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ABSTRACT

Objective: To assess the available evidence for the diagnostic accuracy of CSF testing for protein
14-3-3 in patients with suspected sporadic Creutzfeldt-Jakob disease (sCJD).

Methods: The authors performed a systematic review of the available literature from 1995 to
January 1, 2011, to identify articles involving patients who were suspected of having sCJD and
who had CSF analysis for protein 14-3-3. Studies were rated according to the American Acad-
emy of Neurology classification of evidence scheme for diagnostic studies, and recommendations
were linked to the strength of the evidence. A pooled estimate of sensitivity and specificity was
obtained for all studies rated Class Il or higher. The question asked is “Does CSF 14-3-3 protein
accurately identify Creutzfeldt-Jakob disease (CJD) in patients with sCJD?"

Results: The analysis was conducted on the basis of samples of 1,849 patients with suspected
sCJD from 9 Class |l studies. Assays for CSF 14-3-3 protein are probably moderately accurate in
diagnosing sCJD: sensitivity 92% (95% confidence interval [Cl] 89.8-93.6), specificity 80%
(95% CI 77.4-83.0), likelihood ratio of 4.7, and negative likelihood ratio of 0.10.

Recommendation: For patients who have rapidly progressive dementia and are strongly sus-
pected of having sCJD and for whom diagnosis remains uncertain (pretest probability ~20%-
90%), clinicians should order CSF 14-3-3 assays to reduce the uncertainty of the diagnosis
(Level B). Neurology® 2012;79:1499-1506

GLOSSARY

Cl = confidence interval; CJD = Creutzfeldt-Jakob disease; DWI = diffusion-weighted imaging; FLAIR = fluid-attenuated
inversion recovery; NSE = neuron-specific enolase; PSWC = periodic sharp and slow wave complexes; ROC = receiver
operator characteristic; sCJD = sporadic Creutzfeldt-Jakob disease; WB = Western blot.

Sporadic Creutzfeldt-Jakob disease (sCJD) is a rare
disease caused by prion proteins that undergo con-
formational changes, resulting in an invariably fa-
tal transmissible spongiform encephalopathy. The
worldwide annual incidence is estimated to be
1:1,000,000." Affected individuals usually manifest a
rapidly progressing dementing illness in the sixth or
seventh decade of life. Confirming the diagnosis of
sCJD has always been challenging. Whereas various
diagnostic methods are commonly used, none
matches the accuracy of a histopathologic diagnosis
obtained by brain biopsy or at autopsy. Table e-1 on
the Neurology® Web site at www.neurology.org pres-

ents various diagnostic criteria for sCJD diagnosis.
The differential diagnosis of a patient presenting
with rapidly progressive dementia is broad and in-
cludes primary neurodegenerative, inflammatory,
metabolic, vascular, and malignant conditions. The
wide spectrum of clinical manifestations in sCJD??
makes determining the diagnosis yet more difficult.
Cognitive, emotional, sleep, motor, balance, and
sensory abnormalities can all occur in sCJD. This
inconsistent clinical picture can lead to a delay in
diagnosis and in providing the necessary social and
therapeutic interventions. Table e-2 presents condi-
tions often mistaken for sCJD.
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The test for the presence of protein 14-3-3 in the
CSF of patients with suspected sCJD has been the
subject of much debate. Initial studies demonstrated
that the test was quite sensitive and specific in an
appropriate clinical setting, particularly that of rap-
idly progressing cognitive decline.*> This sensitivity
has been disputed, however.® Variation in sensitivity
has also been demonstrated on the basis of the dura-
tion of illness,” Creutzfeldt-Jakob disease (CJD) sub-
type,® and laboratory techniques.”!*!! False-positive
results occur in numerous disorders in which there is
rapid neuronal loss, including acute stroke, encepha-
litis, and other dementing disorders.!?> ELISA and
Western blot (WB) techniques are the most com-
monly used techniques to detect 14-3-3 protein.

