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Abstract

The aim of this paper is to shed light on and critically evaluate the potential impact
of evidential pluralism in the realm of pharmaceutical regulation. In the complex
landscape of drug evaluation and approval, the role of evidence is pivotal. Firstly,
we delve into the role of evidence of mechanisms within drug regulation, with a
particular focus on the Accelerated Approval pathway administered by the US Food
and Drug Administration. Our analysis reveals that this program, in practice, closely
resembles a pluralistic approach to evidence. Secondly, we undertake a thorough
examination of the reliability of evidential pluralism within the context of drug
regulation. We dissect and discuss the open-cases approach recently put forth by
Sung and Holman. While acknowledging its potential merits, we also identify and
articulate significant limitations inherent in this approach. Finally, we propose an
alternative empirical approach that centres on the real-world outcomes of regula-
tory programs.
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1 Evidential pluralism in medicine

In the last decades, philosophers of science have engaged in extensive discussions
regarding the use of scientific evidence in the process of making policy decisions.
These debates have often taken an epistemological perspective, deliberating on
the types of evidence that can more effectively bolster and validate policy choices.
Within the domain of the philosophy of medicine literature, the emphasis has been on
the Evidence-Based Medicine (EBM) paradigm.

EBM, as a distinct epistemic framework, was introduced in the early 1990s. Its
central tenet is the conscientious, explicit, and judicious use of current best evidence
in clinical practice and decision-making (Sackett et al., 1996). As such, EBM de-
emphasises expert intuition and mechanism-based reasoning. In this framework,
available evidence is assessed on the basis of hierarchies of evidence that rank vari-
ous methods of evidence gathering. These hierarchies privilege evidence from com-
parative clinical studies. Among those studies, randomised controlled trials (RCTs)
are the best ranked. RCTs are experiments in which members of the study population
are randomly assigned to the experimental or the control group. In this kind of trial,
an experimental treatment is tested against either the standard of care or a placebo.
Subsequently, statistical tools, such as p-values and confidence intervals, are used
to make inferences about the observed differences. Roughly speaking, EBM tends
to privilege evidence of correlations between the effect and the postulated cause
(Howick, 2011b). This approach focuses on observing and measuring the (putative)
effects of the considered interventions. While EBM has become very popular, some
concerns have been raised about evidence of correlations provided by RCTs and
other comparative studies (e.g., Deaton & Cartwright, 2018; Worrall, 2007).

In response to concerns about EBM, some authors have stressed the relevance of
evidence of mechanisms and advocated a pluralist approach to evidence in medi-
cine (Anjum et al., 2020; Clarke et al., 2014; Gillies, 2018; Parkkinen et al., 2018).
According to this approach, both evidence of correlations and evidence of mecha-
nisms are crucial for establishing causal claims in the biomedical sciences. The
pluralist approach to evidence in medicine is summarised in the well-known Russo-
Williamson Thesis (Russo & Williamson, 2007). This epistemological thesis claims
that “[t]o establish causal claims, scientists need the mutual support of mechanisms
and dependencies” (Russo & Williamson, 2007, p. 159). In the pluralist framework,
evidence of mechanisms is usually understood as evidence about the existence or
the properties of mechanisms in the domain of inquiry (Illari, 2011) —biochemical
pathways are paradigmatic examples of this kind of evidence. There is no specific
method through which evidence of mechanisms must be gathered. It can be obtained
by means of various methods such as in vitro studies, in vivo studies in animals, case
studies, and even agent-based models.

In support of pluralism, it is generally argued that both statistical evidence and
evidence of mechanisms have strengths and weaknesses, and that they complement
each other (see Clarke et al., 2014; Gillies, 2018; Williamson, 2019). For example,
Gillies (2018) refers to this complementarity as “strength through combining”. Sta-
tistical evidence faces important difficulties related to confounding factors and non-
causal correlations. When a correlation between the variables A and B is established,
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it may still be the case that A does not cause B. Evidence of mechanisms can help to
overcome those difficulties. Evidence of the mechanisms through which A causes B
supports the causal interpretation of the correlation. Nonetheless, evidence of mecha-
nisms also comes with caveats. Even when evidence of one or more mechanisms
linking A and B is obtained, it may still be the case that there are other unknown
mechanisms through which A influences B. Statistical evidence is crucial for address-
ing such a problem: evidence of the correlation between A and B provides informa-
tion about the overall effect of the operating mechanisms and reveals whether the
identified mechanisms are counteracted.

Furthermore, in support of evidential pluralism, several cases in which evidence
of mechanisms played (or could have played) an important role have been analysed
(Abdin et al., 2019; Auker-Howlett & Wilde, 2020; Gillies, 2011). For example, Gil-
lies (2011) shows that both evidence of correlation and evidence of an underlying
mechanism were crucial for establishing a causal relationship between smoking and
heart disease.

However, there have also been several criticisms raised against evidential plural-
ism. Critics argue, for example, that biomedical mechanisms are difficult to identify
and our knowledge about them is often fragmentary (Howick, 2011a; Howick et al.,
2013). Moreover, it has been shown that mechanisms may not behave regularly, and
their behavior may change outside the tightly controlled laboratory circumstances,
making it difficult to anticipate their behavior under intervention (Howick, 2011a;
Howick et al., 2013). Furthermore, in certain scenarios, complementary evidence of
mechanisms may be redundant, and demanding it may result in unnecessary delays
(Andersen & Kjer, 2019). Regarding pluralist regulatory frameworks, it has also been
argued that they have higher associated costs and are more exploitable by pharma-
ceutical companies than the current RCT-based system (Andreoletti & Teira, 2019).
Overall, while evidential pluralism has its defenders, its critics raise important ques-
tions about how to use multiple types of evidence in a rigorous and transparent way.

In recent years, the application of evidential pluralism in drug development, evalu-
ation, and approval has been a topic of significant discussion (Aronson et al., 2018;
Parkkinen & Williamson, 2020; Rocca, 2016). In a seminal paper, Rocca (2016) has
explored the potential contribution of evidence of mechanisms in post-marketing risk
assessment of drugs. In pharmacovigilance, available evidence usually consists of
case series in peer-reviewed literature, single-case reports, and spontaneous reports
from healthcare professionals and patients. Rocca argues that to establish a causal
relation between an untargeted symptom and a drug it is important to formulate (and
provide evidence in support of) a mechanism hypothesis about Aow the drug could
have provoked the symptom. Aronson et al. (2018) have analysed the diverse roles
that evidence of mechanisms plays (or could play) in drug approval. It is argued to
be crucial for tasks such as testing the stability of drug formulations, establishing the
efficacy of treatments, and assessing the external validity of trials. In fact, the authors
claim that “evidence of mechanisms is relevant for all the tasks that are important in
drug approval” (Aronson et al., 2018, p. 1167). Parkkinen and Williamson (2020)
have discussed the relevance of evidence of mechanisms in the extrapolation of
causal claims from model organisms in pharmacology. They argue that evidence of
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mechanisms is necessary for establishing both causality in the model organism and
similarity of the model organism to humans.

