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Abstract

Objective: Osteoarthritis (OA) drug development is hampered by a number of challenges. One
of the main challenges is the apparent discordance between pain and structure, which has had a
significant impact on drug development programs and has led to hesitance among stakeholders.
Since 2017, the Clinical Trials Symposium (CTS) has been hosted under the Osteoarthritis
Research Society International (OARSI) leadership. OARSI and the CTS steering committee
yearly invite and encourage discussions on selected special subject matter between regulators,
drug developers, clinicians, clinical researchers, biomarker specialists, and basic scientists to
progress drug development in the OA field.

Method: The main topic for the 2022 OARSI CTS was to elucidate the many facets of pain in
OA and to enable a discussion between regulators (Food and Drug Administration (FDA) and the
European Medicines Agency (EMA)) and drug developers to clarify outcomes and study designs
for OA drug development.

Results: Signs or symptoms indicative of nociceptive pain occur in 50-70% of OA patients,
neuropathic-like pain in 15-30% of patients, and nociplastic pain in 15-50% of patients. Weight-
bearing knee pain is associated with bone marrow lesions and effusions. There are currently no
simple objective functional tests whose improvements correlate with patient perceptions.

Conclusions: The CTS participants, in collaboration with the FDA and EMA, raised several
suggestions that they consider key to future clinical trials in OA including the need for more
precise differentiation of pain symptoms and mechanisms, and methods to reduce placebo
responses in OA trials.

Keywords
Biomarkers; clinical trial design; FDA; EMA

Introduction

In April 2017, OARSI initiated its Clinical Trials Symposium (CTS) to facilitate discussions
between regulators, drug developers, clinicians, clinical researchers, biomarker specialists,
and basic scientists to advance OA drug development. The Food and Drug Administration
(FDA) considers how a novel treatment would benefit a patient (i.e., how the patient feels
and functions). It is essential to demonstrate long-term patient benefits and possibly joint
‘survival’; this may require long-term outcome studies. For sponsors, these studies are
associated with considerable risk. These challenges have been addressed annually by the
OARSI CTS. For instance, the main topic of the 2021 OARSI CTS was disease activity (1)
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and the disease endotype best related to outcomes in OA. A major challenge in the field of
OA drug development is the apparent discordance between pain and structure (2). Currently,
the understanding of how neurobiological pain mechanisms relate to the OA pain experience
and, therefore, how they can be more effectively and safely treated is limited. To address this
challenge, the main topic of the 2022 OARSI CTS was to discuss the many facets of pain in
OA and to facilitate a discussion between the regulators (FDA and the European Medicines
Agency (EMA)) and drug developers to clarify outcomes and study designs for OA drug
development. This summary is the opinion of the individual stakeholders of the CTS and not
the official opinion of agencies, institutions, or organizations.

Setting the stage: Concordance and discordance between structure and pain

As illustrated by the wide variance in pain in all categories of OA structural severity
(Figure 1), patient-reported OA pain is, on a population level, known to be discordant

with the radiographic structural severity of the disease (3)(2)(4). However, more sensitive
imaging methods for assessing structural disease identify several associations between
known structural disease characteristics and pain. For instance, the presence and severity
of bone marrow lesions (BMLs) have been associated with pain; similar associations have
been reported with synovitis and cartilage lesions (5)(6)(7). Several investigational disease-
modifying OA drugs (DMOADSs) have been associated with beneficial structural effects, but
with no clear concordance between these effects and symptomatic outcomes in the overall
study populations (8)(9)(10). The reasons for this are largely unknown, but recent evidence
suggests that the pain perception experience in study participants could reduce the ability
to report pain specifically related to OA (11)(12). To reduce variability in symptomatic
outcome assessments, efforts should be made to reduce the potential for other confounding
contributors in clinical trials of OA pain.

