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                     Despite the signifi cant public health issue that it poses, only 
fi ve medical treatments have been approved for Alzheimer’s 
disease (AD) and these act to control symptoms rather than 
alter the course of the disease. Studies of potential disease-
modifying therapy have generally been undertaken in patients 
with clinically detectable disease, yet evidence suggests that 
the pathological changes associated with AD begin several 
years before this. It is possible that pharmacological therapy 
may be benefi cial in this pre-clinical stage before the neu-
rodegenerative process is established. Techniques providing 
earlier diagnosis, such as cerebrospinal fl uid biomarkers and 
amyloid positron emission tomography neuroimaging, are key 
to testing this theory in clinical trials. Recent results from trials 
of agents such as aducanumab are encouraging but must also 
be interpreted with caution. Such medicines could potentially 
delay the onset of dementia and would therefore markedly 
reduce its prevalence. However, we currently remain a good dis-
tance away from clinically available disease-modifying therapy.   
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  Introduction 

 Dementia is a general term for a decline in cognitive ability 
severe enough to interfere with daily life. Alzheimer’s disease 
(AD) accounts for almost three-quarters of cases of dementia, 
with the remainder accounted for by vascular dementia (VaD), 
mixed Alzheimer’s and VaD, dementia with Lewy bodies, and 
frontotemporal dementia. 

 To many clinicians, the contrast between the significant 
advances in the last two decades in medical treatment for a 
wide range of illnesses, including targeted therapies, such 
as herceptin, for many cancers, as well as revolutionary 
combination drug therapies for HIV, and the lack of progress 
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in the pharmacological treatment of dementia due to AD and 
other causes is surprising. However, it is increasingly clear that 
whereas the former illnesses are almost invariably well-defined 
and circumscribed disease entities, the syndrome of dementia 
is a multifactorial condition for most patients,  1   and even within 
diagnostic entities such as AD, it is likely that there are sub-
classifications of therapeutic significance. 

 Both of these findings have significant ramifications 
for treatment. The enmeshing of vascular disease and 
neurodegenerative illness in later life mean that dementia in 
later life is best viewed as a geriatric syndrome. The relevance of 
this conceptualisation is that geriatric syndromes, such as falls, 
rarely respond to single interventions, and pharmacological 
interventions are likely to succeed best in terms of one 
component of a package, which might include medication 
review, nutrition and exercise intervention, and cognitive 
stimulation/training, an approach supported by a recent 
multi-modal intervention study among older people at risk of 
developing dementia.  2   

 Despite the significant public health issue that dementia 
poses, to date only five medical treatments have been approved 
for AD, involving only two classes of drugs, and these act to 
control symptoms rather than alter the course of the disease. 
Additionally, relatively few clinical trials have been undertaken 
in AD in the last decade, and these have had a 99.6% failure 
rate.  3   As a result, the goal of disease-modifying therapy remains 
elusive, with the currently available medications acting to 
control symptoms only. In this review, we summarise current 
pharmacological treatment for AD, as well as highlighting 
potential future therapies, while reflecting on the underlying 
aetiological mechanisms on which these treatments are based.  

  Neurodegenerative pathways implicated in AD 

 Several overlapping mechanisms have been proposed to explain 
the underlying pathology of AD, and both current and potential 
future treatments are based on modification of these pathways 
 (Fig 1).   

  Amyloid cascade hypothesis 

 The amyloid hypothesis of AD began to gain traction in the 
1990s, and centres on abnormal processing of the amyloid 
precursor protein (APP), leading to production of amyloid-
beta (Aβ).  4   Secretase enzymes cleave APP and aberrancy 
of this process, specifically mutations in gamma and beta-
secretases, can lead to the abnormal production of Aβ.  5   Aβ 
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can then trigger a cascade leading to synaptic damage and 
neuron loss, and ultimately to the pathological hallmarks 
of AD: amyloid plaques and neurofibrillary tangles (NFTs) 
composed of hyperphosphorylated tau protein, with resulting 
neurodegeneration (Fig  1 ).  6    

