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Abstract
The first “R” from animal research ethics prescribes the replacement of animal experiments with animal-free
alternatives. However, the question of when an animal-free method qualifies as an alternative to animal
experiments remains unresolved.

Drawing lessons from another debate in which the word “alternative” is central, the ethical debate on
alternatives to germline genome editing, this paper develops a general account of when something qualifies
as an alternative to something. It proposes three ethically significant conditions that technique, method, or
approach Xmust meet to qualify as an alternative to Y: (1) Xmust address the same problem as Y, under an
appropriate description of that problem; (2) X must have a reasonable chance of success, compared to Y, in
solving the problem; and (3) X must not be ethically unacceptable as a solution. If X meets all these
conditions, its relative advantages and disadvantages determine whether it is preferable, indifferent, or
dispreferable as an alternative to Y.

This account is then applied to the question of whether animal-free research methods qualify as
alternatives to animal research. Doing so breaks down the debate around this question into more focused
(ethical and other) issues and illustrates the potential of the account.
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Introduction

The first of the famous “3Rs” from animal research ethics essentially stipulates that experiments on
animals, where possible, should be replaced by tests on entities that cannot suffer from being
experimented on—reducing the number of animals used and refining experiments becomes relevant
only when animal experiments are indicated at all.1 Although the original formulation of the 3Rs
by William M.S. Russell and Rex L. Burch in 1959 avoided using the word “alternative,” this first R
has come to be interpreted as prescribing the substitution of animal experiments by animal-free
alternatives.2

Striving to replace animal experiments with animal-free alternatives is arguably a (minimal) ethical
requirement that follows from the recognition of test animals’ intrinsic value. European Union (EU) law
acknowledges this ethical requirement by prescribing the use of nonanimal alternatives wherever
possible and urging for the development and validation of such approaches.3 Member states have
accordingly deployed various initiatives to develop state-of-the-art animal-free research approaches,4

but some still consider current efforts inadequate. Common criticisms are that these efforts have not
significantly reduced the number of animal experiments because animal-free alternatives, in practice, are
often applied as an addition to rather than as a replacement of animal experiments,5 and because such
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experiments are inappropriately treated as setting an epistemic “gold standard” that animal-free
alternatives must meet.6,7

The notion of an “animal-free alternative” thus has ethical, legal, and policy-related significance.
When some animal-free alternative to animal experiments has been developed, there is at least an ethical
reason to consider replacing the latter, and possibly a legal requirement to actually do so. But a
satisfactory account of when an animal-free research method qualifies as an alternative to animal
experiments appears to be lacking. While there are many publications that discuss potential alternatives
to animal testing,8,9,10 such publications rarely consider what the word “alternative” means. Moreover,
contributions that do raise this question still do not answer the question of when an animal-free method
qualifies as an alternative to animal experiments. For example, Joanne Zurlo et al. define a “replacement
alternative” as a methodology that “entirely eliminates the need for animal testing” and offer some
examples of replacement, but these authors do not explain under which conditions a methodology
eliminates the need to experiment on animals.11 Oliver Flint instead speaks of alternatives as “other tests
than the ones we conventionally use, that (…)might be appropriate, possiblymore appropriate” than the
conventional tests.12 The obvious question here, which Flint does not address, is when it is appropriate to
use animal-freemethods rather than animal experiments. Finally, Bernice Bovenkerk and Lonneke Poort
ask “What counts as an alternative?” in a section title, but do not actually answer this question; instead,
these animal ethicists only offer some examples of moral questions relating to alternatives to animal
experiments.13

Some might insist that determining whether animal-free methods can be considered alternatives to
animal experiments should be done on purely scientific grounds. Defenders of animal research often
argue that in vitromethods, for example, do not qualify as alternatives formany types of animal research,
because research on cultured cells or organoids does not allow drawing valid conclusions concerning
whole organisms.14,15 They point out that therapies that seem to be safe and effective on the basis of
in vitro methods may prove harmful to complete organisms, because these methods cannot adequately
model the complex interactions that take place between different systems in actual living beings. For the
same reason, in vitro methods could not adequately replace animal experiments that aim to increase
scientific understanding of complex biological processes. Similar arguments would apply to other
animal-free research methods, such as methods based on computer simulations (in silico research
methods).

