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Can we rely only on ratios of cerebrospinal
fluid biomarkers for AD biological
diagnosis?
New recommendations for Alzheimer’s disease (AD)
diagnostic criteria include cerebrospinal fluid (CSF) bio-
markers results [1]. This represents a major step forward
for AD biological diagnosis which would rely on a decrease
of amyloid peptides (Ab42), an increase of tau and
phosphorylated-tau (p-tau) proteins in theCSF.Amajor issue
is represented by the debate over the definition of a proper
CSF “Alzheimer profile” and its optimal use in clinical prac-
tice. Most of the studies compared, on prospective or retro-
spective cohorts, the accuracy of the biomarkers to
discriminate AD from non-AD patients, or to predict conver-
sion of mild cognitive impairment (MCI) patients. Many
combinations based on either simple ratios or complex algo-
rithms have been evaluated. Recently,Duits et al. [2] reported
Table 1

Diagnostic accuracy of biomarkers for distinguishing AD patients from controls a

AD patients vs. Control

ROC-AUC % SE % SP % PPV % NP

Ab42 0.82 (0.78-0.85) 79 (74-84) 81 (75-86) 86 (81-90) 73 (66

tau 0.89 (0.85-0.91) 81 (76-86) 86 (80-90) 89 (85-93) 76 (69

p-tau 0.89 (0.86-0.92) 82 (76-86) 86 (82-92) 91 (86-94) 76 (70

tau/Ab42 0.91 (0.88-0.93) 87 (83-91) 88 (83-92) 91 (87-95) 83 (77

tau/Ab42

(.0.52)

/ 81 (76-85) 92 (87-95) 94 (90-96) 77 (70

p-tau/Ab42 0.92 (0.89-0.95) 86 (81-90) 91 (86-95) 93 (90-96) 81 (75

PLM scale 0.93 (0.90-0.95) 83 (78-87) 91 (86-95) 93 (89-96) 78 (72

Ab42/pTau

decision tree

0.87 (0.83-0.90) 93 (89-96) 80 (74-86) 87 (83-91) 89 (83

Hulstaert 0.90 (0.86-0.92) 86 (81-90) 91 (86-95) 93 (89-96) 82 (76

Schoonenboom 0.93 (0.90-0.95) 86 (82-90) 91 (86-95) 94 (90-96) 82 (76

Spies 0.93 (0.90-0.95) 88 (83-91) 90 (85-94) 93 (89-96) 83 (78

Abbreviations: AD, Alzheimer’s disease; ROC, receiver operating characteristic

predicting value; NPV, negative predicting value; Ab42, amyloid-b42; p-tau, tau p

fidence intervals of the different items.

NOTE. The population used to calculate AUCs, SE, SP, PPVand NPV values is

lated as described in [5], the Ab42/pTau decision tree as in [9], the Spies regression

The “ tau/Ab42 (.0.52)” condition corresponds to the accuracy of the tau/Ab42
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that a simple ratio, tau/Ab42, was as efficient as complex al-
gorithms to identify AD patients. These authors therefore
suggested using this ratio with a cut-off.0.52 for differenti-
ating AD patients from other patients and for predicting de-
mentia due to AD in MCI patients. Using existing data, we
also computed the accuracy of the different combination of
biomarkers (see Table 1). The difference in accuracy between
ratios (tau/Ab42, p-tau/Ab42) and more complex algorithms
was in fact nonsignificant. Therewas however a trend in favor
of regression approaches, a finding also reported in previous
works [3–6]. Of note, the fixed cut-off tau/Ab42 ratio pro-
posed by Duits et al. [2] was not optimal in our cohorts
even though we followed recommended standard operating
procedures (SOPs) [7]. This illustrated the limits in using a
fixed tau/Ab42 ratio of CSF biomarkers, which in fact pre-
sents several caveats as highlighted below.

