusion was based on the analysis of 182 marketed and un-
marketed pharmaceutical compounds voluntarily contributed
by participating companies. Provided that a compound 1) did
not result in “histopathologic risk factors of rat neoplasia” in a
6- or 12-mo toxicology study, 2) tested negative in all assays of
the ICH S2 genotoxicity battery, and 3) did not perturb hormonal
function by a WOE analysis, one could predict with 82% accu-
racy that such a compound would not produce tumors in a 2-y
rat study.>! For the 18% of compounds where the prediction of
a negative tumor outcome was wrong (that is, false negatives
wherein tumors were observed in the 2-y rat study), none were
interpreted as presenting a cancer risk to human subjects. If
regulatory agencies agreed to waive the 2-y rat study for com-
pounds with a NegCarc prediction of a negative tumor outcome,
the authors estimated that approximately 40% of 2-y rat studies
could be omitted from drug development programs without
compromising patient safety.3! Recognizing the importance
of this proposal and its potential effect on drug development,
the FDA initiated a study with the intent of applying NegCarc
as described in the Sistare publication®' to an independent set
of compounds from FDA’s archive. Analysis of 60 additional
marketed and unmarketed compounds yielded a similar rates
of negative predictivity and false negatives.'® Furthermore, the
Japan Pharmaceutical Manufacturers Association reported simi-
lar results from analysis of 65 compounds, although the degree
of compound overlap with the other datasets is uncertain.!
Nevertheless, 3 independently constructed datasets yielded con-
sistent predictive properties of NegCarc, increasing confidence
of a similar outcome should NegCarc be applied in the same
manner to current and future drug development programs.

A primary obstacle to regulatory adoption of NegCarc arises
from the definition of the 3 short-term toxicologic findings, or
criteria, and how they are applied to determine the necessity
of a 2-y rat study. Short-term toxicologic findings, as defined
under NegCarc, that would otherwise be considered of minimal
relevance to carcinogenic risk would nonetheless provide the
rationale for conducting a 2-y rat study or denying a waiver
request. For example, a drug-related positive result in a single
assay of the genotoxicity battery or hepatocellular hypertrophy
induced by a drug extensively metabolized by rat liver or a
drug-related increase in thyroid-stimulating hormone would be
individually sufficient to trigger the conduct of a 2-y rat study.
Indeed, among the cases where NegCarc indicated the need

for a 2-y study, approximately half were initiated due to a posi-
tive finding in only 1 of the 3 defined criteria.?! This empirical
approach is necessary to achieve the predictive properties of
NegCarc; if the criteria are narrowed by excluding toxicologic
changes perceived to be irrelevant to a tumor risk, its predic-
tive properties necessarily change in an undefined manner. In
addition, regulatory agencies may frequently be placed in the
untenable situation of denying a 2-y rat study waiver request
for reasons that are scientifically unjustified.

An equally concerning obstacle to adopting NegCarC,31 as
proposed, is the presumption that false-negative cases, or pre-
dicting as negative ‘true’ rodent carcinogens, would not have
implications for patient safety. In FDA’s experience, when an
unexpected cancer signal is uncovered in the course of phase
3 clinical trials or in postmarket experience with an approved
drug, the results of 2-y rodent studies are among the first data
reexamined in assessing plausibility of the clinical finding. This
observation alone demonstrates that sponsors and regulatory
agencies do find value from 2-y rat studies in specific situations.
In the absence of such information in cases where a waiver
was granted based on a prediction of minimal cancer risk, a
false negative would be suspected, and a 2-y study potentially
would be mandated as part of the strategy of investigating
the clinical signal. In this context, posthoc discovery of a cor-
roborative carcinogenic signal in rodents presents challenges
in assessing the appropriate action to be taken by the sponsor
and the regulatory agency.

Empirically derived decisions based on NegCarc data
frequently could arise from chance associations between the
toxicologic trigger and the observed tumor outcome in the
2-y rat study, yet this cost is necessary to achieve reasonable
negative predictivity with this method. Decades of experi-
ence with 2-y rodent bioassays and associated studies have
shown that some classes of nongenotoxic compounds result
in the same tumor profile with reasonable reproducibility.
For example, B2-adrenergic receptor agonists often result in
mesovarian leiomyomas, drugs with dopamine antagonist
activity result in mammary neoplasia, and agonists of peroxi-
some proliferator-activated receptor isotypes frequently result
in some combination of bladder, adipose, blood vessel, and
liver neoplasms in rodents.!%30 Rational explanations for many
drug class-related tumor responses in rodents are often found
from an understanding of the pharmacologic and pharmacoki-
netic properties of the drug class, as supported by mechanistic
studies. This information was absent in the NegCarc datasets
and therefore analysis of its potential use in predicting tumor
responses was not possible. With the cooperation of Sistare
and colleagues,®! the European Medicines Agency, and the
Pharmaceutical and Medical Devices Agency of Japan, the FDA
unblinded the NegCarc dataset regarding compound identifica-
tion and drug class. Upon inspection, it was determined that
a drug’s pharmacologic properties could reasonably account
for, and thus predict, the rodent tumor response in many cases
where NegCarc failed (that is, false negatives), a determina-
tion that has implications not only for better detection of false
negatives but potentially for all compound classifications in
the dataset.