This paper argues, however, that the question of whether an animal-free method qualifies as an
alternative to animal testing cannot be decided solely on the basis of scientific arguments but requires
ethical discussion. Drawing lessons from another ethical debate in which the word “alternative” is
central, the debate on germline genome editing and its alternatives, this paper proposes three conditions
for when something qualifies as an alternative to something else. These three conditions can be
summarized in the following principle: X is an alternative to Y if X offers a reasonably effective and
ethically acceptable response to the same problem as Y, under an appropriate description of that problem.
If X meets all these conditions, its relative advantages and disadvantages determine whether it is
preferable, indifferent, or dispreferable as an alternative to Y.

Meeting certain epistemic conditions is on this account a necessary but insufficient part of what it
means to qualify as an alternative. Ethical conditions also apply: They are relevant independently and
co-determine whether epistemic criteria are appropriate. The account developed in this paper not only
brings conceptual clarity into discussions on animal-free alternatives by analyzing the notion of “an
alternative” but also raises important questions to be addressed in such discussions. How should the
problem addressed by animal testing and animal-free alternatives be described? When should a
response to this problem be considered “reasonably effective,” and when is such a response “ethically
acceptable?” How these questions are answered depends in part on the ethical presuppositions made
and determines when animal-free methods should be considered alternatives to animal experiments.
Importantly, this paper does not answer the question of when animal experiments must from a legal
perspective be replaced by animal-free methods. But it does advance the ethical debate on animal-free
alternatives and investigate the potential of the account to bring focus into discussions on alternatives
more generally.
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Lessons from the Ethical Debate on Human Germline Genome Editing and Its Alternatives

Germline genome editing (GGE) is the application of genome editing techniques such as CRISPR-Cas on
early-stage embryos or reproductive cells, with the aim of correcting heritable genetic defects that could
lead to disease or disability. In contrast to somatic genome editing, GGE alters the genetic material that
an edited human would pass on to future generations. This means that GGE has the potential to prevent
the spread of genetic conditions to the next generation as well as later generations. This multigenera-
tional impact is considered not only a potential advantage but also a risk: Any undesirable effects of
intended and unintended genetic alterations would also be passed on to and spread among future
generations.16 A central issue in the ethical debate is therefore whether there are alternatives to GGE,
with some arguing that clinical applications of GGE should only be developed if reasonable alternatives
are lacking.17,18,19

The word “alternative” is sometimes used in this context, somewhat loosely, to stand for a technique
that can achieve the same ends as a different technique.20 The technique to which GGE is typically
compared is preimplantation genetic diagnosis (PGD), which involves generating embryos by in vitro
fertilization and implanting embryos that, according to genetic testing, lack the genetic predisposition(s)
of interest. PGD, in many cases, would qualify as an alternative to GGE because both techniques would
enable prospective parents to have healthy children that are genetically related to them.21,22,23

Although the word “alternative” is typically used to indicate merely that PGD and GGE can often
achieve the same ends, Giulia Cavaliere explains more explicitly in what sense these techniques can be
considered alternatives: They both “represent a solution for those prospective parents whose problem is
the impossibility of having a genetically related and healthy child.”24 It is recognized in the literature that
how the problem or end is described makes a difference in which options can be considered alternatives.
For example, if the endwould be described as “not having unhealthy children,” then not conceiving could
be considered an alternative, and if it would be described as “having healthy children,” then adoption
could achieve the same end.25,26 However, these descriptions of the end to be achieved are usually
considered inappropriate. Prospective parents generally want to have genetically related yet healthy
children, and procreative autonomy is considered ethically important; it is therefore commonly argued
that procreative techniques should enable prospective parents to fulfill this wish.27,28,29,30 But there are
also authors who dispute that procreative autonomy justifies developing biotechnologies such as GGE.
For example, Dieter Birnbacher questions whether the desire to have genetically related children
outweighs the risks and harms involved in applying GGE,31 and Sarah Franklin argues that this desire
rests on outdated notions of kinship.32 The point is that whether other procreative options count as
alternatives to GGE depends on how the end of applying GGE is described, which raises the question of
what this end ought to be. This is an ethical question.