First of all, using solely the tau/Ab42 ratio implies that
p-tau measurement is pointless. However, we have shown,
nd other dementia patients

AD vs. Other dementia patients

V ROC-AUC SE % SE % SP % PPV % NPV

-79) 0.76 (0.73-0.80) 86 (82-90) 65 (60-69) 62 (57-67) 88 (83-91)

-81) 0.85 (0.82-0.87) 82 (76-86) 79 (74-83) 72 (67-77) 86 (82-90)

-82) 0.87 (0.84-0.90) 76 (70-81) 90 (87-93) 83 (78-88) 85 (81-88)

-88) 0.86 (0.84-0.89) 85 (80-89) 80 (76-84) 74 (69-79) 89 (85-92)

-82) / 81 (76-85) 83 (79-87) 76 (71-81) 87 (83-90)

-86) 0.89 (0.86-0.91) 85 (80-89) 84 (80-88) 78 (73-83) 89 (86-92)

-84) 0.89 (0.87-0.91) 83 (78-87) 87 (83-90) 81 (76-86) 88 (85-92)

-93) 0.83 (0.80-0.85) 91 (87-94) 74 (69-78) 70 (65-75) 93 (89-95)

-87) 0.85 (0.82-0.88) 85 (80-89) 82 (78-85) 76 (70-80) 89 (85-92)

-87) 0.90 (0.87-0.92) 82 (77-86) 89 (85-92) 83 (78-87) 88 (84-91)

-88) 0.90 (0.87-0.92) 83 (78-88) 89 (85-92) 83 (78-87) 89 (85-92)

s; AUC, area under the curve; SE, sensitivity; SP, specificity; PPV, positive

hosphorylated at threonine 181. Values in brackets represent the 95% con-

fully described in the article by Gabelle et al. [4]. The PLM scale was calcu-

as in [6], the Schoonenboom regression and the Hulstaert formula as in [2].

ratio with a cut-off .0.52 as recommended in [2].
as other authors, that p-tau is an important asset as it dem-
onstrates a very high specificity for AD [4,5,8,9]. p-tau
appears also helpful in mixed situations when tau
increase is linked to neuronal damages, like in prion
ights reserved.
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diseases where the tau/p-tau ratio has demonstrated its
relevance [10]. Because these situations are rare (estimated
,5%), the statistical differences of methods combining
three rather than two biomarkers is often not significant
(Table 1), but, based on our routine practice, it is still
very useful for individual cases.

The second issue of using a fixed ratio resides in the chal-
lenge of having similar values, and not only the cut-offs, for
Ab42 and tau in the different laboratories. Even after imple-
menting optimal SOPs and the future development of a refer-
ence methods (for Ab42 only), the availability of different
commercial Ab42-tau kits with their own standards, anti-
bodies, ranges and cut-offs is an additional factor suggesting
that values and ratio harmonization between centers is not
attainable in the near future.

Finally, the yes/no answer, regarding the presence of AD
based on CSF biomarkers, is commonly used to assess bio-
markers’ accuracy. However, neurologists/practitioners in
direct contact with patients and families are rather using a
multimodal probabilistic approach to establish an AD diag-
nosis. Hence, the probabilistic use of biomarkers as reported
in the leading work from Spies [6] probably represents a
good answer to the clinical needs. In a recent work [5], we
have defined a diagnostic scale for AD using the multicenter
data of our national network Paris-Lille-Montpellier (PLM).
This PLM scale is based on the number of pathologic bio-
markers Ab42, tau and p-tau, ranging therefore from 0 to
3. Its ranking is therefore homogeneous between centers
with different cut-offs, and its use is convenient for physi-
cians. Furthermore, this scale exhibited the highest accuracy
(see [5] and Table 1) and is compatible with different assays.
We believe that this type of probabilistic approach, which
could at some point include additional informative data (im-
aging, genetics, vascular risk factors), is of high interest to
implement CSF biomarkers for AD in clinical practice and
for clinical trials design.
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hôpital Gui de Chauliac
Montpellier, France

Claire Paquet
Centre M�emoire Ressources Recherche Paris

Nord Ile de France and Histologie
et Biologie du Vieillissement

Groupe Hospitalier Saint-Louis
Lariboisi�ere Fernand-Widal APHP

INSERM U942, Universit�e Paris Diderot
Paris, France

References

[1] McKhann GM, Knopman DS, Chertkow H, Hyman BT,

Jack CR Jr, Kawas CH, et al. The diagnosis of dementia due to

Alzheimer’s disease: recommendations from the National Institute

on Aging-Alzheimer’s Association workgroups on diagnostic

guidelines for Alzheimer’s disease. Alzheimers Dement 2011;

7:263–9.