The aim of this paper is to illuminate and assess the potential contribution of evi-
dential pluralism in drug regulation. First, we want to clarify the role that evidence
of mechanisms can play in regulatory decision-making. For that purpose, we focus
on the Accelerated Approval (AA) pathway implemented by the US Food and Drug
Administration (FDA). We argue that the AA already adopts a pluralist approach
towards evidence, taking into account both statistical evidence and evidence of
mechanisms. Second, we aim to address the reliability of evidential pluralism in drug
regulation. We analyse and discuss a recent proposal developed by Sung and Hol-
man (2023) to assess evidential pluralism in such a context. Then, after identifying
important limitations of Sung and Holman’s proposal, we introduce an alternative
empirical framework that focuses on the outcomes of regulatory programs.

The paper is structured as follows. In Sect. 2, we introduce drug regulation and
examine the AA program. We contend that AA embraces a pluralistic approach
towards evidence and analyse the roles played by evidence of mechanisms. In Sect. 3,
we turn our attention to the reliability of evidential pluralism in drug regulation and
introduce an empirical (or naturalistic) approach. Within this context, we explore and
discuss the open-cases framework proposed by Sung and Holman. We also exten-
sively examine the case study presented in support of the proposal, i.e., the acceler-
ated approval of Aducanumab. Subsequently, in Sect. 4, we propose an alternative
empirical approach that focuses on the outcomes of regulatory programs to assess
evidential pluralism. We consider and address diverse potential objections that may
arise. Finally, in Sect. 5, we make some concluding remarks.

2 Accelerated drug approval

Regulatory agencies such as the FDA play a pivotal role in safeguarding patients
against potentially harmful and ineffective treatments. The widely accepted societal
perspective on the FDA’s gatekeeping authority is rooted in a paternalistic rationale
centred on collective risk aversion. The idea is to establish a regulatory body with
gatekeeping powers to shield the market from hazardous compounds, thereby pre-
venting pharmaceutical disasters arising from faulty drugs (Andreoletti, 2021; Teira,
2020). Notably, the FDA stands out as the largest and most influential among these
agencies, overseeing a market of products valued at over 1 trillion dollars—equiva-
lent to nearly a quarter of consumer spending. Its influence extends globally, setting
the precedent for drug regulation in Western countries.

The origins of the FDA date back to the early 20th century (see Marks, 1997,
Temple, 1995), but it assumed its current structure in October 1962 with the passage
of the Kefauver-Harris Drug Amendments to the Federal FD&C Act by US Con-
gress. This legislation mandated that pharmaceutical companies, prior to marketing
a drug, were obligated to demonstrate not just its safety but also furnish substantial
proof of its efficacy for the intended purpose. That evidence had to consist of ade-
quate and well-controlled studies. By refraining from explicitly delineating the terms
“adequate” and “well-controlled”, the legislation allowed experts in the field to set
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the standards that would characterize both concepts within the new statutory frame-
work. While the law itself did not provide a specific definition for a well-controlled
study, testimonies presented to the US Congress clarified that it entailed, at the very
least, the incorporation of control groups, random assignment of patients to control
and therapeutic groups, and the implementation of methods to mitigate bias, such as
standardized criteria for assessing effectiveness (Junod, 2008).

Equally crucially, the 1962 Drug Amendments mandated that the FDA grant
explicit approval for the marketing application prior to the drug’s commercialisation,
representing another significant change. The approval process underwent systematic
structuring across various phases. Phase 1 studies are uncontrolled investigations
in humans, typically involving few healthy volunteers. Their purpose is to collect
data on pharmacokinetics and pharmacodynamics, assess the initial safety of the
drug at various doses, and, in certain cases such as chemotherapy, gather prelimi-
nary evidence of efficacy. Phase 2 trials involve the evaluation of adverse effects and
efficacy in several hundred participants with the targeted medical condition. These
trials usually lack a comparison group, are frequently not blinded or randomized,
and commonly utilize surrogate measures, such as laboratory tests or imaging stud-
ies, to assess results. Phase 3 trials typically encompass several hundred to several
thousand patients. Ideally, these studies incorporate concurrent controls, randomiza-
tion, and clinical endpoints. The primary objective of phase 3 trials is to provide
substantial evidence regarding the benefit-risk relationship of the drug to facilitate
FDA approval.

After the enactment of the Drug Amendments in 1962, manufacturers and advo-
cacy groups expressed concerns, contending that the heightened evidentiary require-
ments imposed by the FDA were prolonging the time and costs involved in obtaining
approval (Lasagna & Wardell, 1975). These concerns resurfaced in the late 1980s
and early 1990s, notably during the AIDS crisis (Epstein, 1996). In response to these
criticisms, the FDA established the Accelerated Approval Program in 1992 (Acceler-
ated Approval of New Drugs for Serious or Life-Threatening Illnesses, 1992). This
program introduced an alternative regulatory pathway explicitly designed to expedite
the translational process by applying looser regulatory rules in exceptional circum-
stances (Teira, 2020).

The AA program requires the drug to be formulated to address serious or life-
threatening diseases, which are defined as conditions affecting daily functioning or
assumed to pose a threat to survival if left untreated. Examples encompassed within
this definition include HIV/AIDS, heart failure, and cancer. The second require-
ment entails that the drug must offer a “meaningful therapeutic benefit over existing
treatments” (Accelerated Approval of New Drugs for Serious or Life-Threatening
Illnesses, 1992, § 314.500), delineated as addressing a situation where a serious med-
ical need is not met by currently available therapies. The third condition is related to
surrogate endpoints. The FDA defined a surrogate endpoint as “a laboratory measure-
ment or physical sign that is used in therapeutic trials as a substitute for a clinically
meaningful endpoint that is a direct measure of how a patient feels, functions, or sur-
vives and that is expected to predict the effect of the therapy” (New Drug, Antibiotic
and Biological Drug Product Regulations: Accelerated Approval, 1992, p. 13,235).
These measurements were not firmly established at the time but were defined as “rea-
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sonably likely [...] to predict clinical benefit” (Accelerated Approval of New Drugs
for Serious or Life-Threatening Illnesses, 1992, § 314.500). For example, myocardial
infarction or survival may be taken as a reference, instead of requiring a demonstra-
tion of improvement in the actual clinical endpoints.