Research in sub-categories of pain suggests that weight-bearing pain, compared to non-
weight-bearing pain, may better reflect different underlying OA pain mechanisms. Weight-
bearing pain is the first pain category to emerge in the development of OA symptoms (13);
in contrast to non-weight-bearing pain, weight-bearing pain is associated with BMLs and
effusions (14)(15)(16). More research into the etiology of different pain categories is needed
to demonstrate how symptomatic outcomes should be used in OA trials.

Intuitively, a reduction in, or even reversal of structural damage, should be associated

with beneficial effects manifesting in clinically relevant outcomes. However, the clinical
relevance of structural benefits in OA trials has been questioned by recent pharmacological
trials with structural but not concurrent symptom benefits (8,9).

Pain is not just pain: Understanding the link between the molecular taxonomy and pain

perception

For many years, OA was thought to be the prototype for a nociceptive pain mechanism,
i.e., intact nociceptive fibers are activated in the periphery (joint) by degenerative and
inflammatory processes. However, recent studies have indicated that a fraction of patients
might also be affected by other pain types and underlying mechanisms (17). Neuropathic
pain refers to pain due to a nerve lesion. While neuropathy has not been demonstrated
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in OA, neuropathic-like pain components can occur if nociceptive fibers in the synovia

or fiber sprouts invading the cartilage are damaged. Nociplastic components, as defined

by the International Association for the Study of Pain (IASP) (18), are characterized by
secondary changes in nociceptive processing in the spinal cord, i.e., central sensitization.
These components can also occur in combination (Figure 2). Easy-to-use assessment tools
(questionnaires and bedside tests) are available to phenotype OA patients according to these
underlying pain mechanisms (19)(20)(21). The use of these tools revealed that signs or
symptoms indicative of nociceptive pain occur in 50-70% of patients, neuropathic-like pain
in 15-30% of patients, and nociplastic pain in 15-50% of patients (19)(20)(21). Treatment
for neuropathic pain (with damage to the somatosensory system), and nociplastic pain
(with central sensitization), differs markedly from treatment for nociceptive pain. Thus,

the more precise differentiation of the pain symptoms and mechanisms make an important
contribution to successful treatment.

The illness of osteoarthritis and illness versus disease

IlIness is not the same as disease, or disease activity (22)(23). ‘Disease’ refers

to abnormalities of the structure (24) and has specific molecular and clinical

characteristics. "Iliness’ refers to the human experience of disease (24), such as ‘what the
patient feels when he goes to the doctor’ (24). When molecular components of the disease
and associated disease activity drive patients beyond the illness threshold they experience
the symptomatic phase, as described in (23) and (25). lliness of OA is characterized by
symptoms such as pain, aching, stiffness, and functional limitations. The pain experience is
multidimensional and typically changes over time at differing rates in individuals with knee
OA. Initially, the pain is primarily weight-bearing activity-related, increasing in severity over
time with pain fluctuations, and becoming more persistent, even occurring at rest for some,
and punctuated by episodes of increased pain that may be triggered or unpredictable (26).

Examining the ‘disease’ (structure), at least based on an insensitive measure such as a
radiograph, does not explain the “iliness’ (symptoms). The reason for this discrepancy

is related in part to the insensitivity of the structural measure and, importantly, to the
multifactorial nature of pain. Structural pathology is not the sole contributor to the pain
experience; thus, without accounting for the other factors that influence the pain experience,
such as psychological factors, sociocultural context, genetics, etc., the specific impact of
joint pathology on joint pain is difficult to discern (27).

Figure 3 illustrates four hypothetical study participants. If a treatment targets an OA
pathologic feature that is expected to result in improved nociception, then participants such
as Persons 3 and 4 would be preferred for trial enroliment to optimize the ability to detect
pain improvement due to that pain mechanism being specifically targeted. However, one
would not expect much of a pain benefit for Persons 1 or 2 with such an intervention, since
OA nociception contributes only a small proportion to their overall pain experience.