Before its discovery in humans, 14-3-3 protein
was thought to be a brain-specific protein and was
first described in studies of bovine brains. Investiga-
tors performed a starch gel-electrophoresis of various
bovine brain proteins and found the one with the
fastest mobility rate was that of 15-4-1 protein
(S-100) followed by mobility rates overlapping be-
tween that of 14-3-2 (neuron-specific enolase [NSE])
and that of 14-3-3 protein.'® The unique migration
pattern displayed on the starch gel-electrophoresis is
also the source of the proteins’ names.'>!* Boston et
al.’® described 14-3-3 immunoreactivity in different
body organs, and although highest levels were found
in the brain, 14-3-3 protein was also detected in the
liver, testis, spleen, intestines, adrenal glands, pros-
tate, and lungs.'>!® The small 28-30 kDa 14-3-3
proteins have a growing list of postulated functions,
including signal transduction, cell cycle modulation,
and apoptosis.'”'® In 1996, Hsich et al.'> aimed to
characterize 2 proteins, known as 130 and 131,
which were found to be elevated in patients with
sCJD; these 2 proteins turned out to be 14-3-3 pro-
teins. Numerous studies followed examining the use-
fulness of CSF 14-3-3 protein assays in diagnosing
sCJD.

The purpose of this review is to answer the fol-
lowing question: For patients with rapidly progres-
sive dementia, does the presence of CSF 14-3-3
protein accurately identify patients who have sCJD?

DESCRIPTION OF THE ANALYTIC PROCESS
The PubMed/Medline, Cochrane Library, and
EMBASE databases were searched using the terms
14-3-3 protein, CSF analysis, Creutzfeldt-Jakob dis-
ease, prion disease, dementia, and rapidly progressive
dementia (exploded terms where appropriate) (ap-
pendix e-3). In addition, the reference lists of the
articles identified were hand searched to identify arti-
cles that may have been missed in the initial search.
Duplicates, reviews without original data, meeting
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abstracts, and case reports/series were excluded. The
search included English-language articles and cov-
ered publications ranging from 1995 to January 1,
2011.

Studies in human subjects above 18 years of age
were included. Nonsporadic cases from growth hor-
mone use, genetic, iatrogenic (postsurgical), and
new-variant (mad cow disease) prion diseases were
excluded. Also excluded were non-CJD prion disor-
ders and animal studies. In studies that looked at a
mix of sCJD and other CJD subtypes, only the data on
patients with sCJD were extracted for the analysis.

The articles were rated for their risk of bias ac-
cording to the American Academy of Neurology clas-
sification of evidence criteria for diagnostic testing
(appendix e-4), and recommendations were linked to
the level of evidence (appendix e-5). In accordance
with these criteria, studies with incorporation bias
(the results of the 14-3-3 protein assay influenced the
determination of the presence of sCJD) are rated
Class IV, and studies with spectrum bias (which ex-
cluded a priori patients with uncertain diagnoses of
sCJD) are rated Class III.

The number of patients, study design, data collec-
tion methods, patient population, diagnostic refer-
ence standard, and type of 14-3-3 assay used were
collected. Other data extracted included the raw
numbers of patients who tested positive vs negative
for CSF 14-3-3 and their clinical or pathologic diag-
nosis, or both.

We constructed 2 x 2 tables with the presence or
absence of 14-3-3 CSF protein as the independent
variable and the presence or absence of sCJD as the
dependent variable. We calculated sensitivities and
specificities as the primary measures of diagnostic ac-
curacy. Ninety-five percent confidence intervals
(Cls) of the sensitivities and specificities were used as
the measure of statistical precision.

CSF assays of 14-3-3 protein were dichotomized
as either present or absent according to the authors’
method of interpretation. For studies in which 14-
3-3 analyses were performed with more than one
technique,”! sensitivities and specificities were cal-
culated for each technique used. To determine
whether varying definitions of abnormal 14-3-3 (i.e.,
varying cutpoints for abnormal) introduced a thresh-
old effect, we calculated the correlation between sen-
sitivities and specificities (Spearman rank correlation
coefficient).