However, not all surrogate endpoints are equal, as the causal relationship between
surrogate endpoints and clinical outcomes varies across a spectrum. On one end,
there are validated surrogate endpoints that the FDA frequently accepts for regular
approval. For instance, high cholesterol or high blood pressure (hypertension) are
significant risk factors for heart disease and stroke. Consequently, reducing these
variables has long been considered acceptable data for approval. Nevertheless, the
FDA has acknowledged that some surrogate endpoints may indicate spurious cor-
relations. For instance, people with pneumonia often exhibit fever, but a fever cannot
serve as a surrogate endpoint because it can be reduced while the pneumonia persists.
The FDA expressed its readiness to grant accelerated approval when there is a “basis
of adequate and well-controlled trials establishing that the drug has an effect [...]
that is reasonably likely (based on epidemiologic, therapeutic, or other evidence) to
predict clinical benefit.” (Accelerated Approval of New Drugs for Serious or Life-
Threatening Illnesses, 1992, § 314.510).

Finally, in return for accepting such a lower bar of evidence, the FDA mandates
post-marketing studies to confirm the predicted benefits. Pharmaceutical manufactur-
ers are required to conduct studies to confirm the clinical benefit anticipated from the
surrogate markers. Typically, these studies are of the kind submitted alongside the
traditional approval process (phase III trials, i.e., RCTs). The approval provided by
the AA pathway is conditional to such studies, and if the manufacturers fail to con-
firm the benefit in a full-fledged RCT, the FDA may withdraw approval.

From a philosophical perspective, the FDA’s approach to drug regulation is
grounded on the EBM epistemology. On this account, marketing authorization deci-
sions must be based only on our best form of evidence, namely (statistical) evidence
provided by RCTs. They serve in fact as the gold standard for investigating causal
relationships between interventions and outcomes. This is because the use of random-
ization and other methodological devices (e.g., blind, allocation concealment, etc.)
helps mitigate many of the inherent biases associated with alternative study designs.

Notably, the AA program moves slightly away from the EBM logic. In fact, under
this program, drugs can be approved on the basis of evidentiary standards which
are considered inferior to full-fledged RCTs. Approval can indeed be granted based
on experimental designs other than phase III RCTs (e.g., single-arm trials, phase II
trials, etc.) and adopting a surrogate outcome that can be measured earlier than the
relevant clinical endpoint. Adopting surrogate outcomes (and/or alternative experi-
mental designs) allows manufacturers to conduct shorter, smaller, and therefore more
cost-effective clinical trials. This enables regulators to bring drugs to the market years
before confirmatory trials that use a clinical endpoint are typically completed. In this
sense, blood pressure, one of the most common examples of surrogate outcomes, is
easier, faster, and cheaper to measure than long-term mortality resulting from stroke.

Nonetheless, manufacturers must prove that the considered surrogate outcome is
a “reasonable” predictor of the relevant clinical outcome. Interestingly, in order to
convince the regulators, manufacturers should provide evidence of the mechanism(s)
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that link the surrogate outcome and the effects of interest. Ideally, a comprehensive
understanding of the disease’s causal pathways and the mechanisms underlying inter-
vention would be provided (Fleming, 2005). However, it is a very complex task, and
it is not always achievable (see, e.g., Aronson, 2005). In fact, when possible, valida-
tion often appeals to common grounds already accepted.'

The FDA aims to determine the acceptance of a surrogate endpoint by evaluat-
ing the scientific evidence for that particular endpoint. For instance, research studies
illustrating a drug’s impact on such endpoints must adhere to the standards of being
“adequate and well-controlled”, as mandated by the FD&C Act. In practice, however,
the assessment of this evidence is ultimately a subjective judgment based on consen-
sus, due to the challenging, if not impossible, standardization across diverse contexts
(Lathia et al., 2009). The FDA maintains a list of surrogate endpoints that have been
successfully used to approve new drugs, nonetheless “the acceptability of these sur-
rogate endpoints for use in a particular drug or biologic development program will be
determined on a case-by-case basis” (FDA, 2022). Their appropriateness is context-
dependent, hinging on factors such as the specific disease, the characteristics of the
studied patient population, the therapeutic mechanism of action, and the availability
of existing treatments. Furthermore, in some cases, evidence of mechanisms linking
the intervention and the surrogate outcome is also required. As we have noted, the
correlation between the tested drug and the surrogate outcome can be established
based on experimental designs different from RCTs. In such cases, given that sta-
tistical evidence provided by those alternative methods is considered less reliable,
evidence of mechanisms (which complements and strengthens it) is also required.

From an evidential perspective, AA adopts a pluralist framework.> Both statisti-
cal evidence and evidence of mechanisms are required to establish a causal rela-
tion between the considered treatment and the relevant effects (see, e.g., FDA, 2019,
2023). Evidence of mechanisms is in fact aimed to “compensate” for the limitations
of available statistical evidence.

Based on our analysis of AA, we consider that there are two ways in which evi-
dence of mechanisms can contribute to establishing a causal relation in drug regula-
tion. First, evidence of mechanisms can play an extending role. It can contribute
to the extension (to further outcomes) of previously established causal relations. In
AA, manufacturers should provide evidence of the mechanisms that link the surro-
gate outcome and the effects of interest. This evidence supports the extension (to the

! As pointed out by an anonymous reviewer, regarding surrogate biomarkers, the concept of “valida-
tion” is weak and fuzzy. There are no standardised evidentiary requirements to establish that a surrogate
biomarker is a reliable predictor of a clinical outcome. This validation process usually relies on factors
such as biological plausibility, correlations, and consensus within the scientific community. Given its
significance, the validation of surrogate biomarkers is a widely discussed topic in the scientific literature
(see, e.g., Ciani et al., 2017).
2 Before the introduction of the AA framework, the FDA already occasionally considered evidence of
mechanisms. For example, in 1961, FDA’s non-approval of thalidomide was informed by evidence of
mechanisms (Gillies, 2017). In this case, evidence of the mechanism of action of the drug was crucial
to anticipate potential side effects (e.g., birth defects) (Stephens & Brynner, 2001). Given its molecular
weight, thalidomide may cross the placenta and enter the foetal blood. Nonetheless, previous cases in
which the FDA considered evidence of mechanisms are rare and non-systematic. The gathering, evalua-
tion, and use of evidence of mechanisms differ from case to case.
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effects of interest) of the causal relation established between the treatment and the
surrogate outcome. In principle, a surrogate endpoint should fully capture the effect
of the intervention on the mechanisms that influence the clinical outcome. Therefore,
it is crucial to account for the causal pathway of the disease process, as well as the
mechanisms of action of the intervention.