This insight led to additional discussions between drug regu-
latory agencies (DRA) and pharmaceutical associations as part
of an Expert Working Group of the International Conference
on Harmonization. The working hypothesis, summarized in a
Regulatory Notice Document!® is that more rational predictions
of carcinogenic potential for rodents and potentially for hu-
man subjects could be achieved by considering pharmacologic
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properties of a given investigational drug in addition to the toxi-
cologic endpoints described in NegCarc.!® Furthermore, it has
been suggested that in silico models could provide additional
supporting information to this end.?? But unlike their empirical
application in the Sistare publication,’! the contribution of the
short-term toxicologic endpoints would be interpreted in the
context of the drug’s pharmacology and pharmacokinetics in
assessing whether a reasonable prediction could be made re-
garding carcinogenic risk. The Expert Working Group advanced
the following construct in the notice!® that attempts to describe
possible outcomes from a WOE evaluation for carcinogenic
risk, defining the circumstances under which a 2-y rat study
is needed to support drug development programs. Assuming
sufficient evidence, it may be possible to waive the need for a
2-y rat study when a compound fits the following criteria:

Category 1-a product is likely to be tumorigenic in humans;

Category 3a—a product is likely to be tumorigenic in rats but
not in humans through prior established and well-recognized
mechanisms known to be human irrelevant; or

Category 3b- a product is not likely to be tumorigenic in both
rats or humans.
When sufficient evidence is lacking or describes an equivo-
cal picture, then a product would be considered Category 2,
wherein a 2-y rat study is needed and could add value to assess-
ing carcinogenic potential. In cases where the WOE evaluation
is supportive of omitting the 2-y rat study, the Expert Working
Group proposed that either a 2-y mouse or a transgenic mouse
carcinogenicity study would still be needed in most cases.'®

The complexities in assessing carcinogenic risk of pharma-
ceuticals precludes, to some degree, simply prescribing what
constitutes sufficient evidence in support of these categoriza-
tions and will need to be informed by experience. To this end,
it is instructive to recognize that ICH S6(R1) does not overtly
prescribe specific elements to include in a WOE assessment
for carcinogenic potential of biotechnology-derived pharma-
ceuticals. Yet regulatory agencies are able to make decisions
regarding the need for 2-y rodent studies based on these WOE
arguments, even for biotechnology-derived pharmaceuticals
where a 2-y rodent study is feasible. But it is recognized
that small-molecule drugs will present a greater challenge
to any WOE assessment of carcinogenic risk compared with
biotechnology-derived products, because these two types of
product differ in some important aspects, particularly target
specificity and metabolism. Of some advantage, current in
silico models for carcinogenicity are designed for use on small-
molecule compounds, whereas they are not predictive for
biotechnology-derived pharmaceuticals. The added complexity
of small-molecule drugs suggests that a WOE approach might
be most successful in identifying only those drugs with the
clearest evidence of a human carcinogenic hazard (Category
1) and those that have minimal or no human risk (Categories
3a and 3b). It is reasonable to expect that the level of evidence
supporting the latter would be higher than for the former.

Identifying cases where evidence is insufficient or equivocal
will predictably be an easier task, thus supporting Category 2
status and the conduct of a 2-y rat study. Indeed, the majority
of compounds likely fall in this category. But here, too, a WOE
approach early in the drug development program, possibly
including in silico assessment, could afford greater flexibility
inidentifying a more rational and informative path forward for
addressing the carcinogenic potential of a drug, depending on
the issues specific to that drug.

Moving toward a WOE assessment of carcinogenic risk for
small-molecule products is not a novel concept”* but presents

Carcinogenicity assessments and the 3Rs

formidable challenges. The suggestion that carcinogenic po-
tential could be assessed adequately for some pharmaceuticals
without conducting a 2-y rat study comes from retrospective
analysis of the NegCarc dataset and others.”1%3* However,
there is no evidence that prospectively applying a set of WOE
criteria will acceptably predict the outcome and value of a 2-y
rat study or improve assessment of carcinogenic risk to human
subjects. In addition, the assessment of carcinogenic potential
is harmonized currently by the ICH S1 guidelines, which have
successfully set expectations for the pharmaceutical industry
and DRA worldwide. Moving toward an approach where DRA
draw decisions from review of a sponsor’s WOE assessment
will likely result in some degree of disharmony, because the
DRA may come to different conclusions regarding the necessity
of a 2-y rat study for the same investigational pharmaceutical.

