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Introduction

There has been considerable interest in developing biomarkers for Alzheimer's disease (AD) that might assist in making a diagnosis or estimating prognosis. [START_REF] Blennow | Cerebrospinal fluid markers for incipient Alzheimer's disease[END_REF] Ideally such markers would be applied in the early stages such as in those with mild cognitive impairment (MCI) [START_REF] Petersen | Mild cognitive impairment: clinical characterization and outcome[END_REF] in order to anticipate those likely to deteriorate. 3 4 Although there are many biomarkers, few have sufficient evidence to support adoption into routine clinical practice. 5 6 One of the most promising candidates is tau, a microtubule associated protein that is incorporated into paired helical filaments present in Alzheimer's disease (AD). An examination of 2369 postmortem cases demonstrated neurofibrillary tangles (NFT) and neuropil thread pathology in the earliest stages of AD the entorhinal cortex. [START_REF] Braak | Aspects of cortical destruction in Alzheimer's disease[END_REF] This is also a feature of MCI. [START_REF] Petersen | Neuropathologic features of amnestic mild cognitive impairment[END_REF] Tau protein is released from afflicted neurons into cerebrospinal fluid (CSF) and increased CSF levels of total tau (that is tau derived from the entire fraction of the tau protein) and phosphorylated tau (p-tau) have been successfully used as a diagnostic markers of AD. [START_REF] Hampel | Core biological marker candidates of Alzheimer's disease -Perspectives for diagnosis, prediction of outcome and reflection of biological activity[END_REF] Most evidence suggests that although total tau (T-tau) may not have sufficient specificity, p-tau may be more promising. 10 11 12 13 14 In recent years immunoassays have become available that measure concentrations of various tau phosphorylation sites in CSF. [START_REF] Vandermeeren | Detection of tau proteins in normal and Alzheimers-disease cerebrospinal-fluid with a sensitive sandwich enzyme-linked-immunosorbent-assay[END_REF] This has particular appeal, because there may be a subtype of abnormal tau phosphorylation that is relatively specific for AD pathology. 16 17 18 Immunoassays have been established for the phosphorylated epitopes threonine 181 (p-tau 181 ), serine 199 (p-tau 199 ) and threonine 231 (p-tau 231 ) as well as combination epitopes (such as threonine 231 plus serine 235 ).

In order to evaluate the clinical importance of p-tau in the management of AD and MCI this report aimed to quantitatively examine studies that have used p-tau in the following roles. Finally, experts in the area were contacted for unidentified studies. If available, raw data from scatter plots was extracted, and full data was requested where not reported in the original reports.

Criteria for Selecting Studies

Studies were appraised based on the STARD criteria and the review guidelines for diagnostic tests from Evidence Based Medicine was followed. [START_REF] Pai | Systematic reviews of diagnostic test evaluations: what's behind the scenes? Evidence-Based[END_REF] The STARD steering group recommends a 25-item checklist for each study. [START_REF] Bossuyt | for the STARD steering group. Towards complete and accurate reporting of studies of diagnostic accuracy: the STARD initiative[END_REF] Those checklist items that would be essential for the integrity of a study, as were those that would be desirable, were agreed in advance by the authors. The following checklist items were considered to be essential criterion 3, criterion 7, criterion 8 and criterion 9. All remaining 21 checklist items were considered to be "desirable". Studies failed the STARD rating if they omitted 1 or more essential items or 5

or more desirable items. Studies of less than 50 subjects were considered as "small", those with 50 to 99 as adequate and those with 100 or more as large.

Statistical Analysis Using Meta-analysis

A meta-analysis is a statistical technique for combining the findings from independent studies. Metaanalysis of trials provides a precise estimate of effect, giving due weight to the size of the different studies included. A proposal for reporting standards of meta-analyses of diagnostic studies has been published. [START_REF] Deeks | Systematic reviews of evaluations of diagnostic and screening tests[END_REF] In addition to calculating overall effect size based on raw data from primary studies, the I 2 test for noncombinability of studies (heterogeneity) was performed. A random effects model was used where heterogeneity was found using the DerSimonian-Laird random effects model. Statsdirect was used for all analysis.

All tau epitopes were combined in the main analysis with individuals results for p181, p199 and p231, subject to sample size limitations. To further ensure the validity of the meta-analysis, studies which presented data analysis on a previously reported subject sample were removed from the final analysis. A search was performed for duplicate publication by examining the raw data distribution for each assay across each published report, comparing individual raw data or summary demographic statistics and where necessary by asking individual authors.