Second, evidence of mechanisms can play a supporting role. It can support the
causal interpretation of a detected correlation. In AA, the supporting role is crucial
when suboptimal evidence-gathering methods are employed to establish a correlation
between the treatment and the surrogate outcome. In those cases, regulators require
evidence of mechanisms accounting for the correlation. When statistical evidence
is limited, even if a correlation between two variables is detected, it may still be the
case that there is no causal relation between them. The identified correlation may be
the result of a common cause, a semantic connection, or even mere chance. Providing
evidence of the mechanism(s) through which the treatment influences the surrogate
outcome supports the causal interpretation of the correlation.

Nonetheless, the evaluation of evidence of mechanisms is another challenging
task. Like statistical evidence, evidence of mechanisms may diverge in quality. How-
ever, unlike with statistical evidence, there are not yet well-established and widely
accepted criteria. Nonetheless, a tentative framework has recently been proposed.
Parkkinnen et al. (2018) have developed a three-step procedure for assessing evi-
dence of mechanisms in medicine. They argue that, when assessing evidence of
mechanisms, we should consider the method, the implementation, and the results.
For each of those aspects, quality indicators are introduced. First, based on our under-
standing of how methods work, we have to assess methods’ reliability. Moreover,
when model systems are employed, the similarity of models to humans should also
be considered. Second, we have to evaluate the methods’ implementation in the par-
ticular mechanistic studies. Special attention should be paid to the typical sources of
error. Finally, we have to evaluate the stability of the obtained results. For this pur-
pose, we should consider the independent detectability, consistency, and robustness
of the identified mechanisms features. While this three-step approach is certainly
an important advance in the evaluation of evidence of mechanisms, further work is
required to translate it into a systematic evaluation procedure for drug approval.

2.1 lllustration of AA: the approval of crizotinib

Let us illustrate how the AA program works in practice and clarify the role that evi-
dence of mechanisms plays into it by discussing the accelerated approval of Crizo-
tinib. Crizotinib is a small molecule tyrosine kinase inhibitor, developed to block the
activity of anaplastic lymphoma kinase (ALK) fusion proteins (an oncogenic driver)
in patients with advanced or metastatic non-small cell lung cancer (NSCLC) who are
ALK-positive.

Crizotinib received AA in 2011, based on the findings of two studies. Study 1001
represented a phase I clinical trial of Crizotinib conducted at multiple centres. This
single-arm study included patients with various tumour types, excluding leukaemia
(Camidge et al., 2012). During the dose-escalation phase, two individuals with ALK-
positive NSCLC exhibited stable disease, prompting an amendment to introduce an
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expansion cohort specifically for patients with ALK-positive NSCLC. This cohort
received the recommended phase II regimen of 250 mg orally twice daily. Con-
versely, Study 1005, a multicentre and single-arm trial, was designated as a phase 11
investigation of Crizotinib. This study involved administering 250 mg of Crizotinib
orally twice daily to patients with advanced NSCLC who had experienced tumour
progression after at least one round of chemotherapy (Kim et al., 2012). In both trials,
the endpoint for efficacy was the durable objective overall response rate (ORR), as
determined by investigator assessment through imaging evaluations at baseline and
every other cycle.? Both trials yielded positive results, showcasing ORRs of 50% and
61%, with median response durations of 42 and 48 weeks, respectively (Kazandjian
et al., 2014). Further considerations, however, warranted the accelerated approval of
Crizotinib.

The causal pathway of the disease is well-understood, ALK has been shown to be
essential for the proliferation of tumour cells in different forms of cancer, including
NSCLC (Kwak et al., 2010; Soda et al., 2007, 2008). The therapeutic hypothesis is
that by inhibiting its activity we can slow down the tumour growth and therefore
increase patients’ survival. Evidence of mechanisms provided support for the hypoth-
esis linking the surrogate outcome (tumour response) to the clinical outcome (sur-
vival). Indeed, it is well-established that when we effectively eliminate the tumour,
whether through surgical excision or targeted destruction of cancer cells within the
body, patients exhibit a significantly increased likelihood of survival. The eradication
or substantial reduction of the tumour directly correlates with extended survival peri-
ods for patients. In fact, this correlation has been observed in different types of cancer
(see, e.g., Ellingson et al., 2023). For this reason, the ORR is a well-established and
largely adopted surrogate outcome for overall survival (the clinically relevant out-
come) in solid tumours and it appears in the FDA list of validated surrogate endpoints
(FDA, 2022).

Nonetheless, because the drug was tested in a single-arm study without a control
group, the statistical evidence was deemed incomplete, necessitating further inves-
tigation to elucidate the mechanisms behind the observed correlation between drug
administration and ORR. And that was provided by the drug mechanism of action.
As mentioned above, Crizotinib works by blocking certain proteins that tell cells to
grow, a mechanism well confirmed in vitro and in vivo, and consistent with the trial
results (Shaw et al., 2011).

As a post-marketing requirement for AA, the manufacturer (Pfizer) was required
to conduct a confirmatory study (i.e., an RCT) to verify the drug’s clinical benefit.
The results confirmed the efficacy of Crizotonib in improving the progression-free

3 The ORR is calculated as the proportion of patients who achieve either complete response (CR) or par-
tial response (PR) according to the predefined criteria (Park et al., 2003). The tumour response is catego-
rized using standardized criteria for assessing tumour size changes, e.g., RECIST (Response Evaluation
Criteria in Solid Tumours) criteria. These criteria define various response categories, including complete
response (CR), partial response (PR), stable disease (SD), and progressive disease (PD), based on the
extent of tumour shrinkage or growth compared to baseline measurements. This assessment is performed
by measuring the dimensions of the lesions in images such as computed tomography scans.
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survival in NLSCS (ALK positive) patients (Shaw et al., 2013), and the FDA granted
the drug regular approval in 2013.*

To summarize, Crizotinib was approved based on low-quality statistical evidence
(i.e., phase 1II trials), which was compensated for by well-established evidence of
mechanisms. Evidence of mechanisms supported the causal interpretation of the
detected correlation and linked the surrogate endpoint to clinically relevant outcomes.

3 The reliability of evidential pluralism

Up to this point, everything seems to be on track. AA operates within a framework
of evidential pluralism, which carries inherent epistemic strengths and has demon-
strated effectiveness in diverse cases. However, it is essential to recognize that rely-
ing on theoretical arguments or a few cases is insufficient to establish the reliability of
evidential pluralism as a regulatory guideline and its potential as a superior alterna-
tive to standard EBM.