Even when there is agreement on the proper description of the problem, there can still be disagree-
ment on what counts as a solution to that problem. The main issue here is how effectively, or with what
likelihood, a method or technique solves the problem. PGD is sometimes rejected as an alternative to
GGE for some conditions because the chance that embryos will be generated that lack the genetic
condition is considered too low.33 This is reasonable: A technique can hardly be considered an alternative
solution to a problem if it is unlikely to actually solve that problem. But when is a chance of having
healthy children through PGD considered “too low?” Is a 75% probability of success too low? And how
about a chance of 25%, or 1%? The answer will presumably depend on a comparison with GGE; it seems
reasonable to discard PGD as an alternative only if the chances of success aremuch higher by using GGE.
But the respective chances of success are not all-important. PGD may be justifiably entertained as a
possible alternative to GGE on the basis of other considerations. For example, even if GGE may, in
certain cases, be more effective than PGD, the associated risk may also be greater.34,35 Conversely, some
have argued that GGE is morally preferable because it involves treating rather than selecting out
(potential) individuals with genetic predispositions for disease.36 The point is that rejecting either option
solely because it has a somewhat lower chance of success would disallow taking any relative advantages of
this option into consideration. It thus seems that although a technique’s effectiveness in solving a
problem (under an appropriate description of that problem) is important, it may qualify as an alternative
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solution even if its chances of success are somewhat lower than those of some other technique: A
technique may have different advantages that make it worthy of consideration.

This analysis of the ethical debate onGGE and its alternatives offers useful input for a general account
of when something is an alternative for something, which could then be applied in a range of contexts,
including discussions on animal-free research methods and whether they can be considered alternatives
to animal testing. The next section extends upon the analysis offered here to sketch such a general
account.

A General Account of What It Means for Something to Be an Alternative to Something

Abstracting from the preceding analysis of the debate on GGE and its alternatives, a tentative account of
when something qualifies as an alternative to something else can be sketched. An alternative is an
approach or technique that can achieve the same end or solve the same problem as the technique to
which it is compared. However, technique X only qualifies as an alternative to technique Y if it addresses
the same problem as Y under an appropriate description of that problem and if it has a reasonable chance
of success in solving that problem. This does not mean that X must be at least as likely as Y to solve the
problem; other considerations also count in deciding whether a technique deserves to be treated as an
alternative.

The preceding analysis thus suggests that X qualifies as an alternative to technique Y only if it meets
the following conditions:

(1) X addresses the same problem as Y, under an appropriate description of that problem.
(2) X has a reasonable chance of success, compared to Y, in solving the problem.

However, this provisional account still seems incomplete. Suppose that a young and fertile pair of
prospective parents hope to have at least one healthy child but have a 75% chance that any child they
conceive will have some serious genetic condition. If the aim of procreative interventions like PGD and
GGE is appropriately described as enabling parents to have genetically related and healthy
children,37,38,39 then an alternative approach would be to let these parents conceive in the conventional
way and abort every fetus that, according to genetic screening, carries the condition of interest. Even
deciding to carry affected fetuses to term and letting them die shortly after birth would seem to qualify as
an alternative solution to their problem; given enough time, the couple would, in either scenario, have a
good chance of ending up with at least one unaffected child that is genetically related to both parents.
Such approaches are rarely even entertained as alternatives to PGD and GGE, however, because they
seem so obviously unethical. It seems appropriate to reject such alternative “solutions” outright, which
motivates adding a third criterion:

(3) X is not ethically unacceptable as a solution to the problem also addressed by Y.