Detailed analysis of clinical applicability when ruling-in cases and ruling-out healthy individuals was calculated using the clinical utility index. The positive utility index (rule-in UI+) = sensitivity x PPV and negative utility index (rule-out UI-) = specificity x NPV. [START_REF] Mitchell | A meta-analysis of the accuracy of the mini-mental state examination in the detection of dementia and mild cognitive impairment[END_REF] Qualitative grading of the UI was >= 0.81 excellent, >=0.64 good, >= 0.49 Satisfactory otherwise poor. [START_REF] Mitchell | Accuracy of Specific Symptoms in the Diagnosis of Major Depressive Disorder in Psychiatric Outpatients -Data from the MIDAS Project. Psychological Medicine 2009 (in press). tau, and risk of Alzheimer disease associated with an intronic CYP46 polymorphism[END_REF] 

Results

Included and Excluded Studies

The search identified 467 studies of interest from over 3000 possible 'hits'. A number of publications were found in non-peer reviewed sources such as conference posters or abstracts, unpublished data (on file with investigators) and articles "in press". This data was entered into our STARD appraisal but reviewed against the same standards. 350 articles did not contain data of CSF phospho-tau in Alzheimer's disease or MCI. Two articles were rejected due to significant duplication of data reported elsewhere. 24 25 57 articles were reviewed using the 25 items STARD criteria. Seven studies were rejected as follows. Four were rejected for failing criterion 7 and criterion 8. 26 27 28 29 One study was rejected for failing criterion 8 alone [START_REF] Hu | Levels of nonphosphorylated and phosphorylated tau in cerebrospinal fluid of Alzheimer's disease patients -An ultrasensitive bienzyme-substrate-recycle enzyme-linked Immunosorbent assay[END_REF] and two studies failed criterion 3. 29 31 No study was rejected on the basis of omission of five or more nonessential items. Overall 51 analyses (comprising 4597 individuals who had received CSF testing) were considered of sufficient quality to enter the meta-analysis. A quorum flow diagram is shown in figure 1.

There were 19 analyses of p-tau in AD versus healthy subjects. In all cases authors recruited from specialist centres, mostly clinics specializing in neurology or dementia.

The criterion reference for a diagnosis of Alzheimer's disease was NINCDS for probable AD and for MCI typically criteria from Mayo clinic or MCI with prospective validation over at least one year in the case of progressive vs non-progressive illness. Regarding the comparison groups, cognitively normal elderly controls were used (although two studies used comparator subjects with subjective memory complaints). 56 57 Regarding sample size there were three AD studies and five MCI that were small, 18 dementia and eight MCI studies were of adequate size (50-99 individuals) and 16 dementia studies and 1 MCI study classed as relatively large. Thus p181 appears to be significantly less sensitive than either p199 or p231 and p231 appears to be significantly less specific than either p199 or p181 (both p =0.01). However, given the limited data for p199 and p231 these findings must be provisional. 

Insert

MCI vs Healthy Controls

From eight analyses involving 447 individuals (of whom 247 had MCI, a prevalence of 55.3%), I² was 85.8% (70.5% for specificity data) suggesting moderate to high heterogeneity, therefore a random effects model was used. The overall pooled weighted sensitivity was 79.6% (95% CI = 64.2% to 91.5%) The overall specificity was 83.9% (95% CI = 73.1% to 92.4%) P-tau would be expected to facilitate 77.4 correct diagnoses for every 100 individuals tested. The positive utility index was 0.62 (satisfactory) and negative utility index 0.58 (satisfactory). There was insufficient data to examine the accuracy of specific epitopes of p-tau.

In specialist settings where the stated prevalence of 55% holds true then the PPV would be 85.9% and NPV 76.9% However, in a lower risk sample where the hypothetical prevalence of MCI was 15%, then the PPV would be 46.6% and the NPV 95.9% assuming the Se and Sp held true.

MCI Progressive vs MCI Stable Subtypes

There where the prevalence of dementia is 30-50% [START_REF] Feldman | A Canadian cohort study of cognitive impairment and related dementias (ACCORD): Study methods and baseline results[END_REF] reasonably high accuracy (82 correct identifications per every 100 screened) can be expected. In primary care where the prevalence of dementia is approximately 15%, [START_REF] Ólafsdóttir | Detection of Dementia in Primary Care: The Linköping Study[END_REF] the PPV would be only 54% although the NPV would be 96% suggesting possible value as a ruleout screening method in this setting. Overall there would be 86 correct identifications for every 100 applications if performed in primary care. P-tau was also able to aid separation of AD from other mixed dementias. Using the pooled prevalence from these studies (66.1%), the PPV would be 86% and the NPV 58%.