As some philosophers of science have argued, the reliability of regulatory strate-
gies (and the choice between alternatives) does not indeed depend on theoretical
considerations alone, but also on real-world outcomes. For example, Lopez-Mas and
Lujan (2023) suggest defining regulatory success by considering regulatory objec-
tives, opportunity costs, and pragmatic costs associated with different epistemic
policies. What consequences count as costs, however, is open to interpretation and
depends on the perspectives of involved actors and on the context of regulatory
decisions.

In light of this, we claim that a complementary empirical (or naturalistic) approach
to regulatory decision-making seems to be crucial to settle the issue. In this sense,
Andreoletti and Teira say: “[e]ven if regulatory rules and standards hinge on epis-
temic triggers, having the best epistemic trigger does not necessarily imply that one
will have the best regulatory system” (Andreoletti & Teira, 2019, p. 1106). That is,
a regulatory policy might be well-supported by our best casual epistemology (e.g.,
evidential pluralism), but this does not necessarily mean that the policy will deliver
the best regulatory outcomes. Following the same argument, more recently, Lujan
and Todt have argued that “only empirical study of the outcomes of the alternative
regulatory options will provide the data that allows us to choose between the options,
including standards and method” (Lujan & Todt, 2021, p. 3). Controversies about
standards and methods should be conceptualized as empirically testable arguments
about the relative advantages and disadvantages of alternative epistemologies.

4 Progression-free survival (PFS) refers to the length of time, during and after a treatment, in which the
patient lives without the disease worsening. In the context of cancer, it specifically measures the duration
from the start of treatment until the tumor shows signs of progression or until the patient experiences a
defined event (such as death). PFS is contested by many (see e.g., Booth et al., 2023), but it is widely
considered a very well-established primary endpoint that can be used to get traditional approval for
cancer drugs.
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3.1 Sung and Holman’s open-cases approach

Following the abovementioned considerations, Sung and Holman (2023) have
recently challenged the reliability of evidential pluralism in the context of phar-
maceutical regulation. They claim that there is often a difference in focus between
proponents and critics of evidential pluralism. While proponents have considered
medical evidence in general, most critics have focused on a narrow role. Sung and
Holman suggest that to overcome this mismatch, arguments should be confined to
specific domains. They also argue that when we consider how evidential pluralism
would perform in actual contexts of medical research its epistemic virtues seem to
fade away. This is because, for example, evidential pluralism is permeable to non-
evidential social forces (e.g., industry influence) (see Andreoletti & Teira, 2019; Hol-
man, 2019).3

To evaluate the performance of evidential pluralism, Sung and Holman introduce
an approach based on open case studies. On this account, we should focus on cases
that suit one of the competing proposals—standard EBM or evidential pluralism—
and whose outcome is still unknown. Depending on the resulting outcome (positive
or negative), the adopted approach would be reinforced or undermined.

Sung and Holman argue that historical case studies raise important difficulties.
First, reasoning about cases whose outcome is already known involves complicated
counterfactual arguments. We have to consider the potential consequences of having
adopted the alternative approach. Second, there are always diverse interpretations of
each case, which can lead to strategic adoption by advocates of competing propos-
als. For example, when a case’s outcome is positive, advocates of evidential plural-
ism could adopt the interpretation that emphasizes the contribution of evidence of
mechanisms. Sung and Holman hold that open case studies, where the outcome is
still unknown, avoid such difficulties.

However, the proposal advanced by Sung and Holman carries some limitations
that necessitate careful consideration. First, although the value of previous cases is
not denied, nothing is said about how to assess them and integrate them into evalu-
ations of regulatory frameworks. Their suggestion exclusively focuses on scenarios
where outcomes remain uncertain. It does not address the integration of the invalu-
able insights and information that historical cases can offer. Consequently, their
proposal risks disregarding crucial evidence, potentially leading to inconclusive or
partial conclusions.

Furthermore, a second limitation of their proposal emerges: the assessment of both
EBM and evidential pluralism is deferred until the results of a series of ongoing
cases crystallize. Additionally, the extent of the track record needed for a compelling
argument remains ambiguous. This delay effectively stalls the discourse surrounding
medical evidence until conclusive outcomes materialize.

Finally, as we are going to illustrate in the following section, the focus on open
cases does not avoid the emergence of conflicting interpretations. As Sung and Hol-
man explain, regarding a particular open case, diverse predictions are possible. Advo-

5 Although Sung and Holman (2023) consider both the reliability and the exploitability of evidential plu-
ralism, in this section, we will focus on the reliability of evidential pluralism.
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cates of different approaches may make different predictions about the outcomes.
Nonetheless, regarding a specific open case, diverse interpretations are also pos-
sible. Interpretations of a case or regulatory decision may differ concerning which
epistemic framework it matches. It should be noted that diverse interpretations are
possible even when similar predictions are made. For instance, advocates of stan-
dard EBM and evidential pluralism may agree that a certain decision will have a
negative outcome but differ in their interpretation of what epistemic framework the
decision followed. Advocates of standard EBM may argue that the decision matches
evidential pluralism, while advocates of evidential pluralism argue that the decision
matches standard EBM. In that case, when the outcome was settled, it would be dif-
ficult to establish which framework is reinforced or undermined.

3.2 The accelerated approval of Aducanumab

In order to illustrate their approach, Sung and Holman (2023) discuss the accelerated
approval of Aducanumab by the FDA. They claim that Aducanumab was approved
on both statistical and mechanistic grounds, thus representing an example of eviden-
tial pluralism. In contrast, applying the traditional EBM approach would have led to
the rejection of the approval. Eventually, the fate of the drug will depend on confir-
matory trials, and evidential pluralists should be prepared to face the consequences of
their stance, which may include the possibility of a negative outcome.

In what follows, we present a pluralist case for rejecting Aducanumab’s approval,
drawing on our previous analysis of the evidential approach adopted in AA. This
discussion illustrates the relevance of our analysis of the roles of evidence of mecha-
nisms. Nevertheless, before exploring the details, it is worth noting that the approval
of Aducanumab was highly unusual and controversial.® The FDA made the decision
to approve the drug against the Advisory Committee’s recommendation. This was a
rare exception, as the FDA usually follows the committee’s recommendations, and in
a few cases of disagreement, the FDA tends to be less likely than its advisory com-
mittees to approve new products (Zhang et al., 2019).

As explained by Sung and Holman, the Peripheral and Central Nervous System
Drugs (PCNS) Advisory Committee and the FDA evaluated both the statistical evi-
dence and the evidence of mechanisms presented by the manufacturer (Biogen)
regarding Aducanumab. It is important to note that the statistical evidence alone was
not sufficient to justify its approval. While there are several reasons for this, here, we
can just highlight a few points that are particularly relevant to our argument.