Addressing these and other challenges associated witha WOE
approach is possible. The ICH Expert Working Group recently
has described a prospective study whereby WOE assessments,
or carcinogenicity assessment documents, are submitted volun-
tarily from pharmaceutical companies to DRA prior to initiating
2-y rat studies or before the results of an ongoing 2-y rat study
are known.!® These documents address the toxicologic and
pharmacologic aspects of the drug and any other information
the contributing sponsor considers pertinent to prospectively
categorizing their compound as Category 1, 2, or 3a/3b. The
DRA then independently evaluate the carcinogenicity assess-
ment documents in a blinded manner to arrive at their own
categorization for the compound, and record whether they
agree or disagree with the sponsor’s chosen category. The DRA
are blinded to the identity of the compound, the contributing
sponsor, and to each other’s deliberations prior to deciding on
the categorization of the compound. Predictions then would be
checked against the actual tumor outcome and value of the 2-y
rat study, once completed.

The experience gained and data generated from this prospec-
tive study could best address some critical issues that prior
retrospective studies could not address as well as provide a
more objective assessment of the proposed approach. The re-
sults would demonstrate just how accurately one can predict
the tumor outcome of a 2-y rat study based on a WOE assess-
ment. And, perhaps more importantly, those elements that were
most useful—or most misleading—in making those predictions
would be identified and the information used to improve future
predictive assessments. Differences in interpretation of data and
their potential consequences would be highlighted by determin-
ing the degree of concordance between the DRA and sponsors
regarding the categorical prediction in the carcinogenicity as-
sessment documents. The degree of discordance between the
DRA regarding the necessity for a 2-y rat study for the same
pharmaceutical would illuminate the degree of disharmony in-
troduced into drug development across regulatory regions with
a WOE approach. Although some discordance between DRA
and sponsors is expected, as is some discordance between DRA
on the necessity of a 2-y rat study, a high degree of discordance
in either measure would require remedy prior to the adoption
of any WOE-based approach.

Ideally, results from this prospective study would help
define the circumstances under which a 2-y rat study meaning-
fully contributes to understanding the carcinogenic potential
of a compound. Equally important, the circumstances under
which a 2-y rat study did not prove useful in understanding a
compound’s carcinogenic potential would be captured as well.
Recognizing such cases would greatly aid in moving assess-
ment of carcinogenic potential of pharmaceuticals away from a
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screening activity and toward a more rational and informative
assessment framework.

Conclusions and the Future of Carcinogenicity
Testing

Efforts to develop strategies to better predict human cancer
risk associated with pharmaceuticals and reduce the use of ani-
mals overall are progressing. This advance is evident when one
considers the strategies described in the ICH S1 guidelines and
the current efforts in building improved in silico methods and
refining in vivo strategies. Flexibility exists in the contemporary
approaches to assessing carcinogenicity of pharmaceuticals:
WOE evaluations are encouraged for biologic products even
when 2-y studies are feasible and shorter-term transgenic
mouse studies and other alternatives described in S1B may be
proposed in place of a 2-y mouse study for small molecules. In
some circumstances, evaluation in one species can suffice and
the timing of the study delayed to the postapproval period.
Looking ahead, current deliberation at the ICH could further
extend flexibility by recommending a WOE analysis in place of
the 2-y rat study under certain conditions, as a complement to
a transgenic mouse or 2-y mouse study.

A key shortcoming of many efforts to date is the use of data
from 2-y bioassays as the ‘gold standard’ despite their rec-
ognized limitations. Many positive responses in rodents are
unlikely to represent human risk, but the reverse is true as well:
a negative response in rodents may not always translate to a
lack for human risk. Some drugs can only be tested in rodents
at a fraction of human clinical exposures, and the negative
results in those studies could represent false negatives. For the
purposes of in silico modeling, standardized data sets for human
carcinogenicity are too sparsely populated to develop robust (Q)
SAR models; however, newer rodent carcinogenicity datasets
capturing specific tumor type information may provide a path
forward to elucidating the difference between human-relevant
and nonrelevant predictions of rodent carcinogenicity.

Perhaps the best way to make progress in identifying human
cancer risk from pharmaceutical exposures is to study humans.
Phase 1 clinical trials often involve tolerability studies in which
participants are dosed at levels well beyond what will become
standard clinical dosages. Late-stage studies can involve large
numbers of patients exposed for weeks, months, and sometime
years. Study participants can be evaluated prior to drug dosing
and at intervals during the course of the trials. Obviously, the
tissues that can be evaluated are limited but may still provide
a window into biologic changes that presage increased risk for
cancer. Accepted and validated endpoints necessary to monitor
potential cancer risk in clinical trial subjects remain exploratory
and are unavailable; therefore animal studies will necessarily
remain the standard by which cancer risks for new pharmaceuti-
cals is assessed. Yet efforts to develop robust methods for clinical
monitoring of potential cancer risks from pharmaceuticals may
be more fruitful than building a better rodent bioassay.
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