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Abstract

Objective—To identify predictors of Alzheimer’s disease (AD) versus frontotemporal lobar
degeneration pathology in primary progressive aphasia (PPA), and determine whether the AD
pathology is atypically distributed to fit the aphasic phenotype.

Methods—Neuropsychological and neuropathological analyses of 23 consecutive PPA autopsies.
All had qualitative determination of neurofibrillary tangle (NFT) density. Additional quantitation
was done in four of the PPA/AD cases and four AD cases with the typical amnestic dementia of
the Alzheimer type.

Results—The sample contained mostly logopenic, agrammatic, and mixed forms of PPA. All six
agrammatics had frontotemporal lobar degeneration (five of six with tauopathy). Seven of the 11
logopenics had AD. In logopenics, lower memory scores increased the probability of AD, but
there were exceptions. The PPA/AD group showed predominance of entorhinal NFT typical of the
amnestic dementia of the Alzheimer type. In the small subgroup examined quantitatively,
neocortical NFTs were more numerous in the left hemisphere of PPA/AD. However, the
asymmetry was low and inconsistent. Neuritic plaques did not display consistent asymmetry.
Apolipoprotein E4, a major risk factor for typical AD, did not predict AD pathology in PPA.

Interpretation—Subtyping PPA helps to predict AD versus frontotemporal lobar degeneration
pathology at the group level. However, our results and the literature also indicate that no clinical
predictor is completely reliable in individual patients. The inconsistent concordance of NFT
distribution with the asymmetric atrophy and the nonamnestic phenotype also raises the possibility
that the AD markers encountered at autopsy in PPA may not always reflect the nature of the
initiating neurodegenerative process.

The relation of disease markers to dementia phenotypes has been investigated most
productively in Alzheimer’s disease (AD). In most AD cases, neurofibrillary tangles (NFTs)
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emerge and reach their greatest densities in hippocampoentorhinal areas, regions critical for
episodic memory.! Significant correlations exist between entorhinal NFT density and
memory scores,2 and between NFT density and regional neuronal loss.3 Shrinkage of the
hippocampoentorhinal region is therefore one of the earliest markers of AD,4 and a
progressive amnesia is its most typical clinical correlate.> Autopsy series have also shown
that AD pathology is the single most common cause of late-onset progressive memory loss,8
so the term dementia of the Alzheimer type (DAT) has become a generic clinical designation
for all amnestic dementias. Less frequently, AD pathology can also lead to syndromes where
frontal or parietal dysfunction predominates.”-8 Such atypical phenotypes become associated
with equally atypical distributions of NFT in a way that further supports the principles of
clinicopathological concordance in this disease.

The primary progressive aphasia (PPA) syndrome is entirely different from that of DAT. It
is diagnosed when a language impairment (ie, aphasia), caused by a progressive
neurodegenerative disease, constitutes the most salient (ie, primary) aspect of the clinical
picture. Memory for recent events is initially preserved, although memory scores obtained
on verbally mediated tests may be abnormal. This selectivity of the language deficit is
matched by an asymmetric and selective atrophy of the language network in the dominant
(usually left) hemisphere.® In keeping with these clinical differences from DAT, the
majority of PPA autopsies have shown the neuropathology of frontotemporal lobar
degeneration (FTLD) rather than AD.10~14 Nonetheless, many autopsies from patients with
PPA have also shown the amyloid plaques and NFTs of AD. Whether the distribution of AD
markers in these aphasic cases differs from patterns seen in the amnestic phenotype of DAT
remains poorly understood.