One promising role for such biomarkers is in the diagnosis of MCI. P-tau was able to aid differentiation of MCI from healthy controls (some of whom had subjective memory complaints). In specialist settings with a high prevalence, the PPV would be 87% and NPV 72%, however, in a lower risk sample where the prevalence of MCI was 15%, [START_REF] Luck | Mild cognitive impairment in general practice: age-specific prevalence and correlate results from the German study on ageing, cognition and dementia in primary care patients (AgeCoDe)[END_REF] then the PPV would be 44% and the NPV 95%, assuming the Se and Sp held true. P-tau was modestly successful in helping predict which individuals with MCI would progress towards dementia (Se 81%, Sp 65%). At the stated prevalence, the PPV would be 63% and NPV 83%, suggesting that p-tau might be best used to predict who would not progress rather than who might deteriorate. These MCI findings are comparable to previous reports using T-tau and Aβ1-42. 67 These results also compare favourably with other biomarkers used for the diagnosis of AD. The pooled sensitivity and specificity for Aβ1-42 in AD versus controls from 13 studies was 86% and 90% in a previous review. 69 The effect sizes for the current assays were greater than those previously reported for CSF T-tau and CSF ß-amyloid 1-42 although the previous analysis was based on differences in means between samples. [START_REF] Sunderland | Decreased ß-amyloid 1-42 and increased tau levels in cerebrospinal fluid of patients with Alzheimer's disease[END_REF] In fact few studies have compared these biomarkers head-to-head. Using ROC scores, Maddalena et al (2003) found accuracy of Aβ1-42 was almost identical to p 181 when comparing AD with healthy subjects or non-AD dementias. [START_REF] Maddalena | Biochemical diagnosis of Alzheimer disease by measuring the cerebrospinal fluid ratio of phosphorylated tau protein to beta-amyloid peptide(42)[END_REF] Hampel and colleagues (2004) found that for AD vs controls and AD vs FTD p-tau231 was optimal, for AD vs DLB and AD vs VaD p-tau181 was optimal but for AD vs non-AD dementias, a combination of p-tau231 and p-tau181 was optimal. [START_REF] Hampel | Measurement of Phosphorylated Tau Epitopes in the Differential Diagnosis of Alzheimer Disease: A Comparative Cerebrospinal Fluid Study[END_REF] Kapaki et al (2007) found that p 181 was the optimal biomarker to separate AD from normal pressure hydrocephalus, but it was outperformed by total tau and Aβ1-42 when separating AD from healthy individuals (AUC 0.84, 0.87, 0.96). 46 In fact the best combination biomarker in this study was T-tau / p-tau. Engelboroughs et al (2008) found that discrimination of AD from non-AD dementias was optimal for p 181 (0.720; 95% CI: 0.629-0.810) compared with T-tau (0.613; 95% CI: 0.512-0.715) and Aβ1-42 (0.672; 95% CI: 0.571-0.773). [START_REF] Engelborghs | Improved discrimination of Alzheimer's disease from other dementias using cerebrospinal fluid P-Tau181p[END_REF] Peskind et al (2008) found that the highest AUC to separate AD from controls was for p 181 /Aβ1-42 ratio and Ttau/Aβ1-42 ratios, followed by Aβ1-42 alone, p 181 alone and T-tau. [START_REF] Peskind | Cerebrospinal fluid biomarkers distinguish mild Alzheimer's disease and mild cognitive impairment from cognitively healthy aging. Chicago 2008 ICAD P3-089 72 Consensus Report of the Working Group on Molecular and Biochemical Markers of Alzheimer's disease. The Ronald and Nancy Reagan Research Institute of the Alzheimer's Association and the National Institute on Aging Working Group[END_REF] This meta-analysis has a number of limitations. It was not possible to conduct a robust meta-analysis comparing AD and MCI despite this being a useful clinical question. One small study examined the value of p-tau (p 181 ) in 89 cases of AD vs 9 of MCI with a Se of 75.8% and a Sp of 88.9%. [START_REF] Saez-Valero | Glycosylation of acetylcholinesterase and butyrylcholinesterase changes as a function of the duration of Alzheimer's disease[END_REF] However extrapolating data from separate studies suggests that that up to 78% of those with AD would have an elevated p-tau level compared with 58% of those with unselected MCI (that is stable and progressive combined). Thus it is currently unclear whether p-tau can be used to separate AD from unselected individuals with MCI. For example, although NFT tangle counts modestly correlate with severity of cognitive impairment, it is not clear if there is a clear separation of MCI and AD. [START_REF] Petersen | Neuropathologic features of amnestic mild cognitive impairment[END_REF] The distinction of interest might be those with AD and progressive MCI from those with non-progressive MCI. Interestingly, the majority of studies that have examined a link between concentration of CSF p-tau and measures of cognitive performance have found no association or a weak association. 42 44 32 Similarly due to limitations in the data it was not possible examine all possible comparison groups. For example those with neurological disease without dementia and subjects with major depression. Additionally, there was insufficient data to examine each type of dementia individually although four studies compared AD and LBD 36 37 49 53 and three looked at FTD. 40 51 53 A further limitation is that it was not feasible to limit studies to those with pathological verification. The Consensus Report of the Working Group on Molecular and biochemical markers of AD stated that biomarkers should ideally be documented in neuropathologically confirmed dementia cases. 72 However, only a small number of studies of p-tau (or other biomarkers) have been conducted using this standard. For example Clark et al. (2003) correlated ante-mortem CSF levels of Aβ1-42 and T-tau, with definitive dementia diagnoses in 106 patients and concluding that elevated CSF T-tau levels were associated with AD pathology. [START_REF] Clark | Cerebrospinal fluid Tau and b-Amyloid. How well do these biomarkers reflect autopsy-confirmed dementia diagnoses?[END_REF] 

( 1 )