We anticipated that the presence or absence of
sCJD would be determined with varying levels of
diagnostic certainty: definite sCJD—pathologic
confirmation by biopsy or autopsy; probable
sCJD—typical clinical presentation combined

with confirmatory test results (e.g., periodic pattern
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[ Table 1

Class Il studies

Study design and Diagnostic criteria No. of
Author and year population used in study patients  Sensitivity and specificity®
Beaudryetal. 1999 Cohort of suspected CJD  Master's criteria 129 Sensitivity 89.9% (82.7-97);
patients specificity 93.3% (87-99.6)
Blennow et al. 2005  Cohort of suspected CJD  Not mentioned 36 Not calculable
patients
Brandel et al. 2000 Cohort of suspected CJD  Master's, French, and 152 Sensitivity 92.2% (87.4-97.1);
patients European specificity 66.7% (51.3-82.1)
Collins et al. 2000 Cohort of suspected CJD  Master's 129 Sensitivity 90.3% (79.9-100);
patients specificity 92% (85.9-98.1)
Kenney et al. 2000 Cohort of suspected CJD  Kretzschmar et al. 1996 147 ELISA: sensitivity 88.9% (81.1-96.6);
patients specificity 97.6% (94.4-100);
WB: sensitivity 93.7% (87.6-99.7);
specificity 97.6% (94.4-100)
Otto et al. 2002 Cohort with a differential ~ Master's 297 Not calculable
diagnosis of CJD
Van Everbroeck Cohort that met possible ~ Not mentioned 253 Not calculable
etal. 2005 CJD criteria
Zerretal. 1998 Cohort of suspected CJD  Master's 289 Sensitivity 94% (90-98);
patients specificity 75% (67.9-82.1)
Zerr et al. 2000 Cohort of suspected CJD  Master's 1,003 Sensitivity 92.1% (89.4-94.7);
patients specificity 75.7% (71.5-79.9)

Abbreviation: CJD = Creutzfeldt-Jakob disease.

2 Sensitivity and specificity with confidence intervals as calculated in the primary analysis.

on EEG, restricted diffusion on diffusion-weighted
MRI); possible sCJD—typical clinical presentation
without confirmatory ancillary tests; confirmed neg-
ative sCJD—pathologic confirmation or a prolonged
course not compatible with sCJD.

For the primary calculation of sensitivity and
specificity, we categorized patients meeting definite
and probable criteria as sCJD present. Possible and
confirmed negative sCJD were categorized as sCJD
absent. To estimate a single value for the sensitivities
and specificities we pooled the results of the identi-
fied studies with the lowest risk of bias in a meta-
analysis. When studies appeared to acquire their
patients from the same surveillance centers, signaling
that the same population may have been used in
more than one study,*”?° only the study enrolling
the largest number of patients was considered in the
pooled analysis.

To determine the dependence of the estimated
sensitivities and specificities on the level of diagnostic
certainty, we performed 2 sensitivity analyses. In
these analyses, we categorized patients as either sCJD
present or sCJD absent, using varying criteria as
follows: primary analysis: sCJD present— definite
and probable; sCJD absent—possible and con-
firmed negative; sensitivity analysis 1: sCJD pres-
ent— definite; sCJD absent—probable, possible,
and confirmed negative; sensitivity analysis 2:
sCJD present—definite, probable, and possible;
sCJD absent— confirmed negative.

The sensitivities and specificities resulting from
these different analyses were compared through plot-

ting of the data on a receiver operator characteristic

(ROC) graph.

ANALYSIS OF EVIDENCE Our search strategy
identified 11,165 articles (3,488 from Medline,
5,254 from EMBASE, 59 from Cochrane Library,
2,364 from PubMed). After the primary screening in
which the titles and abstracts were reviewed, 80 stud-
ies were deemed potentially relevant, and their full
text was reviewed in the secondary screening process.
Thirty-eight articles met inclusion criteria.

Of the 38 articles included in the study, 9 were
deemed Class II; no Class I studies were identified.
The majority of the Class II studies were cohort stud-
ies with mixed retrospective and prospective data col-
lection (table 1). Fifteen studies were rated Class III,
and another 14 were rated Class IV (table e-3).
Downgrading was done if the cohort was incom-
plete. Spectrum bias in patients or controls was also a
concern in a number of studies. All Class II studies
enrolled patients with rapidly progressive dementia
suspected of having CJD, and only these studies will
be discussed further.

The most commonly referenced criteria the study
authors used to identify patients with CJD vs pa-
tients without CJD was Masters et al. (1979)?' and
the World Health Organization.?? Four authors used
other criteria whereas 9 did not specify criteria.