Disease activity may change biologically, i.e., different components of the total joint
pathophysiology may contribute differently to the overall pain burden and experience.
Consequently, a challenge in OA trials is understanding when to intervene and how to target
treatments. Just as there is a perceived structure—symptom discordance due to numerous
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factors contributing to the pain experience, there is also a recognized discordance between
disease activity and radiographic disease status, with long periods of inertia followed by

fast progression (28). We have begun to appreciate that OA has multiple drivers of disease,
most likely at different stages of disease (29)(23); in Figure 4 depicts a mechanism-based
approach to identifying the driver of disease activity to enable matching of therapeutics

to the intervention’s mechanism of action. Although better symptom modifiers are in
themselves worthy of investigation, solely treating the symptoms, i.e., the illness (pain), may
not correct the underlying disease processes that will continue to contribute to symptoms if
left unaddressed.

BIOCHEMICAL MARKERS—BIOMARKERS OF DISEASE ACTIVITY

Biochemical markers may play a key role in understanding disease activity, as they reflect
the molecular changes that drive or are a consequence of disease. There are quite a few
examples of this in the literature (30). For instance, disease activity may be related to

either high or low levels of cellular activity, which could, for example, be an assessment of
high or low levels of cartilage degradation or formation. Notably, recent data suggest that
OA is not just a disease of cartilage loss, but also a disease of low capacity for cartilage
repair, e.g., low cartilage formation (31)(32)(33). In the FORWARD trial, patients with

low cartilage formation, measured by low serum levels of PRO-C2, responded significantly
better to the chondro-anabolic drug FGF-18 (sprifermin) (9). Moreover, PRO-C2 predicted
structural knee OA progression (34). Similarly, low serum levels of the anabolic biomarker
PIIANP were predictive of two-year progression in the FNIH study. This supposition is also
supported by the UK Biobank resource which in a case control study showed that patients
with specific single nucleotide polymorphisms associated to cartilage repair and cartilage
formation were more likely to have incident OA.(35). Other biomarkers are worth additional
attention (36)(31)(37)(38)(39)(40) but are beyond the scope of the current discussion.

Considerations for osteoarthritis drug development from progress in Alzheimer’s disease

To optimize effectiveness of DMOADSs, earlier intervention is needed; early intervention
requires a better understanding of the pathogenesis of OA (41)(42)(43). However, during
these early stages, a patient with OA may not experience ‘illness’; thus, identifying

such patients for participation in clinical trials has proven to be problematic due to a
lack of biomarkers with which to predict risk and diagnose early/pre-symptomatic OA.
The following is a brief discussion of how similar challenges, faced by researchers in
Alzheimer’s disease (AD), have been approached and tackled.

From a drug development perspective, AD provides a parallel case study to knee OA, as

it is another chronic degenerative disease with an unclear and heterogeneous pathology.

AD researchers have similarly recognized that earlier intervention is required to develop
successful disease-modifying treatments. A hallmark of AD, g-amyloid (designated ‘A”), is
present in plaques even before symptomatic disease. Phosphorylated tau (designated “T”)

is also an AD hallmark and is found in neurofibrillary tangles as a marker of disease
progression. Finally, total tau (designated ‘N’) is a non-specific marker of neurodegeneration
(44). The AD signature biomarker profile is always A positive but can be positive or
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negative for T and/or N. Subsequently, combining A, T, and N biomarker status with
cognitive impairment symptoms has enabled researchers to deconstruct dementia into
several clinical syndromes, of which AD is one (Fig. 4) (45)(46). This concept has been
incorporated into the recent National Institute on Aging and Alzheimer’s Association (NIA-
AA) 2018 AD classification criteria (Table 1), which has allowed greater flexibility in

trial design, as trial participant specificity can be adjusted by different ATN combinations.
This classification system has also enhanced the recruitment of early- and pre-symptomatic
participants. Post-trial ATN biomarker combinations can be used to retrospectively probe
participant profiles and identify subgroups of interest, for example, to characterize test-drug
responders. When new biomarkers are discovered, the ATN nomenclature remains versatile,
as another letter designation can easily be added. It is important to note, however, that this
classification framework is designed for research use only (i.e., for defining homogenous
clinical research cohorts) and not for any clinical purpose.