Because accurate diagnosis influences therapy, there has been considerable interest in
identifying clinical predictors of FTLD versus AD pathology in PPA. An autopsy series on
38 cases found that fluent/semantic and nonfluent forms of PPA have an equal likelihood
(approximately 30%) of having AD pathology,1! whereas a subsequent series from the same
group, based on 53 cases of PPA, found AD pathology in 44% of the nonfluent but in only
10% of the fluent/ semantic patients.6 The prediction has been made that a “logopenic”
variant of PPA, characterized by frequent word-finding pauses without major grammar or
comprehension impairments, is more likely to have AD pathology.15 However, this
prediction has not yet been tested in autopsy series. Although the language disorder
dominates the early stages of PPA, lesser memory impairments can also arise and have been
found to predict AD pathology.16:17 Not all autopsy series, however, confirm this
conclusion.11

This report includes 23 consecutive, unselected autopsies on patients with the clinical
syndrome of PPA. One goal was to explore factors that could predict AD versus FTLD
pathology. Another was to determine whether AD pathology in the aphasic dementia of PPA
had a different distribution than in the amnestic dementia of DAT.

Patients and Methods

Patients

Patients fulfilling criteria for PPA18:19 were included and subtyped as logopenic,
agrammatic, or semantic based on a modification of guidelines that Gorno-Tempini and
colleagues outlined.15:20 Although agrammatic patients were also disfluent, we required the
presence of prominent syntax errors (not just low fluency) for inclusion in this subgroup. For
example, Patient 20 had sent the following e-mail to her daughter: “I will come my house in
your car and drive my car into Chicago...You will back get your car and my car park in my
driveway. Love, Mom.” At her initial interview, 2 years after onset, Patient 23 gave the
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following account of her problem: “I have to force myself to tell people about understand
me. Words come out wrong the way.” Patient 4 was the only one classified as semantic
based on the constellation of preserved fluency and syntax but abnormal language
comprehension. Patients with intact syntax and comprehension but frequent word-finding
pauses and variable fluency were classified as logopenic. Patients with agrammatism and
also comprehension deficits of comparable magnitude, or whose language output was too
limited for specific characterization, were designated as “mixed” in Table 1. Demographic
data were analyzed using independent samples t tests. Fisher’s exact test was used to
examine group differences in categoric data.

All specimens were evaluated grossly for atrophy. Microscopic examination was conducted
in sections from language-related areas such as the inferior frontal gyrus (IFG), the superior
temporal gyrus (STG), and the inferior parietal lobule stained with hematoxylin and eosin,
thioflavin-S, and multiple antibodies for the diagnosis of AD and FTLD.21:22 In the FTLD
group, those with tau-positive inclusions (including Pick- and corticobasal degeneration—
type) were designated FTLD-T, and those with tau-negative but TDP-43 and ubiquitin
containing inclusions (including motor neuron disease—type) were designated FTLD-U.
Moreover, sections from the middle frontal gyrus, STG, and IFG were examined with
Gallyas stains for thorny astrocyte clusters.17

Standardized Consortium to Establish a Registry for Alzheimer’s Disease criteria were
always used to rate NFT and neuritic plaque density in entorhinal and language-related
neocortical areas. In addition, four of the PPA/AD cases (Cases 3-5 and 9) had sufficient
numbers of serially cut thioflavin-S sections from both hemispheres to allow stereological
quantitation in the entorhinal cortex, IFG, inferior parietal lobule, and STG. In this subset
(Cases 3-5 and 9 in Table 1), the Fractionator method from the Stereoinvestigator software
(Microbrightfield, Williston, VT) was used to count NFTs throughout the section thickness.
Data were entered into the software to adjust section thickness for dehydration and to
account for intersection distance so that the counts could be expressed as NFTs per cubic
millimeter. The findings were compared with counts obtained with the same method in a
group of four additional cases from our brain bank who had typical amnestic DAT and the
pathology of AD. These four DAT/AD comparison cases were chosen by section
availability, comparable disease severity (Clinical Dementia Rating of 3) at the last
examination before death, and age at death (see Table 3). The counting was done on 13 to 22
slides in each of these 8 cases by an investigator blinded to clinical diagnosis and then
analyzed with analysis of variance.

There were 11 AD and 12 FTLD cases. In the FTLD group, five had FTLD-U and seven had
FTLD-T. Abnormal TDP-43 immunohistochemistry was detected in all FTLD-U cases but
not in FTLD-T or AD cases. PPA/AD cases had Braak stage 6 neurofibrillary degeneration,
with the exception of Case 9 who had a Braak stage of 5. Most (7/11) logopenics had AD,
and all 6 agrammatics had FTLD, 5 with tauopathy (FTLD-T) (see Table 1).