There can be disagreement, of course, on whether some ethical objection against X is decisive. For
example, the fact that PGD involves discarding embryos that are considered unsuitable or superfluous
makes PGD unacceptable to some people but not to others.40,41 The possibility of disagreement on
whether this condition is met does not make it any different from the other conditions, however.
Whether a description of a problem is appropriate is a normative issue that allows for disagreement, as
we have seen earlier, and the same applies to whether a chance of success is reasonable. This does not
mean that the conditions proposed are invalid or useless. Rather, these conditions make explicit that the
question of whether something qualifies as an alternative to something is an inescapably normative issue
and break it down into a number of separate issues.

These three conditions can serve to distinguish between potential responses to a problem that merit
further consideration and those that do not. Approaches that address the right problem (appropriately
described), that are sufficiently likely to solve it, and that are not obviously unacceptable from an ethical
perspective deserve to be compared seriously, while approaches that do not meet all of these conditions
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fail to qualify as alternative solutions to the problem and can be rejected outright. This arguably resonates
with the pragmatics of presenting something as an alternative to something else. Someone presenting
GGE as an alternative to PGD suggests that GGE deserves to be considered seriously as a different (and
perhaps better) solution to the same problem.42 But she may not want to suggest that adoption also
deserves discussion as an alternative—she might, for example, discard adoption as an option because it
does not enable prospective parents to have children that are genetically related to them. The pragmatic
point of presenting alternatives is not to expand the discussion to include all possible approaches to the
problem under consideration but only to include those that one considers worthy of serious discussion.

There is more to the pragmatics of proposing something as an alternative to something, however. As
explained earlier, PGD has been presented as an alternative to GGE mainly because of the multi-
generational risks associated with the latter,43 while GGE has been presented as an alternative to PGD
because the latter could not be applied in some cases44 and involves discarding viable embryos.45 In both
cases, what is proposed as an alternative is presented as potentially preferable, given certain objections to
the other technique. However, it is also possible to present an alternative as equally acceptable, or even
just sufficiently acceptable compared to another technique. Some have, for example, argued that
prospective parents should, as a matter of reproductive autonomy, have the right to use GGE rather
than PGD.46,47 This argument does not presuppose that GGE is preferable to PGD and only that it would
be acceptable for prospective parents to choose the former over the latter.

These different pragmatic aims can be clarified by distinguishing between indifference and preference
relations in subjective comparative evaluations of alternatives.48 Indifference means that a subject
evaluates alternatives as having equal value, while preference means that one alternative is considered
better than another. Importantly, indifference does not imply that the alternatives are valued equally in
every respect: Alternatives X and Y can also be evaluated as having equal value when X and Y both have
some advantage(s) over each but neither advantage is decisive in the subject’s comparative evaluation of
each alternative.49 One might, for example, judge that PGD is less risky but also less likely to result in the
birth of a healthy child than GGE and end up without a clear preference for either technique. Similarly,
when a preference relation does obtain, it does not follow that the preferred alternative is preferred in
every respect: The alternative that is valued higher overall may still have some relative disadvantages.50

Finally, preferring one alternative over the other does not imply that one must consider that other
alternative unacceptable. Although one should, according to rational choice theory, choose the preferred
alternative, one may consider the other alternative an acceptable choice, for oneself or for others.51

An account of what itmeans for something to be an alternative to something should hence distinguish
between different ways of being (considered) an alternative to something: Option X can be an alternative
to option Y and be (a) preferred over Y, (b) valued equally to Y, or (c) dispreferred to Y (but still
considered acceptable). These different comparative evaluations arguably come into play only when the
three conditions that were offered earlier are met. When the first three conditions have resulted in a
preselection of options to be considered seriously, the following general criteria determine how these
options ought to be ranked:

(4a) If X has some advantages over Y that outweigh any disadvantages that X has relative to Y, then
X is a preferable alternative to Y.