[2] Duits FH, Teunissen CE, Bouwman FH, Visser PJ, Mattsson N,

Zetterberg H, et al. The cerebrospinal fluid “Alzheimer profile”: Easily

said, but what does it mean? Alzheimers Dement 2014;10:713–23.

[3] Schoonenboom NS, Reesink FE, Verwey NA, Kester MI,

Teunissen CE, van de Ven PM, et al. Cerebrospinal fluid markers for

differential dementia diagnosis in a large memory clinic cohort.

Neurology 2012;78:47–54.

[4] Gabelle A, Dumurgier J, Vercruysse O, Paquet C, Bombois S,

Laplanche JL, et al. Impact of the 2008-2012 French Alzheimer

Plan on the use of cerebrospinal fluid biomarkers in research

memory center: the PLM Study. J Alzheimers Dis 2013;

34:297–305.

[5] Lehmann S, Schraen S, Paquet C, Bombois S, Delaby C, Dorey A,

et al. A diagnostic scale for Alzheimer’s disease based on cerebrospi-

nal fluid biomarker profiles. Alzheimers Res Ther 2014;6:38.

[6] Spies PE, Claassen JA, Peer PG, Blankenstein MA, Teunissen CE,

Scheltens P, et al. A prediction model to calculate probability of Alz-

heimer’s disease using cerebrospinal fluid biomarkers. Alzheimers De-

ment 2013;9:262–8.

[7] Teunissen CE, Verwey NA, Kester MI, van Uffelen K,

Blankenstein MA. Standardization of Assay Procedures for Analysis

of the CSF Biomarkers Amyloid beta((1-42)), Tau, and Phosphory-

lated Tau in Alzheimer’s Disease: Report of an International Work-

shop. Int J Alzheimers Dis 2010:2010.

[8] Dumurgier J, Vercruysse O, Paquet C, Bombois S, Chaulet C,

Laplanche JL, et al. Intersite variability of CSF Alzheimer’s

disease biomarkers in clinical setting. Alzheimers Dement 2013;9:

406–13.

[9] Bombois S, Duhamel A, Salleron J, Deramecourt V, Mackowiak MA,

Deken V, et al. A new decision tree combining Abeta 1-42 and p-Tau

levels in Alzheimer’s diagnosis. Curr Alzheimer Res 2013;10:357–64.

[10] Skillback T, Rosen C, Asztely F, Mattsson N, Blennow K,

Zetterberg H. Diagnostic performance of cerebrospinal fluid total tau

and phosphorylated tau in Creutzfeldt-Jakob disease: results from

the Swedish Mortality Registry. JAMA Neurol 2014;71:476–83.

http://dx.doi.org/10.1016/j.jalz.2014.09.003

http://refhub.elsevier.com/S1552-5260(14)02825-8/sref1
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref1
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref1
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref1
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref1
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref1
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref2
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref2
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref2
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref3
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref3
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref3
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref3
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref4
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref4
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref4
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref4
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref4
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref5
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref5
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref5
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref6
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref6
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref6
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref6
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref7
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref7
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref7
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref7
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref7
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref8
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref8
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref8
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref8
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref9
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref9
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref9
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref10
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref10
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref10
http://refhub.elsevier.com/S1552-5260(14)02825-8/sref10
http://dx.doi.org/10.1016/j.jalz.2014.09.003

	Can we rely only on ratios of cerebrospinal fluid biomarkers for AD biological diagnosis?
	References