Among the Class II studies, one small study fol-
lowed a cohort of 36 patients with suspected sCJD
and performed 9 autopsies, all of which showed defi-
nite sCJD. Surviving patients were followed for 2
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years without manifesting a clinical picture of sCJD.
The authors reported a sensitivity of 44% (95% CI
12-76.9) and specificity of 74% (95% CI 57.5—
90.6) when WB analysis for 14-3-3 B isoform was
used.? Another Class II study, which had an objec-
tive of comparing 3 sets of diagnostic criteria (Mas-
ter’s, French, and European)® for diagnosing CJD,
included 236 autopsied patients who were classified
antemortem into 3 case groups: suspected, probable,
or possible. Then, on the basis of the autopsy results
that were obtained from 61.2% of the cohort, the
percentage of definite cases found in each of the
groups was used to estimate the percentage of defi-
nite cases in the nonautopsied patient group. The
authors concluded that the CJD diagnosis might be
underestimated by 12% when European or French
criteria were used and overestimated by 7% when the
Master’s criteria were used.?® Table 1 shows sensitiv-
ity and specificity for sCJD cases that met definite
and probable criteria.

A Class II study comparing a novel ELISA tech-
nique with WB in detecting 14-3-3 B isoform
showed that, after combining definite and probable
cases as a reference, the sensitivities were 88.9%
(95% CI 81.1-96.6) for ELISA and 93.7% (95% CI
87.6-99.7) for WB, with a specificity of 97.6%
(95% CI 94.4-100) for both methods. The authors
argued that ELISA might yield more-consistent re-
sults that are less likely to confound the assessment
seen in WB techniques.” Another Class II study
aimed to compare a CSF analysis for tau by ELISA
with a 14-3-3 immunoblot in a cohort of 297 pa-
tients with the differential diagnosis of CJD. The au-
thors concluded that the 2 assays were quite
comparable when used to assess for sCJD. The 14-
3-3 immunoblot sensitivity and specificity were 90%
and 88%, respectively.?> Data on definite sCJD cases
were available for extraction with sensitivity of
86.2% (95% CI 79.8-92.7) and specificity of 83.5%
(95% CI 75.6-91.4). An ecarly Class II study that
prospectively followed a cohort of 484 patients with
suspected CJD investigated the results of 4 different
interpretation strategies of the WB analysis for the
5 isoform of protein 14-3-3. Their interpretation
strategy ranged from one that provided maximum
avoidance of false-positive results (both raters unani-
mously agreed on the presence of 14-3-3) to one that
provided maximum avoidance of false-negative re-
sults (both raters unanimously agreed on the ab-
sence of 14-3-3). The sensitivity ranged from
67.7% (95% CI 54.9-78.8) for the first strategy
to 100% (95% CI 95.5-100) for the fourth in
definite cases, with specificities ranging from 99%
(95% CI 94.8-100) to 85.6% (95% CI 77.3-9
1.7), respectively.'?
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A Class II study by the Australian Creutzfeldt-
Jakob Disease Registry looked at a cohort of 124 pa-
tients in which spongiform encephalopathy was
considered in the differential diagnosis. Thirty-nine
patients were considered 14-3-3 positive whereas 72
were considered negative. Thirteen CSF samples are
unaccounted for in the article. The sensitivity and
specificity are shown in table 1. The authors also
clearly identified the potential of false-positive results
occurring with CSF samples containing blood.?®
This was found with red blood cell counts as low as
600/uL, and these were interpreted as either “weak”
or “atypical.”

In another Class II study, the ability to determine
whether the detection of antibodies against the 1y iso-
form of 14-3-3 protein was able to improve on the
differential diagnosis of sCJD was assessed from sam-
ples of 253 patients. Tests for the presence of 3 dif-
ferent antibodies in the CSF were conducted to
detect the y isoform of the protein. The most sensi-
tive and specific antibody yielded a sensitivity of
96.2% (95% CI 90.9-100) and a specificity of
92.5% (95% CI 88.9-96.2), and no significant dif-
ference was found regardless of whether the WB
technique or the ELISA technique was used."

A Class 1I study recruited patients from multiple
national registries and carried out CSF analysis with
minor modifications in 1,003 patients with sus-
pected CJD in each surveillance center. The non-
CJD cases were identified as those that did not meet
Master’s criteria for CJD, and the mean follow-up
time for these patients was 1.8—6.5 months. The
CSF analysis for 14-3-3 protein yielded a sensitivity
of 94% and a specificity of 84%. Extracted data on
definite and probable sCJD are shown in table 1.
The authors simultaneously compared the diagnostic
accuracy of the 14-3-3 results with the presence of
periodic sharp wave complexes on EEG testing and
found that a positive 14-3-3 test was more sensitive
and specific.?