(4b) If X does not have any advantages over Y that make X overall preferable to Y and X does not
have any disadvantages compared to Y that make Y overall preferable to X, then X is an indifferent
alternative to Y.

(4c) If X has some disadvantages compared to Y that overall outweigh any advantages that X has
over Y, but X is still overall acceptable, then X is a dispreferable alternative to Y.

It is also possible at this point that X is judged to have disadvantages that make X unacceptable as an
approach to the problem to be addressed. In that case, it turns out that, although the approach considered
was prima facie acceptable and thus apparently met condition 3, it is ultima facie unacceptable. The
approach then fails to qualify as an alternative to Y on closer inspection.
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In sum, X is an alternative to Y if X offers a reasonably effective and ethically acceptable response to the
same problem as Y, under an appropriate description of that problem. If criteria 1 through 3 are met, the
balance of relative advantages and disadvantages determines whether X is preferable, indifferent, or
dispreferable to Y. Judgments on the relative advantages and disadvantages of alternatives obviously
include ethical considerations—for example, with respect to the acceptability of taking multigeneration
risks in GGE or discarding embryos in PGD. But the discussion in this section also shows, perhaps less
obviously, that normative considerations are involved in deciding whether some approach to a problem
deserves discussion as an alternative in the first place. The account developed is summarized as a
flowchart in Figure 1.

Applying the General Account to Animal Testing and Animal-Free Alternatives

The account developed in the previous section can be applied to the question of when animal-free
research methods qualify as alternatives to animal research. Doing so clarifies the concept of “an
alternative” that is obviously central in discussions around this question, helps to structure the discussion
by breaking the question down into more focused questions, and makes the ethical dimensions of the
discussion explicit. At the same time, the application offered in this section substantiates the general
account of when some technique, method, or approach qualifies as an alternative to some other
technique, method, or approach.

Broadly speaking, the end of animal research is to produce scientific knowledge about biological
processes or about the safety and clinical efficacy of (therapeutic) interventions in such processes. On a
loose understanding of what it means for something to be an alternative to something, animal-free
methods that aim to achieve this same end could be considered alternatives to animal testing. On the

Figure 1. Flowchart summarizing the general account of when some technique, method, or approach X qualifies as a preferable,
indifferent, or dispreferable alternative to technique, method, or approach Y.
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account developed in the previous section, however, more analysis is required to settle whether or not
animal-free methods qualify as alternatives to animal experiments.

Following condition 1, one should first consider whether animal-free methods address the same
problem as animal experiments, under an appropriate description of that problem. Defenders of animal
research often argue that animal-free methods do not yield scientific knowledge about the biological
processes taking place in complete organisms, nor about the safety and efficacy of interventions in such
complex processes.52,53,54 This suggests that the problem for which animal-free methods ought to be a
solution is not appropriately described as “producing scientific knowledge about biological processes or
about the safety and clinical efficacy of interventions in such processes”: What should apparently be
added is that the knowledge to be produced must concern biological processes “as these take place in
complete organisms.” Adding this clause to the description of the problem would apparently mean that
animal-free methods would fail to qualify as a solution.

One might reply, however, that animal-free research methods do (at least indirectly) aim to produce
knowledge about biological processes that take place in complete organisms. Granted that cell lines,
organoids, computer simulations, and the like are only “models,” in the sense that they are simplified
representations of the processes going on in actual organisms, their function can be to address questions
about such complex processes, for example, questions about the safety and efficacy of pharmaceutical
interventions in actual humans with certain pathogenic conditions. It can, of course, be doubted that
in vitro or in silico models yield sufficiently reliable or informative answers to such questions. But that
does not mean that animal-free research methods do not address the right problem and thus fail to meet
the first condition for being an alternative to animal research. Rather, they would address the right
problem—appropriately described as “producing scientific knowledge about biological processes or
about the safety and clinical efficacy of interventions in biological processes, as these take place in
complete organisms”—but possibly fail to be an effective response to this problem.