 1 Diagnosis of AD compared with non-cognitively impaired individuals (2) Diagnosis of AD compared with other dementias (3) Diagnosis of MCI compared with healthy individuals (4) Prediction of prognosis of MCI, by comparing stable and progressive subtypes (5) Diagnosis of AD compared with MCI. Methods A systematic search, critical appraisal and meta-analysis were conducted of the value of p-tau in (a) the diagnosis of Alzheimer's disease (b) diagnosis and prognosis of MCI. No adequate data was found to examine aim (c) the diagnosis of AD when compared with MCI (see discussion). Authors were allowed to use any recognized definition of AD or MCI. In this report the term 'healthy controls' refers to individuals without substantial cognitive impairment but with or without neurological disease. 1 Systematic Search Strategy A number of abstract databases in their full year range were searched. Medline 1966-February 2009, PsycINFO 1887-February 2009, ASSIA 1987-February 2009, Embase 1980-February 2009. In these databases the keywords (MeSH terms) "cerebrospinal or CSF or lumbar puncture or spinal puncture" and "Alzheimer* or dementia or mild cognitive or MCI" and "tau or phospho-tau or p-tau or phosphorylated tau" were used. A number of full text collections including Science Direct, Ingenta Select, Ovid Full text and Wiley-Blackwell were searched. In these online databases the same search terms were used but as a full text search. The abstract database Web of Knowledge (4.0, ISI) was searched, using the above terms as a title search, and using key papers in a reverse citation search. Dissertation Abstracts 1975-December 2007 was searched and a number of recent conference proceedings hand searched.
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Figure 1. Flow Diagram for CSF P-Tau Data Trail

  

	Diagnostic Meta-analysis -Alzheimer's disease

AD vs Healthy Subjects or Neurological Controls 19

  analyses of p-tau in AD versus healthy (or mixed) controls involved 2300 individuals of whom 1329 were diagnosed with probable AD, a prevalence of 57.8%. The heterogeneity index I² was 88.3% for sensitivity data and 59.7% for specificity data suggesting moderate to high heterogeneity, therefore the random effects model was used. The overall pooled weighted sensitivity was 77.6% (95% CI = 70.6% to 83.9%). The overall specificity was 87.9% (95% CI = 84.3% to 91.1%); (PPV 90.3%; NPV = 73.0%). P-tau would facilitate 81.8 correct diagnoses for every 100 individuals tested. Looking at clinical applicability, the positive utility index was 0.70 (good) and negative utility index 0.64 (good).When the analysis was done for each specific epitopes Se and Sp were as follows. P 199 had a Se 85.2% (CI 81.9% to 87.8%) and Sp of 88.4% (CI 84.9% to 91.4%) (1 study). P 231 had a Se 89.6% (95% CI =

	Looking at specific epitopes of p-tau, Se and Sp were as follows p 199 = Se 85.2% (CI 82.1% to 87.8%) Sp
	78.6% (CI 72.4% to 83.9%) (1 study); p 231 = Se 90.2% (CI 84.2% to 94.5%) Sp 66.7% (CI 58.8% to 72.2%)

84.7% to 93.6%) Sp 93.2% (95% CI = 84.6% to 98.5%) (3 studies) and p 181 and a Se 74.4% (95% CI = 65.4% to 82.3%) Sp 86.6% (95% CI = 82.1% to 90.6%) (15 studies). Thus there was no significant difference between epitopes.

Figure 2. Sensitivity Meta-analysis AD vs Healthy Controls Figure 3. Specificity Meta-analysis AD vs Healthy Controls Alzheimer's vs Other types of Dementia

In 18 analyses involving 1892 individuals of whom 1304 had AD (prevalence 68.9%). I² was 90.9% (64.4% for specificity data) suggesting heterogeneity therefore the random effects model was used. The overall pooled weighted sensitivity was 71.6% (95% CI = 63.1% to 79.5%). The overall specificity was 77.8% (95% CI = 72.3% to 82.7%). This would yield a PPV of 86.0% and an NPV of 58.0%. Thus p-tau would facilitate 73.7 correct diagnoses for every 100 individuals with dementia tested. The positive utility index was 0.62 (satisfactory) and negative utility index 0.45 (poor).

(1 study); and p 181 = Se 69.2% (95% CI =59.7% to 77.9%) Sp 78.6% (95% CI = 72.4% to 84.2%) (16 studies).

  were 6 analyses involving a sample size of 388 of whom 163 had a progressive form of MCI that were reported in 33 publications on the value of CSF p-tau as a viable biomarker for AD or MCI. P-tau performed best when attempting to separate AD from non-cognitively impaired individuals (healthy controls). Here discrimination was given by a Se and Sp of 77.6% and 87.9% with a PPV and NPV of 90.0% and 73.0% respectively. Thus in high prevalence settings such as memory clinics

	converted to dementia and 225 had stable (non-progressive) MCI. I² was 65.5% (82.3%for specificity data)
	suggesting moderate heterogeneity, therefore the random effects model was used. The overall pooled
	weighted sensitivity was 81.1% (95% CI = 69.2% to 90.7%). The overall specificity was 65.3% (95% CI =

49.6% to 79.5%). For p-tau p 181 alone sensitivity was 80.8% (95% CI = 60.9% to 94.8%) and specificity 56.9% (95% CI = 40.6% to 72.4%). P-tau would be expected to facilitate 71.9 correct diagnoses for every 10 Discussion 51 robust analyses