As a demonstration of effectiveness, in a recent trial, the ATN criteria proved more
discriminatory of drug effect than the clinical symptoms (47). Another application of this
biological approach is the recent FDA conditional approval of aducanumab (a monoclonal
antibody that binds directly to amyloid beta plaques, facilitating their removal by host
immune mechanisms) to treat patients with AD under its Accelerated Approval Program
(48). The FDA'’s stance regarding these data was that amyloid plaque levels represent a
surrogate biomarker of cognitive decline and that their reduction predicts clinical benefits.
Note that to gain full approval under the Accelerated Approval Program, the sponsor must
still provide further phase 4 trial evidence confirming clinically relevant effects.

For AD, the identification of p-amyloid as a pre-symptomatic pathognomonic structural
hallmark of disease created the ability to develop biological classification criteria for pre-
symptomatic subjects and, therefore, possibilities for drug intervention before cognitive
decline. At present, as no such hallmarks have been validated for OA, moving to a biological
classification framework is currently not possible. However, much research is ongoing

to develop pre-radiographic detection of OA using MRI, other specialized imaging, deep
learning techniques, and molecular biomarkers (49)(50)(51). If any become validated as risk,
diagnostic, or predictive OA biomarkers (as defined by the FDA-NIH Biomarker Working
Group) (52), these will facilitate the development of OA classification systems, research-
focused biological disease frameworks, and new means of patient targeting. Considering
disease diagnosis, AD is now known to be a subset of dementias, whereas knee OA remains
a ‘catch-all’ diagnosis. It is still not clear whether OA is a single disease or many diseases;
thus, more research is needed on early OA and OA phenotypes.

Optimizing the assessment of pain and structural outcomes in osteoarthritis clinical

studies

Improving the sensitivity of pain assessment in OA clinical trials might more readily reveal
the efficacy of treatments. Some evidence suggests that WOMAC and KOOS are less
sensitive to change than a global knee pain question, suggesting that the latter may be
preferred in trials (53)(54). Other approaches to pain surveys may have an even greater
sensitivity to change, including composite measures (55), patient preference measures, and
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even asking the patient to carry out an activity that is likely to induce pain and then assess
pain severity (56).

The placebo response in clinical trials has compromised our ability to detect treatment-
placebo differences (57). One approach might be to minimize possible responses by (1)
lowering expectations about treatment, (2) excluding persons whose pain scores vary greatly
from day to day, and (3) training potential participants to accurately score pain stimuli or

use a secondary outcome could be staircase-evoked pain using a recently validated protocol
(58).. For instance, the trial could include a script with recruitment that does not promise that
the patient’s pain will improve (minimizing expectation and thereby placebo response),.

Consistent relationships exist between OA symptoms and select structural features,
including large BMLs, synovitis and effusion, and cartilage volume/thickness (59). Cartilage
remains the primary structural outcome targeted by therapeutic agents, but it is only one
of many pathologic features of OA, as OA is a disease of the whole joint organ. Healthy
cartilage has no pain fibers, and the correlation between cartilage loss and pain reduction
is weak. This underlies the failure of much drug development in OA. Other structures,
also part of the pathologic process of OA, are innervated by nociceptors, and their changes
are associated with both pain change and cartilage loss. These structures, including BMLSs,
synovitis, and bone shape, are likely to be more responsive to therapeutic agents and to
correlate better with pain change than treatments targeting cartilage (60)(61)(62), although
we need efficacious treatment to affect these structures.