This leads us straight to the second condition for when something qualifies as an alternative to
something, which requires animal-freemethods to have a reasonable chance of success in achieving their
proper end. As just discussed, it can certainly be questioned whether animal-free methods meet this
condition: It can be argued that research on animal-free models does not yield reliable insights with
respect to biological processes as they occur in actual organisms, and thus there are no reliable answers
with respect to the safety and efficacy of interventions in such processes.55,56 But it would be too hasty to
conclude that animal-free research methods do not meet condition 2 and therefore fail to qualify as
alternatives to animal research. Three relevant observations can be made here.

First, the extent to which answers provided by animal-free research methods are reliable may differ
depending on the model used and the specifics of the process studied. Even if some models are
unsatisfactory in general and some processes are too complex to be studied effectively by animal-free
research methods, it does not follow that there are no significant biological processes that can be
adequately studiedwithout animal research.57,58 The question of whether animal-freemethods qualify as
alternatives to animal research is too broad: The question “Do animal-free methods qualify as alterna-
tives to animal research for this type of research question?” is more relevant, in practice.

Second, condition 2 states that animal-free researchmethodsmust be sufficiently effective approaches
to the research problem. Animal-free methods that are reasonably reliable do not necessarily have to be
as reliable as animal research to qualify as alternatives.59 Animal-free methods may deserve serious
consideration as alternatives to animal tests on the basis of other relative advantages, notably the
avoidance of harm to test animals. When a research method is “sufficiently” or “reasonably” reliable
is a normative issue, however, and is arguably sensitive to context. For example, generating a less reliable
answer with respect to a therapy’s efficacymay be reasonable whenmild conditions (such as nail fungus)
are involved, but not when addressing serious conditions (such as stroke). The point is that other ethical
considerations with respect to a research approach may, in some cases, deserve to be prioritized over
epistemic considerations, such as its reliability or scientific validity. This is widely acknowledged in
research with human test subjects: Ethical requirements set constraints on studies that can override
epistemic considerations.60 At a veryminimum, recognizing nonhuman animals as beings who also have
intrinsic value requires being prepared toweigh their interests against human interests,61 and this implies
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that the human interest in maximizing the epistemic quality of biomedical research might sometimes
have to yield to animal interests.

It deserves note that Article 47 of the European Directive on the protection of animals used for
scientific purposes does suggest that animal-free alternatives must be at least as good, from an epistemic
perspective, as animal experiments: This Article speaks of animal-free alternatives “as approaches which
could provide the same or higher levels of information as those obtained in procedures using animals, but
which do not involve the use of animals.”62 Settling how Directive 2010/63/EU is to be interpreted is
beyond the scope of this paper, but what should be recognized is that the Directive addresses when
animal-free alternatives must by European law be used instead of animal experiments. Even when
replacing animal experiments is not obligatory according to current legislation, the question remains
whether switching to animal-free research methods is ethically desirable, and this question cannot be
answered on the basis of epistemic considerations alone. Neither can ethical questions be avoided by
appealing to authoritative formulations of the principle of replacement: any interpretation of the 3Rs that
categorically prioritizes the human interest in producing the highest-quality knowledge over animal
interests seems objectionably anthropocentric.63,64

Third, recall that condition 2 stipulates that approach or technique X must have a reasonable chance
of success in solving the problem compared to approach Y. If PGD is quite (e.g., 75%) likely to result in
healthy and genetically related children for some couple, then GGEmust also be relatively likely to have
the same outcome to qualify as an alternative to PGD. Conversely, it is unreasonable to expect an
alternative to Y to have a high chance of success if Y is not a very effective solution either. It deserves note
here that animal research has proven not to be highly reliable, in many areas of biomedical research,
when it comes to predicting the safety and therapeutic effectiveness of substances for humans.65,66,67

Although animal research is still treated as the “gold standard” in biomedical research,68,69 the inherent
biological differences between test animals and humans limit how well findings from animal research
translate to humans. A main motivation to develop animal-free methods is indeed to improve success in
predicting the outcomes of research on human subjects.70,71 This suggests that animal-free methods
often do not have to be highly reliable to qualify as alternatives to animal experiments.