  [START_REF] Diniz | Do CSF total tau, phosphorylated tau, and β-amyloid 42 help to predict progression of mild cognitive impairment to Alzheimer's disease? A systematic review and metaanalysis of the literature[END_REF] Hampal et al(2003) found that Aβ1-42 separated progressive from non-progress forms with a Se of 83% and Sp of 57% and for T-tau Se was 90% and Sp 48%. A second study found that a CSF biomarker panel (Aβ1-42≤587 pg/mL, T-tau≥270 pg/mL and p-tau181P≥39 pg/mL) could distinguish progressive and nonprogressive MCI with 77.7% Se but a Sp of only 38.5%.

controls) AD vs Other Dementias (n=18) MCI Progressive vs MCI Stable (n=6) AD vs Cognitively Unimpaired (n=19) MCI vs Cognitively Unimpaired (n=8) Less than 50 (n=3 dementia, 5 MCI) More than 100 (n=16 dementia, 1 MCI) 50 to 99 (n=18 dementia, 8 MCI) Review articles (n= 51) Alzheimer's Disease MCI Serine 191 (n=2 dementia, 1 MCI) Threonine 181 (n=31 dementia, 4 MCI) Threonine 231 (n=5 dementia, 6 MCI) P-Tau Epitopes

  Herukka et al (2008) included postmortem confirmation from 79 AD patients compared with 29 patients with other neurological disorders and 15 healthy controls. identified but missed; 36 would be correctly reassured at a cost of 22 false positives; a total of 71 correct identifications. Further work must explore how biomarkers can be combined with other diagnostic tests but ultimately clinicians must decide whether the acceptability of such tests warrants routine use given the accuracy data reported here.

	Figure 1. Quorom Data Trail
	Initial Search Initial Search
	(n= 467) (n= 467)
	No p-tau data (n= 350) No p-tau data (n= 350)
	Probable duplicate publication Probable duplicate publication Using a cutoff value of 234 pg/mL, T-tau was able to distinguish patients with AD from cognitively normal (n= 4) (n= 4)
	control subjects (se 85%, sp 84%, PPV 87%). 74 Grossman et al. (2005) assessed CSF levels of the
	P-Tau Accuracy Analyses P-Tau Accuracy Analyses
	biomarkers Aβ1-42, T-tau and p 181 in a population with frontotemporal dementia (FTD) and AD of whom (n= 62) (n= 62)
	26 subjects had neuropathologically confirmed diagnoses of FTD (n = 9) and AD (n = 17). 75 Tapiola et al (2000) 76 studied T-tau and Aβ1-42 in 41 cases of AD with pathological verification and 80 with probable AD. A T-tau cut-off of 380pg/ml gave a sensitivity of 56.1% for definite AD. Engelborghs et al (2008) examined Aβ1-42, T-tau and p-tau in 100 with autopsy confirmed dementia (46 had AD) and 100 controls. Inadequate Data (n=11) Robust P-Tau Accuracy Analyses (n=51) Grouping Sample Size (n=11) Robust P-Tau Accuracy Analyses (n=51) Grouping Sample Size (cases & Inadequate Data (cases &
	attempting to diagnose AD (compared with healthy elderly), out of every 100 unselected individuals
	administered a p-tau test, 42 would be correctly identified and 19 missed; 31 would be correctly reassured
	at a cost of 8 false positives; a total of 73 correct identifications. In a typical memory sample when
	attempting to diagnose MCI amongst a group of healthy elderly, out of every 100 unselected individuals

These biomarkers gave a sensitivity and specificity of 100% and 90.7%. To differentiate AD from other dementias, a combination of p 181 and Aβ1-42 gave the best results.

One outstanding question is whether this accuracy is sufficient to warrant routine adoption in clinical practice. Some have suggested that a hypothetical biomarker of AD should possess a sensitivity and specificity of 75-80% or greater.

[START_REF] Frank | Biological markers for therapeutic trials in Alzheimer's disease. Proceedings of the biological markers working group; NIA initiative on neuroimaging in Alzheimer's disease[END_REF] 

However this recommendation is influenced by the prevalence of the underlying condition, the discriminatory ability of the test, the burden of the test and the clinical impact of making a false positive or false negative diagnosis. From this study clinical utility of CSF p-tau was satisfactory for diagnosing MCI, good for AD, satisfactory for predicting progression of MCI but poor for ruling out other types of dementia. However each use may demand a distinct cut-off and it is not clear if cut-offs from one laboratory can be used in another. Practically, in a typical memory clinic sample when tested, 41 would be correctly identify and 14 missed; 36 would be correctly reassured at a cost of 9 false positives; a total of 77 correct identifications. In a high risk sample when attempting to predict progressive MCI amongst a group mixed cases, out of every 100 unselected people with MCI given a p-tau test, 35 would be correctly

controls) AD vs Other Dementias (n=18) MCI Progressive vs MCI Stable (n=6) AD vs Cognitively Unimpaired (n=19) MCI vs Cognitively Unimpaired (n=8) Less than 50 (n=3 dementia, 5 MCI) More than 100 (n=16 dementia, 1 MCI) 50 to 99 (n=18 dementia, 8 MCI) Review articles (n= 51) Alzheimer's Disease MCI Serine 191 (n=2 dementia, 1 MCI) Threonine 181 (n=31 dementia, 4 MCI) Threonine 231 (n=5 dementia, 6 MCI) P-Tau Epitopes Figure 2. Sensitivity Meta-analysis AD vs Healthy Controls