The design of future OA trials should also focus on reducing the problem of regression to
the mean(63). In addition to specific statistical approaches, researchers can take multiple
baseline measurements to select participants based on the average of their multiple
measurements, not just on a single test. Control of this issue is best achieved during the
design stage by conducting a RCT.

Should we consider other pain-associated features, such as gait?

Given the importance of function, it is essential to consider whether objective function or
patient-perceived function will be used as outcome measures or whether it is necessary to
identify a new objective functional outcomes that correlates with the PROs. Changes in gait,
quality, and quantity may be the ultimate outcome prior to total joint replacement (TJR).
Gait is a patient-specific measure that may be quantified more objectively and robustly than
TJRs. As stated by the FDA and EMA, any drug approved for use must have a positive
effect on how a patient feels or functions and must be interpretable with respect to the
expected clinical benefit. Two recent studies (64)(65) have highlighted weak correlation

and poor construct validity between PRO measures and the commonly used functional

tests: 6 minute walk test, 40 m walk test, timed up and go (TUG) test, and stair climb.

The MOST study (66) evaluated whether patients with clinically meaningful worsening
knee pain at two years, defined as =220% rise in WOMAC pain, walked fewer steps. The
presence of radiographic OA and consistent frequent knee pain at baseline and the clinically
meaningful worsening of knee pain over two years were not associated with a meaningful
decline in walking. These findings suggest that simple step count and patient-reported pain
worsening are discordant. Longitudinal data over six months in the IMI APPROACH project
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(67) showed that certain gait kinematic parameters were related to subjective function, a
PROM, while others were related to objective function. In summary, there are no simple
objective functional tests whose improvements correlate with patient perceptions. Some
evidence shows that gait kinematic data may help bridge the gap between subjective and
objective functions. However, these measurements are not currently accepted as primary
outcome measures, despite offering a relatively objective quantifiable measure of function.
Nevertheless, it is hoped that this situation will change as more evidence is gathered to
confirm how they relate to how a person feels, including their pain, and these data are
presented to regulatory bodies.

Reflections on the regulatory considerations related to biomarkers and assessment of
long-term benefits in OA from the FDA

The basis of the FDA’s regulatory decision-making is weighing the clinical benefit, which
is generally defined by an improvement in how a patient feels, functions, or survives, versus
the potential or known risks of a product. In that framework, every product is expected to
show clinical benefits. Respectively, endpoints in trials of OA treatments are also expected
to demonstrate clinical benefit or, at least, be interpretable with respect to the expected
clinical benefit.

The FDA considers many outcome measures in a clinical program, and each measure
addresses different questions in drug development. For example, clinical efficacy endpoints
that measure how a patient feels, functions, or survives are used in clinical programs
supporting traditional approval, while surrogate endpoints are expected to predict clinical
benefit, or harm, and can be used in certain situations to support an accelerated approval.
Biomarkers, on the other hand, are objective measures of a normal biologic process, a
pathogenic process, or a pharmacologic response to an intervention that may be helpful in
early clinical development to identify therapeutic targets, the biological activity of a product,
and/or appropriate doses, etc.

Using PRO measures that assess reduction in pain, patient global assessment, and/or
improving function in short clinical trials has successfully supported the traditional approval
of symptomatic treatments for OA. However, due to the complex etiopathogenesis of

OA and its slow progression, the clinical benefits related to changes in biomarkers, such

as common measures of structural progression or biochemical markers, remain elusive

to capture and represent an unmet medical need. Thus, defining the clinical benefit(s)

of therapies intended to alter the natural history of OA is critical for expediting the
development of such therapies. Specifically, to use structural/biochemical markers in the
benefit-risk assessment of a product, one needs to be able to describe the clinical benefit
expected from the biomarker change; this means that a high level of characterization is
needed regarding the relationship of the endpoint to the anticipated defined clinical benefit.