Turning to condition 3, which stipulates that a method or technique should be (at least prima facie)
ethically acceptable to qualify as an alternative, it seems that animal-free research methods easily meet
this condition. Animal rights proponents might indeed turn the tables by arguing that most animal
research fails to meet this condition. Even if certain nonharmful experiments are ethically permissible,
most experiments involve harming or killing animals and thereby fail to respect animals’ moral
rights.72,73 An animal rights view would thus imply that animal experiments typically fail to qualify as
alternatives to animal-free research methods regardless of the reliability or scientific validity of either
approach. But even if animal research is not considered categorically wrong, it is difficult to come upwith
an ethical perspective on which animal-free research would be clearly ethically unacceptable, assuming
that it addresses the same problem as animal research and does so with a reasonable chance of success.

There are serious objections against one type of research that can in a sense be considered animal-free,
namely experiments on human test subjects. Using humans in the types of experiments usually
performed on nonhuman animals is generally considered unethical,74,75 except when animal research
has already established that the experiments will probably be safe for human subjects. Performing such
experiments is also simply illegal in many countries and therefore cannot be an alternative to animal
research from a legal perspective either. While the legal limitations on performing experiments on
humans are beyond the scope of this paper, there are examples of animal research where conducting a
study directly on humans would apparently be acceptable from an ethical perspective.76

First, consider studies that mimic interventions in human lifestyles in test animals by subjecting them
to different feeding regimens, lighting schedules, and so forth. It is already quite clear that interventions
with respect to physical exercise and diet are safe and can be effective against the negative health
consequences of overeating, nightwork, and so forth. Studying humans rather than animals may not
allow performing a randomized controlled trial with outcomemeasures that require performing invasive
procedures but can be ethically acceptable (and at least in some cases arguably valid enough), given an
appropriate study design.
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Second, some animal studies aim to “optimize” therapies that are already approved and used in the
clinic. It seems ethically acceptable to perform such studies directly in human patients, provided that the
therapy’s parameters (e.g., dosing, timing, and combination with other therapies) are varied within very
safe margins and that general ethical conditions for research with human patients77,78 are met. The
extent to which therapies can be optimized for human patients through animal experiments seems
limited anyway, given the biological differences between humans and animals such as mice,79 which
suggests that such therapies often have to be optimized again in clinical research.

Establishing exactly when it is acceptable to experiment directly on humans (and when such
experiments meet conditions 1 and 2 as well as all legal requirements) is beyond the scope of this paper.
The point argued for here is merely that there may well be cases in which experimenting directly on
humans rather than doing animal experiments is ethically justifiable. This means that condition 3 does
not necessarily exclude that studies with human subjects can qualify as alternatives to experiments
performed on animals; whether particular studies with human subjects are ethically acceptable may
deserve discussion.

In conclusion, it seems that animal-free research methods can qualify as alternatives to animal
research. Even if animal-free research models are simplified representations of complex biological
processes, it can be argued that they do (indirectly) address the right problem, which it seems appropriate
to describe generally as “producing scientific knowledge about biological processes or about the safety
and clinical efficacy of interventions in biological processes, as these take place in complete organisms.”
This means that condition 1 is met. Whether animal-free research methods meet condition 2 is
contentious and is likely to depend on a project’s specifics. It is important to note here, though, that
the question of whether an approach is sufficiently or reasonably reliable has ethical as well as epistemic
dimensions, and that this criterion does not require animal-free researchmethods to be at least as reliable
as animal research.Moreover, animal research has itself proven not to predict the effects of substances on
humans very reliably, at least in some areas of biomedical research; it thus seems inappropriate to treat
animal research as a gold standard that would set very high epistemic conditions for when animal-free
methods qualify as alternatives. Finally, it seems that animal-free alternatives typically meet condition
3, as there are no clear ethical objections against animal-free research as such. Even experimenting
directly on human patients may occasionally meet this condition and qualify as an alternative to animal
research.