  

	Proportion meta-analysis plot [random effects]
	Itoh et al (2001) [p191]					0.85 (0.80, 0.89)
	Kohnken et al (2000) [p231]					0.85 (0.66, 0.96)
	Buerger et al (2002) [p231]					0.90 (0.82, 0.96)
	Buerger et al (2003) [p231]					0.92 (0.83, 0.97)
	Sjögren et al (2001) [p181]					0.38 (0.26, 0.52)
	Nagga et al (2002) [p181]					0.40 (0.28, 0.52)
	Ingelsson et al (2008) [p181]					0.57 (0.42, 0.72)
	Sjögren et al (2002) [p181]					0.58 (0.33, 0.80)
	Kapaki et al (2007) [p181]					0.73 (0.61, 0.83)
	Wada-Isoe et al (2007) [p181]					0.74 (0.56, 0.87)
	Saez-Valero et al (2003) [p181]					0.75 (0.65, 0.84)
	Rosso et al (2003) [p181]					0.83 (0.59, 0.96)
	Parnetti et al (2001) [p181]					0.84 (0.74, 0.91)
	Vanmechelen et al (2001) [p181]					0.84 (0.74, 0.91)
	Maddalena et al (2003) [p181]					0.84 (0.71, 0.93)
	Schoonenboom et al (2004) [p181]					0.85 (0.72, 0.94)
	Hampel et al (2004) [p181]					0.87 (0.79, 0.93)
	Ibach et al (2006) [p181]					0.88 (0.79, 0.94)
	Riemenschneider et al (2003) [p181]					0.90 (0.81, 0.96)
	combined					0.78 (0.71, 0.84)
	0.0	0.2	0.4	0.6	0.8	1.0
			proportion (95% confidence interval)		

Figure 3 Specificity Meta-analysis AD vs Healthy Controls

  

	Figure 4. Sensitivity AD vs other dementias Figure 5. Specificity AD vs other dementias			
		Proportion meta-analysis plot [random effects]
		Proportion meta-analysis plot [random effects] Proportion meta-analysis plot [random effects]
	Itoh et al (2001) [p191]						0.85 (0.80, 0.89)
	Itoh et al (2001) [p191] Buerger et al (2002) [p231] Itoh et al (2001) [p191]						0.88 (0.83, 0.92) 0.90 (0.82, 0.96) 0.79 (0.70, 0.86)
	Buerger et al (2003) [p231] Riemenschneider et al (2003) [p181] Buerger et al (2002) [p231]						0.85 (0.69, 0.95) 0.38 (0.27, 0.50) 0.67 (0.54, 0.78)
	Kohnken et al (2000) [p231] Sjögren et al (2001) [p181] Engelborghs et al (2008) [p181]						0.97 (0.83, 1.00) 0.38 (0.26, 0.52) 0.60 (0.45, 0.74)
	Buerger et al (2002) [p231] Nagga et al (2002) [p181] Schönknecht et al (2003) [p181]						0.98 (0.89, 1.00) 0.40 (0.28, 0.52) 0.63 (0.35, 0.85)
	Wada-Isoe et al (2007) [p181] Vanmechelen et al (2000) [p181] Maddalena et al (2003) [p181]						0.76 (0.59, 0.88) 0.44 (0.28, 0.60) 0.63 (0.44, 0.80)
	Schoonenboom et al (2004) [p181] Sjogren et al (2002) [p181] Wada-Isoe et al (2007) [p181]						0.76 (0.53, 0.92) 0.58 (0.33, 0.80) 0.68 (0.45, 0.86)
	Ibach et al (2006) [p181] Schönknecht et al (2003) [p181] Hampel et al (2004) [p181]						0.79 (0.64, 0.91) 0.71 (0.56, 0.83) 0.70 (0.56, 0.82)
	Nagga et al (2002) [p181] Maddalena et al (2003) [p181] Vanmechelen et al (2001) [p181]						0.81 (0.74, 0.88) 0.73 (0.58, 0.84) 0.74 (0.59, 0.86)
	Saez-Valero et al (2003) [p181] Kapaki et al (2007) [p181] Parnetti et al (2001) [p181]						0.82 (0.60, 0.95) 0.74 (0.62, 0.84) 0.74 (0.59, 0.86)
	Ingelsson et al (2008) [p181] Saez-Valero J et al (2003) [p181] Kapaki et al (2007) [p181]						0.83 (0.66, 0.93) 0.75 (0.65, 0.84) 0.75 (0.60, 0.86)
	Maddalena et al (2003) [p181] Engelborghs et al (2008) [p181] Rosso et al (2003) [p181]						0.84 (0.66, 0.95) 0.80 (0.71, 0.88) 0.81 (0.61, 0.93)
	Rosso et al (2003) [p181] Wada-Isoe et al (2007) [p181] Nagga et al (2002) [p181]						0.85 (0.55, 0.98) 0.82 (0.65, 0.93) 0.81 (0.74, 0.88)
	Parnetti et al (2001) [p181] Rosso et al (2003) [p181] Schoonenboom et al (2004) [p181]						0.88 (0.73, 0.96) 0.83 (0.59, 0.96) 0.82 (0.63, 0.94)
	Vanmechelen et al (2001) [p181] Vanmechelen et al (2001) [p181] Saez-Valero J et al (2003) [p181]						0.88 (0.73, 0.96) 0.84 (0.74, 0.91) 0.89 (0.52, 1.00)
	Hampel et al (2004) [p181] Parnetti et al (2001) [p181] Riemenschneider et al (2003) [p181]						0.89 (0.76, 0.96) 0.84 (0.74, 0.91) 0.89 (0.75, 0.97)
	Kapaki et al (2007) [p181] Schoonenboom et al (2004) [p181] Vanmechelen et al (2000) [p181]						0.93 (0.85, 0.98) 0.85 (0.72, 0.94) 0.94 (0.71, 1.00)
	Sjögren et al (2001) [p181] Hampel et al (2004) [p181] Sjögren et al (2001) [p181]						0.94 (0.79, 0.99) 0.87 (0.79, 0.93) 0.97 (0.85, 1.00)
	Sjögren et al (2002) [p181] combined Sjogren et al (2002) [p181]						0.95 (0.84, 0.99) 0.72 (0.63, 0.79) 1.00 (0.77, 1.00)
	Riemenschneider et al (2003) [p181] combined	0.0	0.2	0.4	0.6	0.8	1.00 (0.92, 1.00) 1.0 0.78 (0.72, 0.83)
	combined	0.0	0.2	proportion (95% confidence interval) 0.4 0.6	0.8	0.88 (0.84, 0.91) 1.0
		0.5		0.7 proportion (95% confidence interval) 0.9		1.1
				proportion (95% confidence interval)		