Two RCTs of Aducanumab were conducted (Study 301 and Study 302), with the
objective of assessing the efficacy of Aducanumab in reducing cognitive decline
measured on the CDR-SB. The Study 301 yielded negative results, while the Study
302 detected a significant effect in high-dose patients. All in all, what the studies
could demonstrate was just a correlation between the drug and a surrogate biomarker,
namely the reduction of amyloid plaques as measured by a PET scan (see Tampi et
al., 2021 for more details on these two studies). Yet, Biogen managed to downplay

% In a recent paper, Carome (2022) has analyzed in detail the anomalous process that led to the approval
of Aducanumab.
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the discrepancy between the unfavorable outcomes of Study 301 and the somewhat
favorable outcomes of Study 302. Basically, they presented a post hoc analyses of
Study 302 data, supplemented by data from Study 103 (phase I study, originally not
designed to gauge efficacy but focused on safety and the impact of Aducanumab on
brain amyloid-beta), as an accurate reflection of Aducanumab’s efficacy in addressing
Alzheimer’s disease. However, this selective approach, often referred to as “cherry-
picking”, lacks both statistical and scientific appropriateness.

At this point, the evidence of mechanisms became crucial. The association between
the drug and the reduction of amyloid plaques was supported by robust evidence of
mechanisms not only from study 103 (as mentioned by Sung and Holman), but also
from numerous other studies investigating the mechanism of action of Aducanumab-
like antibodies and the reduction of plaques in the brain (Sevigny et al., 2016). These
studies range from in vitro experiments and in vivo animal studies to clinical trials.
Therefore, the association between the drug and the surrogate biomarker was con-
sidered genuine, as the evidence of mechanisms supported and complemented the
weakness of the statistical evidence.

As we explained above, the existence of a reliable association between the drug
and a surrogate biomarker is not sufficient for AA because it does not prove any ben-
efit for patients. The regulatory guidelines demand that the surrogate outcome must
be a “reasonable predictor” of a clinical outcome (FDA, 2020b). Therefore, the key
question in the case of Aducanumab is whether there is evidence linking the surrogate
outcome to a clinical benefit. In other words, the hypothesis to be proven is that we
can slow down the cognitive decline of Alzheimer’s patients by reducing the amy-
loid plaques in their brains. One should keep in mind that the main issues reported
by dementia patients have not been related to excessive amyloid or tau in the brain.
Instead, these issues have centered around problems such as cognitive impairment,
depression, sleep disturbances, agitation, confusion, and so on (Khachaturian, 2022).

However, the statistical evidence alone was not enough to establish a causal rela-
tionship. There is a need to explain the precise mechanism of action of this interven-
tion, i.e., the molecular signaling pathways for maintaining or restoring neuronal
functioning that underlie the behavior-cognitive impairment. In other words, we need
evidence of mechanisms that extend the causal relationship between the drug and a
surrogate outcome to the clinical effect of interest.

Unfortunately, this sort of evidence is missing in the case of Aducanumab. Cer-
tainly, a mechanism hypothesis has been formulated to account for the link between
the surrogate outcome and the clinical endpoint. The amyloid cascade hypothesis, in
principle, could explain the link between plaque reduction and cognitive improve-
ments. However, no evidence has been obtained in support of that mechanism
hypothesis (see Herrup, 2015). Over the years, many studies have failed to support
the amyloid cascade hypothesis. So, as of today, there is no evidence of mechanisms
warranting the extension from the surrogate outcome to the clinical effect.

The PCNS committee clearly recognized such an evidential gap in their evalu-
ation report.” For instance, in the “Final Summary Minutes of the Peripheral and

7 Meeting materials are available on the following link: https:/www.fda.gov/advisory-committees/
advisory-committee-calendar/november-6-2020-meeting-peripheral-and-central-nervous-system-drugs-
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Central Nervous System Drugs Advisory Committee Meeting”, we find the following
information:

The Committee agreed that the data shown provided clear evidence that
aducanumab cleared amyloid plaques and reduced tau deposits in the brain.
However, the Committee was not persuaded that the clearing of these neuro-
degenerative aggregated proteins correlated with cognitive improvement. The
Committee recommended that there should be substantial evidence relating
specific biomarkers to disease progression before there is a determination that
the clearance/reduction of these biomarkers are truly related to clinical benefit
(cognitive improvement). (FDA, 2020a, p. 5)

A marginal majority of the committee members were uncertain as to whether
the Applicant presented strong evidence of a pharmacodynamic effect on
Alzheimer’s disease pathophysiology. These members indicated that the Appli-
cant failed to show the correlation between the biomarkers and clinical effects.
Although the members were convinced of aducanumab’s pharmacodynamic
effects on amyloid plaques, they noted that the data associated with tau depos-
its were “murky”. In addition, they expressed uncertainties as to whether the
biomarkers shown are true indicators for Alzheimer’s disease and urged the
Applicant to study other biomarkers (proteopathies) that may have played a
role in this setting. (FDA, 2020a, p. 5)

In sum, the Aducanumab approval does not suit the pluralist framework at the basis of
the AA program. In AA, statistical evidence, which is often scarce and suboptimal, is
insufficient to warrant approval. Having evidence of mechanisms is essential to sup-
port the detected correlation, mitigate any biases, and extend the observed effect on
a surrogate outcome to a clinical effect. However, in the case of Aducanumab, there
is no evidence of mechanisms that can justify its extension to the relevant clinical
outcome. As such, its approval contravenes the core principle of evidential pluralism:
the limitations of statistical evidence are overlooked, and no valid complementary
evidence of mechanisms is provided.

The conditional approval of Aducanumab by the FDA, consequently, constitutes
an anomaly or exception in the AA framework. Although the AA demands evidence
of mechanisms that links the surrogate and the clinical outcomes, this kind of evi-
dence was not provided in the Aducanumab evaluation. In fact, this lack of evidence
has driven most of the criticisms of Aducanumab’s approval (see, e.g., Mullard,
2021). Nonetheless, while the advisory committee correctly reasoned in pluralistic
terms and its recommendation was negative, the FDA overlooked the absence of
crucial evidence of mechanisms and approved the drug.

advisory-committee-meeting. Accessed 4th September 2023.
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4 The reliability of regulatory programs

As we have argued, Sung and Holman’s proposal falls short in assessing the reliabil-
ity of regulatory epistemologies in drug regulation. It does not consider the integra-
tion of historical cases and overlooks contextual complexities. Furthermore, as we
have illustrated through our analysis of Aducanumab’s approval, focusing solely on
ongoing cases does not eliminate conflicting interpretations of those cases, which is
one of the alleged benefits of Sung and Holman’s approach.