To help address this knowledge gap, based on analyses of Osteoarthritis Initiative (OAI)
data, reviewers at the FDA proposed a conceptual approach with a composite endpoint
using total knee replacement rates and unacceptable levels of pain and disability to define
severe disease (68). Therefore, demonstrating a delay in the development of severe disease
would be a clinically meaningful long-term benefit of a product intended to change the
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disease course in OA and could provide key evidence on the much-needed understanding
of how a biomarker change can predict that clinical benefit. This approach can be further
complemented by employing enrichment strategies, studies in models of accelerated OA,
and innovative trial designs. The FDA recognizes the important public health need in OA
and is open to collaborating with all stakeholders to bring safe and effective treatments for
OA to market.

Reflections on the osteoarthritis drug development landscape of EMA

Even though its latest update was in 2010, the EMA guideline on OA (CPMP/EWP/784/97
Rev. 1) can, in many respects, still be seen as relevant guidance for the development

of new drugs to treat OA. It currently distinguishes between drugs that provide fast
symptom relief for the treatment of acute flares, symptom-modifying slow-acting drugs,
and disease-modifying drugs that show properties impacting the structural progression of the
disease. Separate considerations are given for symptom- and disease-modifying medicinal
products in terms of primary and secondary endpoints as well as the instruments being
used to measure these endpoints. For pain, a patient elicited measurement on a continuous
visual analog scale is preferred over a numerical rating scale, which, however, may also

be acceptable. A study participant’s function should ideally be captured as a co-primary
endpoint, using validated disease- and joint-specific instruments.

Clinical endpoints, such as the need for joint replacement, time to the need for virtual

or actual surgery, and long-term clinical evolution (of pain and disability), are favored

for the assessment of drugs with the potential to slow disease progression. However, as

an alternative, the measurement of radiographic joint space narrowing, which is shown to
correlate with the need for TJR, may also be accepted as a primary endpoint. In this case,
a clinically relevant effect needs to be pre-determined, and an evaluation of improvement
in pain and function should be incorporated to support the surrogacy value of radiographic
changes. Both MRI as a method of quantification of cartilage and various biomarkers as
predictors of progression and response to treatment require further validation.

In general, relatively few development programs aimed at the treatment of OA have been
seen over the past few years. With the hope of more activity emerging in the field, it will

be important to revise the EMA guidance on OA. Such a revision may give a clear outline
of intended therapeutic claims, such as improvement of symptoms and functional disability,
slowing of the disease course, or prevention of structural damage; it may further specify
definitions and use of clinical and imaging endpoints and include new clinical trial design
considerations.

To envisage alternative study designs, parallels could be drawn with new insights gained

in OA and type 1 diabetes mellitus, both of which have been recognized as multifactorial
and heterogeneous diseases that may be subdivided into different molecular endotypes.
Different molecular endotypes could merit stratification in clinical trials, with potential
enrichment designs and the selection of relevant outcome measures. Another approach
could be to consider delayed-start designs, taking into account the often slowly progressive
disease course, where the benefit of early intervention may be observed over extended
treatment periods to confirm the improvement of the long-term structural outcome. These
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two scenarios might be seen as part of a wider research agenda for clinical trial designs

that could facilitate the identification of new safe and efficacious treatments for OA.

The importance of including PROs to reflect the patient’s perspective on the disease and
treatments received is recognized by the EMA and will be further strengthened in the future.