  Tau hypothesis 

 Tau is a protein expressed in neurons that normally functions 
in the stabilisation of microtubules in the cell cytoskeleton.  7   
Hyperphosphorylation causes it to accumulate into these NFT 
masses inside nerve cell bodies. These tangles then aberrantly 
interact with cellular proteins, preventing them from executing 
their normal functions. Hyperphosphorylation occurs 
downstream of Aβ, with research suggesting that accumulation 
of Aβ may initiate this process.  8   Additionally, there is evidence 
that toxic tau can enhance Aβ production via a feedback loop 
mechanism.  9    

  Cholinergic hypothesis 

 An initial breakthrough in AD came in the 1970s with 
the demonstration of a cholinergic deficit in the brains of 
patients with AD, mediated by deficits in the enzyme choline 
acetyltransferase.  10   This, along with the recognition of the role 
of acetylcholine in memory and learning, led to the cholinergic 
hypothesis of AD and stimulated attempts to therapeutically 
increase cholinergic activity. Cholinergic depletion is a late 
feature of the neurodegenerative cascade. Cholinesterase 
inhibitors block the cholinesterase enzyme, which breaks down 
acetyl choline at the synaptic cleft, potentiating cholinergic 
transmission.  

  Excitotoxicity 

 Excitotoxicity, defined as overexposure to the neurotransmitter 
glutamate, or overstimulation of its  N -methyl-D-aspartate 

(NMDA) receptor, plays an important role in the progressive 
neuronal loss of AD.  11   It is thought that loss of cholinergic 
neurons is affected by this process, resulting in excessive influx 
of calcium into cells.  

  Other important aetiological mechanisms 

  Vascular disease 
 While traditionally it was felt that vascular disease was the 
underlying factor in the development of VaD, it is clear that 
vascular burden also plays a role in AD pathogenesis, and 
that there is significant overlap between these two dementia 
subtypes.  12   Vascular risk factors, such as high BMI, smoking, 
hypercholesterolemia and hypertension, have been associated 
with an increased risk of developing clinical AD.  13   While 
vascular lesions such as cerebral amyloid angiopathy and 
white matter hyperintensities are common in patients with 
AD,  14   hypertension is also associated with the development of 
specific neuropathological hallmarks of AD such as NFTs,  15   
and this association appears to be stronger when hypertension 
is present in mid rather than late life.  16   Thus, vascular disease 
may directly affect amyloid plaques or NFTs by increasing their 
formation or reducing their elimination from the brain.  17   

 Given these findings, it would seem to follow that control of 
vascular risk factors may slow the rate of decline of cognition 
in patients with AD; however, this is not yet supported by data 
from randomised controlled trials.  18    

  Diabetes and hyperinsulinaemia 
 There is a well-established association between diabetes 
and AD  19   and while vascular burden undoubtedly plays a 
role in this, it appears insulin dysregulation and abnormal 
central nervous system (CNS) insulin metabolism  20   are 
also important independent factors. Insulin can cross the 
blood–brain barrier and is also produced in the CNS. Some 
studies have suggested a role for CNS insulin in controlling tau 

 Fig 1.       Aetiology of Alzheimer's 
disease with therapeutic 
targets.  A – secretase enzyme 

inhibitors; B – NMDA receptor 

modulators, eg memantine; 

C – immunotherapy, including 

immunisation and direct anti-

amyloid therapy, including mono-

clonal antibodies; D – anti-tau 

therapy; E – anti-infl ammatory 

treatments, including NSAIDs; 