The last Class II study looked at 129 CSF samples
of patients with suspected CJD for 14-3-3, NSE, and
S-100 protein and found all 3 biomarkers to be ele-
vated. Extracted data on definite and probable sCJD
cases showed a sensitivity of 89.9% (95% CI 82.7—
97) and specificity of 93.3% (95% CI 87-99.6).
Among the 3 biomarkers, the highest specificity was
for protein 14-3-3 at 100% when only definite cases
were considered.?”

Measures of diagnostic accuracy. Figure 1 plots on an
ROC graph the sensitivity and specificity derived
from each of the Class II studies.

A sensitivity analysis was performed to determine
the dependence of the sensitivities and specificities
on the varying diagnostic criteria for CJD. The

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



( Figure 1

100
90
80
70
60
50
40
30
20
10

Sensitivity

Sensitivities and specificities for testing for presence of 14-3-3 for

Creutzfeldt-J

akob disease (CJD)

|

ROC CSF 14-3-3 for CJD

o "=

20

O:I'

# Definite & probable
diagnosis

Definite, probable, &
possible diagnosis

m Definite diagnosis only

40 60
100 - Specificity

80 100

squares in figure 1 indicate the diagnostic accuracy of
the presence of 14-3-3 protein when only patients
with definite CJD (biopsy or autopsy proven) were
considered to have CJD (probable, possible, and
confirmed negative CJD considered not to have
CJD), the diamonds indicate diagnostic accuracy
when definite and probable cases were considered to
have CJD, and the triangles indicate the diagnostic
accuracy when definite, probable, and possible were
considered to have CJD. The analysis demonstrated
that, despite the varying case definitions, the sensitiv-
ity remained relatively stable whereas the specificity
decreased. We thus conclude that the estimate of the
sensitivity of CSF 14-3-3 assays derived from this
review is more reliable than the specificity.

There was significant correlation between sensi-
tivity and specificity (coefficient of determination
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0.89, p = 0.035), indicating that some of the hetero-
geneity in the results was potentially attributable to
the varying cutpoints used to define an abnormal 14-
3-3 level.

To estimate a single value for the sensitivities and
specificities, results of the Class II studies were
pooled in a meta-analysis. For this meta-analysis the
sensitivities and specificities were derived from con-
sidering patients with definite and probable CJD to
have CJD. The pooled sensitivity estimate was
91.9% (95% CI 89.8-93.6), and the pooled speci-
ficity estimate was 80.4% (95% CI 77.4-83.0).
These values correspond to a positive likelihood ratio
of 4.7 and a negative likelihood ratio of 0.10 (moder-

ate diagnostic accuracy).

CONCLUSION For patients with suspected CJD,
CSF 14-3-3 assays are probably moderately accurate
in diagnosing CJD: sensitivity ~92%), specificity
~80% (multiple consistent Class II studies).
Whereas a negative 14-3-3 assay may be helpful in
reducing the suspicion of sCJD, a positive CSF 14-
3-3 assay may be found in a potentially treatable case
of dementia.

CLINICAL CONTEXT The 14-3-3 assay, although
of moderately high diagnostic accuracy, is an imper-
fect test. The test lacks the diagnostic accuracy either
to include a CJD diagnosis as a possibility or to rule
out CJD. It is important to realize that the test will
not importantly change the probability of CJD in
patients who are unlikely to have CJD to begin with.
A positive result in such patients should not distract
the investigator from considering a different dement-
ing illness, or more important, a reversible cause of
dementia. The relationship of this pretest probability
of having CJD and the implications of a CSF 14-3-3
result are illustrated in figure 2. The upper curve in
figure 2 indicates the degree to which the probability
of sCJD will change if the CSF 14-3-3 analysis is
positive. The lower curve indicates the degree to
which the probability of sCJD will change if the CSF
14-3-3 analysis is negative.