Conclusion

In conclusion, although many challenges remain in OA drug development, a more
nuanced understanding of OA pain, its heterogeneity, and the means of relating it

to structural modification is expected to advance the field of OA therapeutics. The

OA research community—academic and industry—brought together through regulatory
agency representatives under the OARSI banner are optimistic that these developments
and continual close collaboration will result in meaningful improvements in options for
providing substantive clinically meaningful therapies for OA in the not-too-distant future.
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Figure 1:
Variability of pain in individuals with different degrees of structural severity. The two figures

illustrate identical datasets of baseline WOMAC pain as a mean +standard error of the mean
(SEM) (Figure A), and the same data as a point scatter plot (Figure B). Based on data on file
from the OA oral Calcitonin studies, N=2,206, NBCD A/S and Nordic Bioscience A/S)(5)
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Nociceptive

Inflammation

Figure 2:
Venn diagram of three types of pain and their overlap in OA. Nociceptive pain: Injury

and inflammation. Neuropathic pain: Nerve lesion. Nociplastic pain: Central sensitization.
These different pain types may show similar effect size on WOMAC but represent different
pathologies that may need different treatments.
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CONTRIBUTIONS TO PAIN

OA nociception M sensitization M psychosocial W widespread pain
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Figure 3:
hypothetical example of 4 potential study participants being considered for enrollment into

a trial. The numerical values in the bars reflect the hypothetical relative proportion of
mechanisms contributing to the individual’s pain experience
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Time

Schematic illustration of disease activity versus disease status. A: Total disease activity may
be independent of disease status. B: Targeting of intervention may need to consider periods
of mechanism-based disease activity assessments that influence overall disease status rather
than solely targeting based upon disease status without consideration of disease activity.
Additionally, the treatment target should be matched to the specific mechanism contributing
to the disease activity. Reproduced with permission from (1)
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Figure 5:
Descriptive nomenclature Venn diagram. We illustrate how AT(N) biomarker grouping and

cognitive status interact for classification of research participants in this Venn diagram.

For simplicity, MCI and dementia are combined into a single (cognitively impaired)
category and the A—T—(N)- groups are not shown. Also “Alzheimer’s and concomitant
non-Alzheimer’s pathologic change” [A+T—(N)+] in cognitively impaired is not shown in
this figure. Abbreviation: MCI, mild cognitive impairment. Reprinted with permission from
(46).
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Table 1.
Deconstructing Alzheimer’s Disease: shifting from clinical to biomarker constructs of

dementia syndromes - IA-AA 2018 classification criteria:

IA-AA 2018 criteria for dementias represent a paradigm shift in disease classification from clinical to
biological (biomarker) constructs for dementia syndromes. This framework is designed for use in clinical trials
and research only, and not for clinical practice. Reprinted with permission from (56).

Cognitively Unimpaired Mild Cognitive Impairment Dementia
AT~ (N) - | Normal AD biomarkers; Normal AD biomarkers with MCI Normal AD biomarkers with
cognitively unimpaired dementia
A* T~ (N) - | Preclinical Alzheimer’s Alzheimer’s pathological change Alzheimer’s pathological
pathological change with MCI change with dementia
A*T* (N) -~ | Preclinical Alzheimer’s Alzheimer’s Disease with MCI Alzheimer’s Disease with
Disease (Prodromal AD) dementia
A+T+ (N) +
Biomarker - - - - - -
profile A* T~ (N)* | Alzheimer’s and concomitant Alzheimer’s and concomitant Alzheimer’s and concomitant
suspected non Alzheimer’s suspected non Alzheimer’s suspected non Alzheimer’s
pathologic change, cognitively pathologic change, with MCI pathologic change, with
unimpaired dementia
A-T*(N)~ | Non-Alzheimer’s pathologic Non-Alzheimer’s pathologic Non-Alzheimer’s pathologic
change, cognitively unimpaired | change, with MCI change, with dementia
AT (N)*
AT (N)*

Abbreviations: Ap = amyloid; CSF = cerebrospinal fluid); A = aggregated Ap or associated pathological state (CSF AB42 or AB42/40
ratio Amyloid PET); T = aggregated tau (neurofibrillary tangles) or associated pathologic state (CSF phosphorylated tau, Tau PET); (N) =

neurodegeneration, (anatomical MRI, FDG-PET, CSF total tau); AD = Alzheimer’s Disease; MCI = mild cognitive impairment; Shaded area = AD

continuum
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