F – anticholinesterase inhibitors, 

eg donepezil. APP = amyloid pre-

cursor protein; NFTs = neurofi bril-

lary tangles; NMDA =  N -methyl-D-

aspartate; NSAIDs = non-steroidal 

anti-infl ammatory drugs.  
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phosphorylation and protecting against Aβ accumulation via 
insulin degrading enzyme,  21   while others have demonstrated 
lower levels of insulin in the cerebrospinal fluid (CSF) of 
people with AD.  22   The potential pathway for this involves 
peripheral hyperinsulinaemia downregulating insulin uptake 
across the blood–brain barrier because of oversaturation above 
physiological levels.  23   This results in the downregulation 
of insulin-degrading enzyme in the brain, which mediates 
amyloid clearance. Less insulin signalling may also enhance the 
activity of the enzyme glycogen synthase kinase 3, which can 
promote formation of tau and NFTs.  24   

 These findings have led to the theory that drugs used in 
diabetes may be able to modify the pathophysiology of AD  25   
and a study of intranasal insulin as a therapy in mild cognitive 
impairment (MCI) and AD is currently being conducted after 
encouraging results from small pilot studies.  26    

  Apolipoprotein gene 
 The Apo epsilon 4 (Apoe4) allele of the apolipoprotein (apo) 
gene, coding for a protein involved in cholesterol metabolism 
and lipid transport, has been identified as the primary genetic 
risk factor for AD.  27   Individuals with one copy of the e4 allele 
have a three-fold higher chance of developing AD, while those 
with two alleles have an odds ratio of 14.9 for developing AD.  28   
The mechanism by which Apoe4 increases the risk of AD 
remains unclear but it may act via its effect on Aβ aggregation 
and clearance, thereby influencing the onset of Aβ deposition. 
Other proposed mechanisms include effects on synaptic 
function, neurotoxicity, hyperphosphorylation of tau, and 
neuroinflammation.  29   It has been proposed that modulation 
of the Apo-related receptor at the blood–brain barrier may 
offer a therapeutic target to affect Aβ clearance, while other 
therapeutic options may include modulation of Apoe4 levels 
or converting Apoe4 to Apoe3, but clinical trials are currently 
lacking in this regard.  30    

  Neuroinfl ammation 
 Neuroinflammation, an inflammatory response in the CNS 
characterised by accumulation of glial cells, appears to be 
a central event in AD pathophysiology.  31   The brain was 
traditionally considered an ‘immune-privileged’ organ, 
isolated from the immune system by factors such as the 
blood–brain barrier and apparent inability of brain immune 
cells to mount an innate immune response,  32   but opinion 
on this has subsequently shifted dramatically. In the 1990s, 
seminal epidemiological evidence suggested that anti-
inflammatory drugs may have a protective effect in AD  33   
and neuroinflammatory cascades are now considered an 
important target for treatment in AD,  34   and both amyloid 
plaques and NFTs may act as drivers for this immune 
response. 

 Unfortunately, meta-analyses have demonstrated no benefit 
of non-steroidal anti-inflammatory drugs, aspirin or steroids 
over placebo in patients with already symptomatic AD;  35   
however, some evidence suggests that naproxen may have a role 
in prevention of AD in healthy older people.  36   It may be that 
the therapeutic window for such treatment occurs early in the 
disease process and as such, by the time symptoms emerge, this 
opportunity has been lost.  37      

  Drug therapy 

 Much of the research in AD in the last decade has been directed 
towards disease-modifying therapy that will alter the course 
of the disease rather than act on symptoms alone, however 
the lack of effective disease-modifying drugs arising from 
these studies reflects the challenges involved in developing 
a therapeutic agent with potential to modify the course of a 
disease as complex as AD.  38   

  Approved drug treatments 

  Cholinesterase inhibitors 
 Tacrine was the first-generation cholinesterase inhibitor but was 
limited by hepatotoxic side effects.  39   Donepezil, rivastigmine 
and galantamine then followed, with the former probably the 
most widely used agent. 

 Efficacy appears similar between these different agents so 
choice should be based on cost, individual patient tolerance and 
physician experience. 