Clinical, Demographic, and Imaging Data

The AD and FTLD groups did not differ significantly in sex, duration of illness, or family
history of dementia. Age at death was significantly younger (67.4 £ 5.7 vs 73.2 + 7.0 years;
p = 0.04) for the FTLD group. Although mean age of onset was not significantly different,
symptom onset at 70 years or older occurred in four AD but only one FTLD case.
Neuroimaging in both groups showed more atrophy, hypoperfusion, and hypometabolism in
the left hemisphere, especially in the perisylvian areas (Fig).
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At initial disease stages, aphasia was the most salient feature; no significant behavioral
abnormalities were present; and episodic memory for events was preserved as established by
history, clinical examination, and chart review. In 20 of the cases, additional standardized
testing of memory, naming, and fluency was done (Table 2). Results were converted to Z-
scores, taking into account age and education, to facilitate comparisons of impairment
severity across tests. Years of disease duration at the time of testing was not significantly
different in the two groups (3.3 + 1.5 years for AD vs 3.7 £ 1.7 years in FTLD). In each case
where both domains had been tested, performance on at least one of the three language tests
was worse than the performance on the memory tests, confirming the greater impairment of
language even beyond the initial stages of the disease. In the logopenic group, cases with the
lowest memory scores (Cases 5, 8, 10, 11) had AD. However, there were also two logopenic
cases (Cases 2 and 9) with normal memory who turned out to have AD, and one with
abnormal scores, albeit of lesser severity (Case 12), who had FTLD. Naming and
lexicosemantic fluency scores overlapped in the two groups, indicating equivalent aphasia
severity. Word and sentence comprehension was assessed during the neurological and
speech/language examination of all cases. Only the “mixed” and “semantic” cases had
comprehension deficits. Word comprehension scores on the Boston Diagnostic Aphasia
Examination and Western Aphasia Battery were available for 18 cases. Word
comprehension accuracy scores in the agrammatics and logopenics within this group was
85% or better.

Apolipoprotein Genotyping and Neuropathology

The apolipoprotein E4 allele frequency did not differentiate the AD group from the FTLD
group (see Table 1). At postmortem examination, asymmetrically greater left hemisphere
atrophy, neuronal loss, microvacuolation, and gliosis were seen in 4 of the 9 PPA/FTLD
cases and 8 of the 10 PPA/AD cases where both hemispheres were available (see Table 1).
However, standard Consortium to Establish a Registry for Alzheimer’s Disease—based
qualitative neuropathological assessment showed leftward asymmetry in only three of the
PPA/AD cases (Cases 1, 3 and 7). In these three cases, NFT densities on the left were
slightly higher than those on the right (+++ vs ++) in the IFG but not the STG or inferior
parietal lobule. (Table 3). Standard neuropathological assessments of NFT density did not
show any atypical preponderance of neocortical over entorhinal NFT density.

The stereological NFT quantitation of the four PPA/AD cases (Cases 3-5 and 9) and the
four DAT/AD cases is shown in Table 3. The NFT counts in these cases were calculated per
cubic millimeter of tissue. The similar number of entorhinal NFTs (33.37 £ 6.7 in PPA vs
29.96 £ 4.50 in DAT; p = 0.67) indicates that the two groups had comparable levels of AD
disease severity. Despite the small number of cases, the PPA/AD group had more
neocortical NFT in the left than the right (3.71 £ 0.79 vs 1.90 + 0.79; p < 0.005), and this
left-right asymmetry was greater than in the DAT/AD group (1.81 + 0.41 vs —0.06 £ 0.46; p
< 0.03). The degree of asymmetry in this small subset of four PPA/AD cases was variable.
Case 9, for example, had almost none. Furthermore, the magnitude of asymmetry in the
other three cases was small enough that it was detected by qualitative grading of NFT
density only in the IFG of Case 3, as noted earlier. The NFT counts in language-related left-
hemisphere neocortex were not significantly different in the two groups (3.69 + 1.10 in PPA
vs 2.96 £ 0.96 in DAT; p = 0.63). In both groups, NFTs were at least an order of magnitude
more numerous in entorhinal than in language areas (p < 0.0001). No consistent neocortical
asymmetry was seen in neuritic plaques. In 10 of the 11 PPA/AD cases, tissue was examined
for argyrophilic thorny astrocyte clusters (ATAC). None was seen in five cases, a single
cluster in three, and multiple clusters in two (see Table 1). None of the four DAT/AD cases
had ATAC.
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Case Report of a Primary Progressive Aphasia/Alzheimer’s Disease Patient with Serially
Documented Nonamnestic Course