Nonetheless, we align ourselves with Sung and Holman’s overarching perspec-
tive that the discourse surrounding medical evidence should concentrate on distinct
domains in the real world. We also agree that pharmaceutical regulation provides
fertile ground to assess evidential pluralism as well as other views on medical epis-
temology in practice.

In this section, we propose an alternative empiric approach to evaluate the reli-
ability of evidential pluralism in drug regulation. As we have argued, the AA program
adopts an approach to evidence that closely resembles evidential pluralism. Our pro-
posal aims to assess the reliability of the AA program and, consequently, the impli-
cations for evidential pluralism. We consider that, given their resemblance, AA can
provide crucial insights for assessing the prospects of the pluralist framework. This
approach, as Sung and Holman’s proposal, does not rely on theoretical arguments or
particular case studies.

Given that the paramount aim of drug regulation is to ensure patient well-being, a
natural course of action is to examine the tangible outcomes of AA. Such a perspec-
tive is rooted in the notion that the most reliable measure of a regulatory approach’s
value lies in its capacity to safeguard patients from ineffective and harmful interven-
tions (Marks, 1997). The main question, therefore, is how we can empirically evalu-
ate pharmaceutical regulation policies designed to protect patients.

To evaluate the merit of regulatory initiatives we must establish an empirical index
capable of discerning which decision procedure, or epistemological framework, is
best suited to achieve the overarching goal of patient protection. This empirical index
would serve as a crucial yardstick to judge the efficacy and reliability of the various
regulatory policies in the realm of pharmaceuticals.

One could look at many different data to perform an empirical analysis of regula-
tory outcomes. In the context of AA, the most common empirical index for determin-
ing the performance of the program is the rate of conversion. As mentioned before,
the FDA, once granted the accelerated approval, requires the companies to run full-
fledged RCTs to confirm the results. If these RCTs are positive the FDA converts
the accelerated approval to a standard approval, otherwise the regulators may with-
draw the drug from the market. Therefore, the conversion rate represents a direct and
immediate benchmark to assess the success of the AA decisions. If the evidential
pluralism holds, we should expect a high rate of conversion and few withdrawals of
drugs. Such predictions can be empirically tested. For instance, in a recent article,
Beakes-Read et al. (2022) examined the performance of the AA program since its
inception in 1992. The authors found that, as of December 2021, the FDA has granted
AA to 278 drugs and 50% (139) of them received conversion to standard approval.
In the same period, the FDA has withdrawn 32 drugs, meaning a withdrawal rate of
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11%. This data however also includes the drugs that are still pending completion of
confirmatory trials or FDA review (107 -38%). If we look instead at the data without
including the drugs for which a decision has not been made yet, then the withdrawal
rate increases to 19%.8

Moreover, the authors noted that there have been very few delinquent cases (i.e.,
drugs for which the sponsor has failed to complete the confirmatory trials by the
agreed-upon deadline) or dangling cases (i.e., drugs remaining on the market despite
confirmatory trials not confirming clinical benefit) and concluded that the program
has been largely successful.

However, when considered in isolation, these data are indicative but lack signifi-
cant information regarding the reliability of evidential pluralism. In fact, we can-
not draw any informative conclusions from them. To draw a normative conclusion,
specifically asserting that evidential pluralism is at least as effective as EBM epis-
temology in the context of drug regulation, a direct comparison between the two
approaches is essential.

Andreoletti and Teira (2019) have suggested adopting withdrawal rates as an
empirical benchmark to evaluate the efficacy of regulatory initiatives. Building on
that suggestion, a more effective approach to assessing the AA program can be devel-
oped by comparing its withdrawal rate with that of traditional approval. Drug with-
drawals may indeed highlight failures in the initial regulatory evaluation of evidence.
The most recent estimate, available in the scientific literature, suggests a withdrawal
rate of less than 2% for drugs that received marketing authorization in the US between
1950 and 2011 (Onakpoya et al., 2016). An older analysis of drug discontinuations
in the US, spanning the years 1980 to 2010, concluded that out of the 740 newly
introduced drugs in that timeframe, 118 (15.9%) were terminated (Qureshi et al.,
2011). However, both these estimates include the withdrawals of drugs that received
AA. Moreover, the inconsistency in the results suggests that acquiring dependable
and consistently standardized data on drug withdrawals is a challenging task. Due to
these reasons, these figures cannot serve as a reliable basis for comparison.

Data on drug discontinuations for safety reasons before the introduction of the AA
program may offer a more useful comparison. For example, according to a pioneering
review by Bakke et al. (1995), between 1974 and 1993, 377 new chemical entities
were approved in the United States. Of these, 10 were withdrawn from the market for
safety reasons. Thus, one can estimate approximately a 3% safety-related withdrawal
rate for standard approval. This finding aligns with the outcomes of another study
examining the regulatory impacts of the Prescription Drug User Fee Act’ (Berndt
et al., 2005), which revealed that between 1980 and 1992, 320 drugs were approved
with 9 withdrawals (2.8%), and from 1993 to 2002, 361 drugs were approved with 8
withdrawals (2.2%). This combined to a total of 661 approvals and 17 withdrawals
(2.5%) (Berndt et al., 2005). These figures are significantly lower than those reported
by Beakes-Read et al. (2022) for AA.

8 The data for this calculation is available at https://www.fda.gov/media/151146/download?attachment.

9 The Prescription Drug User Fee Act (PDUFA) allows the FDA to collect fees from drug manufacturers
submitting new drug applications for evaluation.
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If we consider such data for analysis, which include a 2.8% withdrawal rate for
traditional approval decisions (N=320) before AA was introduced and an 11% with-
drawal rate for the AA decisions (N=278), then a straightforward statistical analysis
for comparing proportions reveals a statistically significant difference in withdrawal
rates between the two regulatory regimes [z = -4.0248, P<.00001].

Henceforth, at first glance, the available data indicate that the AA performance,
particularly concerning drug withdrawals, is inferior to that of the standard approval.
However, determining the acceptability of this disparity necessitates a more norma-
tive approach, which goes beyond the scope of this paper. Notably, the AA program
intends to expedite the market approval of new drugs for severe diseases, accom-
modating greater uncertainty. Evaluating the acceptability of such a trade-off entails
ethical reflections (Andreoletti & Blasimme, 2023).

Similar conclusions can be derived regarding the evidential pluralist epistemology
underlying the AA. The data suggests that its application results in suboptimal deci-
sions compared to standard approval grounded in EBM epistemology. Nevertheless,
as mentioned above, given the constraints of this preliminary analysis, the data serves
as suggestive rather than conclusive.