 Donepezil is prescribed at an initial dose of 5 mg in the 
evening, increased to 10 mg after one month if appropriate.  40   
Response is gauged by a rating of better memory, function or 
behaviour by the patient or carer: there is no point in trying 
to measure change with brief mental status schedules such as 
the mini mental state examination, as these are not designed 
to detect clinically relevant change. If there is no response 
after three months of treatment it is reasonable to consider 
stopping the medicine at that stage although opinions around 
this can differ. Common side effects are gastrointestinal, 
fatigue and muscle cramps, and all patients should have an 
electrocardiogram prior to commencing a cholinesterase 
inhibitor because of the risk of sick sinus syndrome and other 
conduction abnormalities. Care should be taken if considering 
commencing a cholinesterase inhibitor in a person with a 
history of peptic or duodenal ulcer disease. Small numbers 
of patients may exhibit an acute worsening of cognition or 
agitation on starting; in which case, the medicine should be 
stopped immediately. 

 Average effects on cognition and function are generally 
modest  41   and response rates are variable, with around one-
third of patients showing no benefit and a smaller proportion 
(around one-fifth) showing larger benefit. It is expected that 
about one-third of patients may not tolerate a cholinesterase 
inhibitor because of side effects.  

  Memantine 
 Memantine uncompetitively blocks the NMDA receptor  42   and, 
thus, may be neuroprotective by preventing neuron loss, as 
well as improving symptoms by helping to restore function of 
damaged neurons (Fig  1 ). 

 Memantine is initially prescribed at a dose of 5 mg daily, 
increasing weekly by 5 mg to a maximum dose of 20 mg.  40   
It is generally well tolerated, with fewer side effects than 
cholinesterase inhibitors, although dizziness, headache, 
somnolence, constipation and hypertension can occur. 

 Memantine has been shown to have modest benefits in 
moderate to severe AD, with little evidence supporting its 
use in milder AD.  43   Additionally, the addition of memantine 
to donepezil monotherapy may be beneficial in those with 
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mid-stage AD or who are deteriorating cognitively.  44   Neither 
memantine nor donepezil are beneficial in MCI. 

 While these medications represent our best current available 
pharmacological treatments in AD, they have relatively 
small average overall effect and do not alter the course of 
the underlying neurodegenerative process. It is likely that 
the down regulation of cholinergic transmission occurs 
too far downstream in this process for treatments such as 
cholinesterase inhibitors to exhibit such an effect.  45   With this 
in mind, targeting the pathological process ‘upstream’ has also 
been the focus of much attention (Fig  1 ).    

  Potential future drug treatments 

  Anti-amyloid therapy 

 Until recently, several high-profile clinical trials of 
pharmacological agents targeted at modifying this amyloid 
cascade have been undertaken, with largely disappointing 
results. These agents generally had three different target sites: 
directly targeting Aβ, and either the gamma or beta-secretase 
enzymes involved in APP cleavage.  46   

  Beta-secretase enzyme 
 Small molecule beta-secretase inhibitors have demonstrated 
reduced CSF beta-amyloid compared to controls. Phase II/
III clinical trials of two agents, AZD3293 and MK-8931, are 
underway and due to be completed in 2019.  47    

  Gamma-secretase enzyme 
 Phase III clinical trials of semagacestat, a small molecule 
gamma-secretase inhibitor,  48   including over 3,000 patients, 
were discontinued in 2010 because of no improvement in 
cognition in the study group and worsening cognition at higher 
doses compared to controls.  49   Incidence of skin cancer was also 
higher in the study group. 