The initial course of Case 9 was reported previously.23:24 A brief account, including his
final 14 years, is summarized to illustrate the profound divergence from the DAT phenotype.
His first examination at age 52, 5 years after onset, showed word-finding pauses, phonemic
paraphasias, and mild anomia (Boston Naming Test score = 48/60). Semantic category
fluency was normal. Performance was superior (memory quotient, 124) on the Wechsler
Memory Scale (WMS), high average (26/30) on the Hooper Visual Organization Test, and
average on the Facial Recognition Test (40/54).

Nine years after onset, the Boston Naming Test score declined from 48 to 32, and category
fluency from 16 to 8. Syntax and comprehension remained unremarkable. On the Facial
Recognition task, his score improved from 40 to 46, and on the Hooper Visual Organization
Test from 26 to 28. Reasoning, tested by Raven’s Progressive Matrices, changed minimally
from 47 of 60 to 44 of 60. Orientation on the WMS remained perfect (11/11), design recall
remained in the unimpaired range, and the Rey Auditory Verbal Learning Test delayed
recall (inadvertently omitted at the 9-year mark) was 13 of 15 at initial testing and 12 of 15
at the 8-year mark.

His son-in-law reported that the patient had behaved appropriately on their plane trip for the
last visit to our clinic, 20 years after symptom onset, at a stage where he had no intelligible
written or verbal output. On returning from the clinic, the patient led the way to the hotel
and prevented his son-in-law from taking a wrong turn. A year later, he became agitated and
did not respond to reassurances from family members. He died at the age of 70, 23 years
after symptom onset. Autopsy showed AD pathology at the Braak 5 stage. Despite greater
neuronal loss and dysfunction in the left hemisphere, shown by imaging and gross
inspection of the brain, NFT counts in language cortices showed almost no hemispheric
asymmetry (see Table 3).

Discussion

Guidelines for subtyping PPA are still evolving. We subdivided disfluent patients who
would have fit Neary and colleagues’2® criteria for progressive nonfluent aphasia into
agrammatic and logopenic variants, as Gorno-Tempini and colleagues15 proposed. In our
sample of 23 autopsies, all 6 agrammatic cases had FTLD. However, the literature also
contains agrammatic cases with AD pathology.26 In keeping with somell but not all PPA
autopsy series,2’ we found that the agrammatic subjects were more likely to have FTLD-T
than FTLD-U. The logopenic group was more heterogeneous. The majority (7/11) had AD,
a result that confirms Gorno-Tempini and colleagues’1® prediction. In the logopenic group,
lower memory scores with Z-values around —3 were predictive of AD pathology but were
not necessary for this diagnosis. In particular, Case 9, whose memory preservation was
rigorously documented by serial testing for many years after aphasia onset, also had AD
pathology. The relation of low memory scores to AD pathology in PPA is consistent with
Kertesz and colleagues’1® findings. Because one of the logopenic cases with FTLD (Case
12) also had abnormal memory scores (Z-score = —1.6), the predictive value of this marker
at the level of individual patients is likely to be relative rather than absolute.

Our sample had only one semantic PPA case. Other series have found a 10 to 30%
frequency of AD pathology in patients with characteristics of semantic PPA but have not
identified clinical markers that distinguish this subgroup from semantic patients with FTLD.
6,11 The evidence from the present sample and othere autopsy series in the literature would
therefore advise caution in predicting, on clinical grounds, whether an individual PPA
patient will have AD or FTLD pathology. At the group level, however, the agrammatic
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pattern favors FTLD-T pathology, whereas the logopenic pattern with low memory scores
favors AD. Our results show that the predictive value of clinical diagnosis is improved by
replacing the progressive nonfluent aphasia designation with designations of “agrammatic
PPA” and “logopenic PPA.”