Table 1 . Summary of P-Tau Accuracy for Alzheimer's vs No-Dementia Controls
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	Author	Epitope	Setting	Comparator Group Clinical Diagnosis Cut-Off Value* Sensitivity (%) Specificity (%) PPV (%) NPV (%)
	Itoh et al (2001)	Serine 199	U	ND-controls	NINCDS-ADRDA	1.05 fmol/mk	85.2	88.5	88.9	84.6
	Buerger et al (2002)	Threonine 231 Mixed Neurological Clinics ND-controls	NINCDS-ADRDA	21 microL	90.2	97.9	98.7	85.2
	Buerger et al (2003)	Threonine 231 Mixed Clinics	Depressed	NINCDS-ADRDA	18.1 µl	92.2	85.3	92.2	85.3
	Kohnken et al (2000)	Threonine 231 Mixed Neurological Clinics ND-controls	NINCDS-ADRDA	10.1 ng/ml	85.2	96.8	95.8	88.2
	Hampel et al (2004)	Threonine 181 Mixed Clinics	ND-controls	NINCDS-ADRDA	14.3pmol/l	87.0	88.9	94.9	74.1
	Ibach et al (2006)	Threonine 181 Memory Clinic	ND-Controls	NINCDS-ADRDA	65 pg/ml	88.2	79.5	89.3	77.5
	Ingelsson et al (2008)	Threonine 181 Specialist centre	ND-controls	NINCDS-ADRDA	51 ng/L	57.4	82.9	81.8	59.2
	Kapaki et al (2007)	Threonine 181 Specialist centre	ND-Controls	NINCDS-ADRDA	61 ng/ml	73.1	93.1	90.7	78.8
	Maddalena et al (2003)	Threonine 181 Memory Clinic	NN-Controls	NINCDS-ADRDA	33pg/ml	84.3	83.9	89.6	76.5
	Nagga et al (2002)	Threonine 181 Inpatients and outpatients	ND-Controls**	NINCDS-ADRDA	21.2 pg/mL	39.7	81.4	54.7	70.5
	Parnetti et al (2001)	Threonine 181 Mixed Neurological Clinics ND-controls	NINCDS-ADRDA	10pM	83.8	87.5	93.1	72.9
	Riemenschneider et al (2003) Threonine 181 Dementia clinics	ND-Controls	NINCDS-ADRDA	9pM	90.1	100.0	100.0	86.0
	Rosso et al (2003)	Threonine 181 Neurology Clinics	ND-Controls	NINCDS-ADRDA	50pg/ml	83.3	84.6	88.2	78.6
	Saez-Valero et al (2003)	Threonine 181 Memory Clinic	NN-Controls	NINCDS-ADRDA	15pM	75.3	81.8	94.4	45.0
	Schoonenboom et al (2004)	Threonine 181 Memory Clinic	ND-Controls**	NINCDS-ADRDA	54pg/ml	85.1	76.2	88.9	69.6
	Sjögren et al (2001)	Threonine 181 U	ND-controls	NINCDS-ADRDA	22.6pM	38.3	93.8	92.0	44.8
	Sjögren et al (2002)	Threonine 181 U	ND-controls	NINCDS-ADRDA	22.6pM	57.9	95.3	84.6	83.7
	Vanmechelen et al (2001)	Threonine 181 Mixed Neurological Clinics ND-controls	NINCDS-ADRDA	10pM	83.8	87.5	93.1	72.9
	Wada-Isoe et al (2007)	Threonine 181 Neurology inpatients	ND-controls	NINCDS-ADRDA	51ng/L	73.5	75.7	73.5	75.7

Footer: ND-controls -Comparator subjects without dementia but with neurological disease NN-Controls -Comparator subjects without neurological disease or cognitive impairment PPV -Positive Predictive Value; NPV -Negative Predictive Value; * Data as reported in individual studies * * -Includes a subset with subject memory complaints.