None of this implies that animal-free research approaches that meet conditions 1–3 are preferable to
animal experiments. Conditions 4a–4c clarify that one can also be indifferent between animal-free
alternatives and animal experiments or even prefer the latter. To be sure, animal-free alternatives have
one clear advantage over animal experiments that deserves recognition from any reasonable ethical
outlook: They avoid using animals and causing them suffering?. But at least in a consequentialist
framework, this can be offset by the epistemic disadvantages of animal-free research—such as a lower
validity or reliability—insofar as these are ethically relevant.80 Deciding whether animal-free methods
are ultima facie preferable, indifferent, or dispreferable compared to animal experiments, or indeed
whether any such method qualifies as any type of alternative at all, is beyond the scope of this paper; I
argued earlier in this section that the answers to such questions are likely to differ according to the
research methods considered.

The preceding discussion does challenge treating animal experiments as a gold standard that would
set very high epistemic conditions on when animal-free methods qualify as alternatives. Not only is it
inappropriate to place high epistemic demands on animal-free alternatives in domains where animal
research has proven to be unreliable, but also focusing one-sidedly on epistemic considerations is
objectionable. Epistemic desiderata must be weighed against (other) ethical considerations, as is
generally recognized in human research ethics, and the recognition of the moral status of animals
implies that animal research ethics should be no exception.

This section aimed to bring clarity to debates around animal-free alternatives to animal experiments
by applying the account developed in the previous section. Applying conditions 1 through 3 showed that
the question of whether an animal-free approach qualifies as an alternative at all—whether preferred,
indifferent, or dispreferred—can be broken down into several questions that each has ethically relevant
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dimensions. While conditions 4a, b, and c were not applied in an effort to settle whether animal-free
research methods that meet conditions 1 through 3 are preferable, indifferent, or dispreferable alterna-
tives to animal experiments, they do show how discussions on animal-free alternatives can be focused
further.

Conclusion

Inspired mainly by discussions about germline genome editing and its potential alternatives, this paper
developed a general account of when something (a technique, method, or approach) qualifies as an
alternative to something else. It proposed three conditions that can be summed up in the following
principle: X is an alternative to Y if X offers a reasonably effective and ethically acceptable response to the
same problem as Y, under an appropriate description of that problem.

This general account was then applied to the debate about animal-free alternatives to animal research,
which, as was noted in the Introduction, suffers from the lack of such an account. In doing so, this paper
showed that the question of whether animal-free research methods qualify as alternatives to animal
experiments breaks down into several questions that each involve several ethical dimensions. Even the
question of whether animal-free research methods are “sufficiently” or “reasonably” reliable or valid is
not simply a scientific or epistemic question. The distinction that was made between preference,
indifference, and dispreference with regard to alternatives, finally, allows animal-free research methods
to still qualify as alternatives to animal experiments even if the latter are preferred for epistemic reasons.
An important implication is that ethical discussions with regard to animal-free alternatives cannot be cut
short by insisting on the epistemic limitations of animal-free research: Even if animal experiments are
preferable from an epistemic perspective, which is not evident for all domains of biomedical research,
this does not exclude that animal-free approaches are acceptable or even preferable from a wider
perspective.

The account proposed in this paper can thus bring more clarity into debates around animal-free
alternatives to animal testing but applies much more widely. In any discussion in which different
techniques or approaches to some problem are compared, this paper offers an alternative to using the
word “alternative” uncritically.
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