4.1 Objections

Regarding the proposed empirical approach, nonetheless, some objections may be
raised. Firstly, it may be argued that regular approval and accelerated approval serve
distinct regulatory objectives. Therefore, direct comparisons, particularly in terms of
withdrawal rates, might not be appropriate. The reason behind this disparity lies in
the fact that the acceleration of the approval process often involves the acceptance of
less established evidence, leading to an increased likelihood of errors. Consequently,
a higher number of withdrawals could be anticipated. Nevertheless, this objection
assumes a primacy of the EBM epistemological approach. Those who advocate for
evidential pluralism, however, contend that the limitations of statistical evidence are
counterbalanced by evidence of mechanisms and deny EBM’s primacy. This consid-
eration thereby suggests that the regulatory outcomes are indeed comparable. Conse-
quently, no notable differences should be expected or assumed.

A second potential objection hinges on inherent dissimilarity between the types of
drug withdrawals in regulatory programs, making a direct comparison problematic.
Critics may correctly argue that accelerated drugs are often withdrawn due to a lack
of efficacy, whereas drugs granted regular approval are typically withdrawn due to
adverse effects.!” This difference is certainly a product of the distinctive regulatory
goals each pathway serves. Withdrawals are influenced by “structural” factors, and
they mostly depend on the political authority granted to the FDA. In this sense, the
FDA can withdraw drugs that have been “traditionally” approved only for safety rea-

10 The relevance and reliability of evidence of mechanisms may diverge across scenarios. Pérez-Gonzélez
and Rocca (2022) have recently analysed and compared the roles of evidence of mechanisms in inferences
about efficacy and about safety. They argue that evidence of mechanisms is more reliable for disconfirming
the efficacy than for confirming the efficacy of an intervention. Regarding safety, however, they claim that
evidence of mechanisms is more reliable for confirming (than for disconfirming) the presence of adverse
effects of an intervention.
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sons, for example, severe drug reactions not anticipated in the trials. This is because,
once approved, the efficacy of drugs is considered established. Whereas in the AA
framework, the FDA can withdraw drugs if they fail the confirmatory trial (and there-
fore not converted to traditional approval). So, in this latter case, the withdrawal
is for efficacy reasons. Once converted, though these drugs can be withdrawn only
for safety reasons. This is because, again, after conversion, the efficacy of the drug
is supposed to be established.!! However, even when evaluated within the context
of evidential pluralism, the prevalence of withdrawals prompted by the absence of
therapeutic benefit for accelerated drugs is not inherently expected to be high. This
divergence, in fact, further underscores the importance of evaluating the efficiency
of the AA pathway. It compels us to question whether the observed withdrawal rates
of accelerated drugs align with the intended goals of the pathway. In this regard,
withdrawal rates, despite the inherent differences, still offer a meaningful metric for
assessing the viability of the AA pathway.

Finally, the viability of the suggested alternative—comparison to historical approv-
als dating back to 1974—raises questions about its relevance in the current regulatory
landscape. Notably, the regulatory paradigm has undergone substantial changes over
the years, rendering a pre-post comparison potentially inappropriate. The use of his-
torical controls in research settings has been extensively discussed by methodologists
and is acknowledged as problematic across various fields due to potential biases.
Drawing comparisons between present and historical populations may result in con-
founded outcomes, given, for example, substantial shifts in patient demographics,
disease characteristics, or other variables that can impede meaningful comparability
between the two groups. Nonetheless, while recognizing these limitations, the use of
historical controls might still provide useful information. For example, in the analysis
of the impacts of regulatory innovation, historical comparisons have been employed
(Berndt et al., 2005).

All these objections rightfully raise considerations about the extent of direct com-
parability between regular approval and AA withdrawals. However, such limitations
do not inherently invalidate the empirical approach. Instead, they underscore the
complexity of regulatory outcomes and reinforce the necessity of adopting a more
nuanced evaluation strategy. While the withdrawal rates may not serve as a per-
fectly analogous yardstick for both pathways, it remains possible to identify alterna-
tive comparators. An illustrative example lies in assessing the therapeutic value of
drugs—a measure that accounts for the tangible benefit brought to patients’ lives.
This approach evaluates the drugs’ real-world impact on patients’ health and well-
being, ultimately reflecting the success of the regulatory approach in delivering effi-
cacious treatments (see, e.g. Vokinger et al., 2022a, b).

1 Tt is important to note that drugs may also be withdrawn for reasons beyond safety or efficacy, such as
the commercial choices made by the producers (see, e.g., Prasad, 2014).
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5 Conclusions

In this paper, we have explored the intricate interplay between evidential pluralism
and drug regulation. EBM, which privileges statistical evidence, has driven clini-
cal practice and regulatory decision-making for decades. However, as its limitations
became evident, evidential pluralism emerged as an alternative, acknowledging the
complementary nature of statistical evidence and evidence of mechanisms. To illu-
minate the potential contribution of evidence of mechanisms in drug regulation, we
have analysed the AA program adopted by the FDA. We argued that the AA program
follows a pluralist approach to the evidence on which regulatory decisions are made.
This approach (and the diverse roles played by evidence of mechanisms) has been
illustrated through the accelerated approval of Crizotinib.

To assess and evaluate the reliability of evidential pluralism in drug regulation,
however, it is crucial to consider real-world outcomes. Sung and Holman’s inno-
vative open-case approach presents a notable step toward addressing the empirical
gap. By concentrating on ongoing cases where regulatory outcomes are uncertain,
their framework aims to align the theoretical considerations of evidence with real-
world consequences. Nevertheless, we have shown that, despite its potential, this
approach is not without limitations. The selective focus on ongoing cases discounts
the invaluable insights derived from historical outcomes and risks overlooking cases
with known conclusions. While Sung and Holman offer valuable insights into Adu-
canumab’s approval, a closer look reveals some limitations in their discussion. This
highlights that focusing on open cases does not resolve the challenge of interpreting
such cases.

Recognizing the complexity of empirical evaluation, this paper has proposed an
alternative and more systematic method focused on the outcomes of regulatory pro-
grams. By examining the withdrawal rates of drugs granted AA and comparing them
with those granted traditional approval, a quantifiable benchmark emerges. The com-
parison elucidates the real-world impact of evidential pluralism in terms of regula-
tory outcomes.

A definitive resolution to the question of the reliability of AA and evidential
pluralism is out of the scope of this paper. A comprehensive empirical endeavour
would indeed necessitate a more extensive commitment. Nevertheless, our proposed
framework represents a preliminary step towards shedding light on this matter and
contributes to the ongoing discourse in the philosophy of science and medicine (see
Andreoletti & Teira, 2019; Lujan & Todt, 2021; Sung & Holman, 2023). Moreover,
as the discussion continues to evolve, our endeavour not only contributes to the
academic discourse but also highlights the need for a more systematic approach to
understanding the complex relationship between epistemology and drug regulation.
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