 Tarenflurbil, related to the NSAID flurbiprofen, has been 
shown to reduce levels of Aβ by modulating the gamma-
secretase enzyme, but demonstrated no improvement in 
cognition or function compared with placebo in phase III trials 
involving almost 1,700 patients.  50     

  Immunisation 

 The initial human clinical trial of active immunisation against 
Aβ with the agent AN 1792 was stopped because of cases 
of meningoencephalitis in 6% of subjects.  51   Subsequently, 
phase II trials of passive immunisation with intravenous 
immunoglobulin containing Aβ antibodies in a small number 
of patients with mild to moderate AD has been shown to be 
safe and potentially efficacious but phase III studies found no 
evidence for slowing progression of AD.  52    

  Monoclonal antibodies 

 Bapineuzumab, a monoclonal antibody to Aβ,  53   underwent a 
phase III clinical trial from 2007 to 2012 in patients with mild 
to moderate AD. It was shown to reduce the rate of amyloid 
accumulation in Apoe4 carriers but did not demonstrate any 
treatment effect on either cognitive or functional outcomes 
despite engaging its target.  54   

 However, another monoclonal antibody, solanezumab, 
completed two phase III trials in 2012 and failed to reach 
predefined end points in patients with mild to moderate AD.  55   
Subsequently, pooled analysis showed that cognitive scores in 
a subgroup of patients with milder symptoms showed small 
benefits and an extension study, where those previously taking 
placebo crossed over to solanezumab, was undertaken. The 
difference in cognitive scores between these two groups was 
sustained for a further two years, suggesting that, while the 
absolute benefit was small, solanezumab had a potentially 
disease-modifying effect during the placebo-controlled 
phase.  56   

 While this may represent the first evidence of disease 
modification on AD, results must be interpreted with caution  57   
and EXPEDITION 3, a placebo-controlled trial in mild AD, 
is ongoing with the aim of clarifying the results seen in this 
cohort. 

 Another monoclonal antibody, aducanumab, has shown 
promising results in patients with pre-clinical and mild AD. 
Phase Ib studies of 165 patients with pre-clinical/mild AD, 
demonstrated dose-dependent reductions in brain Aβ, as well 
as dose-dependent slowing of mini mental state examination 
and clinical dementia rating at one year and phase III studies 
are commencing soon.  58    

  Tau-targeted therapy 

 Tau-targeted strategies that are currently in clinical trials 
include agents to prevent hyperphosphorylation, as well as those 
targeting microtubule stability and aggregation.  59   Both lithium 
and valproic acid may act to inhibit tau phosphorylation  60   but 
randomised controlled trials of these agents were negative.  61   
More recently, a phase II clinical trial of methylthioninium, a 
tau aggregation inhibitor, has demonstrated minor benefits in 
cognition in patients with both mild and moderate AD after 
50 weeks therapy and there are plans to proceed to phase III 
trials.  62     

  Future directions 

 Studies of potentially disease-modifying therapy up to now 
have generally been undertaken in patients with clinically 
detectable, established disease, while mounting evidence 
suggests that the pathological changes associated with dementia 
begin to occur several years before the emergence of the clinical 
syndrome.  63   It is possible then that pharmacological therapy 
may be more beneficial in this pre-clinical stage before the 
neurodegenerative process has been established. Techniques to 
provide earlier diagnosis are key to testing this theory in clinical 
trials, facilitating trials in presymptomatic phases. 

  Early diagnosis 

 Currently, earlier diagnosis of AD is primarily based on CSF 
and neuroimaging biomarkers, reflected in new research 
diagnostic criteria for AD. 

  Cerebrospinal fl uid biomarkers 
 Reflecting the underlying neuropathology of AD, CSF markers 
of amyloid and tau are reliable diagnostic tools to detect 
dementia. CSF Aβ42 is decreased in patients with AD, possibly 
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because of deposition of the peptide in plaques.  64   However, a 
decreased ratio of Aβ42/Aβ40 appears to be a more reliable 
marker than Aβ42 alone. Elevated total tau is a very sensitive 
marker for detection of AD but is also increased in other 
dementias, including VaD and frontotemporal dementia, 
while elevated phosphorylated tau, the major component of 
NFTs, is more specific than total tau. Combinations of these 
CSF markers have been used to improve diagnostic potential 
in early stages of AD, for example, MCI patients with both low 
Aβ42 and high tau levels were shown to have a substantially 
increased risk of developing AD.  65   Despite this, the 
discriminatory power of CSF biomarkers in the differential 
diagnosis remains somewhat suboptimal as a lone diagnostic 
test  66   and current strategies for presymptomatic evaluation 
involve combining results with neuroimaging findings.  