The method by which the pretest probability is
determined is usually implicit, and, as an example,
can be based on the specialist’s experience or knowl-
edge about the incidence of the disease among indi-
viduals presenting with a suggestive clinical picture
in a particular population.?® The dependence of the
usefulness of CSF 14-3-3 assay on the pretest proba-
bility of sCJD can be illustrated by considering the
case of a 72-year-old patient with dementia progress-
ing over 18 months. Such a patient would appropri-
ately be judged to have a very low pretest probability
of CJD (<1%). A positive 14-3-3 test for this patient
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would most likely represent a false-positive result
(posttest probability of CJD <5%). Likewise, the
14-3-3 assay would provide minimal information for
patients with a high probability of having the disease.
In the case of a 54-year-old with dementia progress-
ing rapidly over 3 months and with symmetric MRI
diffusion-weighted imaging (DWI) changes in the
basal ganglia, the person is very likely to have CJD
(>95%). A negative 14-3-3 test in this situation
would most likely represent a false-negative result
(posttest probability of CJD >80%).

The usefulness of the 14-3-3 assay will thus
largely depend on a clinician’s judgment of the pre-
test probability of CJD for a given patient. Such
judgments will reasonably consider the rarity of CJD
(incidence 1 per million per year), the practice set-
ting (community hospital vs tertiary referral center),
the patient’s clinical presentation, and the results of
already obtained ancillary tests such as head MRI.
Figure 2 illustrates that the test is most useful when
the pretest probability of CJD ranges from 20% to
90%. The use of other ancillary tests may affect this
pretest probability. Periodic sharp and slow wave
complexes (PSWC) on EEG testing have a sensitivity
of 66% and specificity of 74%.2° PSWC tend to oc-
cur in older patients, and in half of the patients 6
months or more into the disease course, and then to
decrease as the condition progresses.® Despite the low
sensitivity, in the right clinical setting EEG can be
highly suggestive of sCJD; however, it is not entirely
specific and is seen in various toxic or metabolic con-
ditions or even during the late stages of Alzheimer
disease or Lewy body dementia.?’

Imaging studies are emerging as valuable tools
in diagnosing CJD. DWI and fluid-attenuated in-
version recovery (FLAIR) MRI sequences are more
useful than EEG.?” The sensitivity and specificity
of DWI and FLAIR in diagnosing CJD was found
to be 91%-92.3% and 93.8%-95%, respec-
tively.?*3! Reduced diffusivity of apparent diffu-
sion coefficient images in the basal ganglia and
cortical regions has been demonstrated and can
last as long as 2 months.??

Finally, when considering the results of this anal-
ysis, it is important to highlight that there is signifi-
cant variation in the way the 14-3-3 protein assays
are performed.®** Most of the earlier studies used the
WB technique, which is subjective and interpreted
qualitatively. Later studies started to employ the
quantitative ELISA technique, where sensitivity and
specificity may vary according to the laboratory’s de-
termined cutoff.'** There also are various isoforms
of the 14-3-3 protein, and tests have been conducted
on the B isoform mostly; newer studies have started

to test for the 1y isoforms. The time in the course of
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the illness when the test is carried out and the disease
subtype are also important factors that can contrib-

ute to variation in test results.3>34

PRACTICE RECOMMENDATION For patients
who have rapidly progressive dementia and are
strongly suspected of having CJD, and for whom di-
agnosis remains uncertain (pretest probability
~20%-90%), clinicians should order CSF 14-3-3
assays to reduce the uncertainty of the diagnosis

(Level B).

RECOMMENDATIONS FOR FUTURE RESEARCH
Standardization of the definition of a positive 14-3-3
result and validation in well-designed cohort studies
would be useful. Issues to be resolved include the
question of which specific isoform (3 or ) of protein
14-3-3 is most useful and the need for standardiza-
tion of the norms for the lab technique used (ELISA
or WB).

Investigation for the presence of a combination of
multiple biomarkers such as t-tau, p-tau, S-100, or
NSE in the CSF is needed in addition to, or in lieu
of, protein 14-3-3.

Integration of the recent advancement in MRI
technology and DWI with CSF studies examining
the presence or absence of protein 14-3-3 or another
biomarker is needed.

Further investigation is needed into the utility of
CSF biomarkers in subgroups of patients on the basis
of demographics, time of presentation, duration of
illness, specific etiologies of prion disease, or genetic
factors.
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