Table 2 . Summary of Alzheimer vs Other Dementias
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						Cut-Off				
	Author	Epitope	Setting	Comparator Group	Clinical Diagnosis of AD	Value	Sensitivity (%) Specificity (%) PPV (%)	NPV (%)
	Itoh et al (2001)	Serine 199	Mixed centres	Non-AD dementia	NINCDS-ADRDA	1.05 pmol/l	85.2	78.6	88.9	72.4
			Mixed	Non-AD dementia			90.2	66.7	77.9	84.0
			Neurological			21 microL				
	Buerger et al (2002)	Threonine 231	Clinics		NINCDS-ADRDA	equivalents				
			Biobank,	Non-AD dementia			80.0	60.0	79.2	61.2
	Engelborghs et al (2008)	Threonine 181	Institute Born-		Unreported	50.4 pg/mL				

Footer: FTD -Fronto-temporal dementia -CJD -Creutzfeldt-Jakob disease; PPV -Positive Predictive Value; NPV -Negative Predictive Value

Table 3 . Summary of P-Tau Accuracy for MCI vs Unimpaired Controls

 3 Footer: SMC: Subjective memory complaints; MCI -Mild Cognitive Impairment; PPV -Positive Predictive Value; NPV -Negative Predictive Value

						MCI				
	Author / Paper	Epitope	Setting	CSF Definition	Comparator Group	Description	Sensitivity (%) Specificity (%) PPV (%) NPV (%)
	Andreasen et al (2003)	Threonine 181	Specialist	54 pg/ml	Healthy Controls	Petersen Mayo	70.5	90.6	91.2	69.0
	Arai et al (2000)	Threonine 231-235 Specialist	"any detectable" Healthy Controls with SMC Petersen Mayo	70.0	100.0	100.0	53.8
	Buerger et al (2002)	Threonine 231	Specialist	143 pg/ml	Healthy Controls	see website	82.1	86.7	88.9	78.8
	de Leon et al (2007)	Threonine 231	Specialist	Not stated	Healthy Controls	GDS=3.0	85.7	88.9	85.7	88.9
	Hansson et al (2006)	Threonine 181	Memory Clinic	60 pg/ml	Healthy Controls	Petersen Mayo	94.7	53.8	75.0	87.5
	Ingelsson et al (2008)	Threonine 181	Specialist centre 57 ng/L	Healthy Controls	Unreported	44.8	77.1	76.5	45.8
	Saez-Valero J et al (2003) Threonine 181	Memory Clinic	15 pmol/L	Healthy Controls	Petersen Mayo	93.3	90.5	77.8	97.4

Table 4 . Summary of P-Tau Accuracy for Progressive MCI vs Stable MCI
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							Sensitivity	Specificity		NPV
	Author / Paper	Epitope	MCI Description	Setting	CSF Cut-Off	Follow-up	(%)	(%)	PPV (%)	(%)
	Brys et al	Threonine					72.7	88.4	76.2	86.4
	(2007)	231	CDR=0.5	Community	38.6 (pg/ml)	2 years				
	Ewers et al	Threonine					86.0	68.9	72.5	83.8
	(2007)	231	MCI by Winblad working group	Specialist	<27.32 ng/l	18 months				
	Fellgiebel et al	Threonine					75.0	33.3	27.3	80.0
	(2007)	181	Petersen Mayo	Memory Clinic	> 65 ng/l	19 months				
	Hansson et al	Threonine					94.7	48.2	65.1	90.0
	(2006)	181	Petersen Mayo	Memory Clinic	60ng/l	5.2 years				
			Subjective memory complaints				87.0	60.0	47.6	91.7
			and objective decline (1.5 SD							
	Herukka et al	Threonine	below normal values) in some	Specialist (Neurology						
	(2005)	181	cognitive domains	dept)	70 pg/mL	3 years				
	Ingelsson et al	Threonine					57.1	85.7	80.0	66.7
	(2008)	181	Specialist centre	Specialist centre	57 ng/L	3 years				

Footer: MCI -Mild Cognitive Impairment; PPV -Positive Predictive Value; NPV -Negative Predictive Value
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100 individuals with unselected MCI tested. Looking at clinical applicability, the positive utility index was 0.51 (satisfactory) and negative utility index 0.54 (satisfactory).

The predicted PPV would be 62.9% and the NPV 82.7% suggesting that p-tau might be best used to predict who would not progress rather than who might deteriorate.