  Neuroimaging 
 Traditionally, structural neuroimaging in AD was used to rule 
out alternative diagnoses when presentations were atypical, 
eg brain tumours. However, functional imaging modalities 
such as 18F-fluorodeoxyglucose positron emission tomography 
(FDG-PET), are now able to detect loss of neuronal function 
in asymptomatic individuals by measuring cerebral metabolic 
rates of glucose metabolism (CMRglc), a surrogate marker for 
neuronal activity.  67   Patients with early AD demonstrate reduced 
CMRglc in parietotemporal, frontal and posterior cingulate 
cortices.  68   These changes have also been shown to precede the 
onset of symptoms in individuals genetically at risk for AD,  69   as 
well as in patients with MCI.  70   However, there is some overlap 
of the hypometabolic regions found in AD with those found 
in other dementia subtypes, and the additional use of amyloid 
PET, which can estimate amyloid plaque surface area, improves 
diagnostic accuracy.  71    

  Re-evaluating research diagnostic criteria 
 The need for presymptomatic diagnosis of AD has dictated 
that new research diagnostic criteria have been proposed, 
formalising the view that AD exists on a continuum from the 
presymptomatic phase, to a symptomatic, pre-dementia phase 
(MCI) and then to AD.  72   In these new criteria, biomarkers 
are used to establish the presence of presymptomatic AD in 
research subjects with no or very subtle overt symptoms. Three 
pre-clinical stages of AD are proposed for research purposes: 
asymptomatic amyloidosis, asymptomatic amyloidosis with 
neurodegeneration, amyloidosis with neurodegeneration and 
subtle cognitive decline.  73   

 These diagnostic criteria will facilitate a more formalised 
approach to the diagnosis of presymptomatic AD and provide 
a framework for studying early interventions in AD. While this 
definition of presymptomatic AD is certainly useful to, and 
will be primarily used in the research environment, we must 
also be mindful of the ethical implications of presymptomatic 
diagnosis of a disease with relatively ineffective available 
medical treatment.   

  Better trial design 

 Better selection of patients for clinical trials may yield 
more favourable clinical outcomes. For example, the ‘mild 
to moderate’ AD group may be too heterogeneous, and 

treatment effects within subgroups could be lost, as seen in 
the solanezumab trials. As well as earlier diagnosis, advanced 
biomarker analysis may also facilitate better selection of study 
subjects by allowing selection of patients with more uniform 
underlying pathology for targeted trials. This individualised 
approach would mirror several cancer therapies where bespoke 
treatment is targeted at specific patients, using markers such as 
HER2.   

  Conclusion 

 Given the rising prevalence of dementia, and the relative 
inadequacy of current available pharmacological treatment, 
the need to develop and implement new therapies is pressing. 
Recent results from trials of agents in AD with potential 
disease-modifying effects are encouraging but must also be 
interpreted with caution. Such medicines could potentially 
delay the onset of dementia and would therefore markedly 
reduce its prevalence and impact;  74   however, currently 
we remain a good distance away from clinically available 
disease-modifying therapy. One would hope, however, that 
with advancing neuroimaging techniques and biochemical 
biomarkers, and an enhanced understanding of the underlying 
pathological processes involved, that this becomes a realistic 
goal in the near future. 

 In addition, while focus on the development of new therapies 
is very welcome, we must also be mindful that dementia is a 
multifaceted, complex disease, which by its nature directs a 
need for a multidisciplinary approach to care. Our focus in 
managing patients with dementia must remain well rounded 
and holistic, concentrating not just on pharmacological therapy 
but also on the complex biopsychosocial aspects of caring for 
this group of patients.      ■
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