The most important risk factor for “typical” DAT/ AD, the e4 allele of apolipoprotein E, was
not a risk factor for AD pathology in PPA, suggesting that the PPA and DAT phenotypes
differ with respect to molecular risk factors for AD pathology.28 The use of apolipoprotein E
genotyping for predicting AD versus FTLD pathology in PPA is therefore not justified. Age
at symptom onset was not significantly different in the two groups, but there were 4 PPA/
AD patients with onset at age 70 and older as opposed to one such PPA/ FTLD case. The
one significant relationship, clearly of no predictive value, was the age of death, so that only
2 of the 11 FTLD cases died after the age of 70, whereas 8 of the 11 AD cases died after age
70.

The concordance among the temporal course of NFT density, distribution of atrophy, and
evolution of clinical features is extensively documented in the amnestic DAT phenotype of
AD.29732 However, AD pathology has also been reported with other clinical patterns such
as progressive visuospatial dysfunction. In such patients, the NFT densities in visual areas
(BA17, BA18), are up to 25-fold greater than in typical DAT/ AD, and the subiculum of the
hippocampoentorhinal complex has fewer tangles than BA18, a reversal of the pattern seen
in typical DAT/AD.33:34 Another atypical correlate of AD neuropathology is the frontal
lobe syndrome where frontal NFT densities have been 10-fold greater than in typical DAT/
AD patients.7 In distinct contrast with DAT/AD, frontal NFT densities were also higher in
frontal neocortex than in the hippocampoentorhinal complex of these patients.

Clinically concordant hemispheric asymmetries have also been reported in AD. In one
patient, progressive left hemiparesis was associated with an NFT density 10 times greater in
the contralateral right somatosensory cortex than in the left.3 In three patients with the
typical amnestic onset of DAT, who then experienced development of prominent aphasia
and asymmetric left cortical atrophy, NFT densities were also asymmetrically higher in the
neocortical regions of the atrophic hemisphere.36 The patients did not meet the criteria for
PPA because of the early amnesia. Nonetheless, the prominence of the aphasia was mirrored
by the asymmetric density of NFT that fit the pattern of cortical atrophy.

These examples show that the distribution of NFT in AD can be congruent with functional
impairment and cortical atrophy patterns not only in typical DAT but also in atypical clinical
presentations, and that this concordance persists until death. If similar concordance existed
in PPA/AD, NFT in neocortex would be expected to be more numerous than in entorhinal
cortex, and the NFT counts in the left hemisphere would be expected to be greater than
counts in the right hemisphere and also greater than counts in analogous neocortices of
DAT/AD. However, microscopic analyses in the 10 PPA/AD patients where tissue from
both hemispheres was available demonstrated no atypical instance in which neocortical
NFTs predominated over entorhinal NFTs. The small subset of four PPA/AD and four DAT/
AD cases where the NFTs were stereologically quantitated showed that the PPA/AD group
had a significantly greater leftward asymmetry of neocortical NFT in language-related parts
of the brain. However, the magnitude of this asymmetry was much lower than in some of the
atypical cases mentioned earlier; it was not always detectable by standard Consortium to
Establish a Registry for Alzheimer’s Disease ratings of density; and it was inconsistent, as
shown by the nearly symmetric NFT distribution in Patient 9, who had a distinctly aphasic
profile for many years and a left hemisphere predominance of dysfunction. Furthermore, the
NFT counts in language-related left-hemisphere neocortical areas were nearly identical in
the two groups despite the distinctly different phenotypes. This inconsistency of
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clinicopathological concordance in our cases is in keeping with the literature on AD
pathology in PPA.

The PPA patient that Engel and Fleming37 reported had asymmetric left perisylvian atrophy
and AD neuropathology. However, NFT density was higher in entorhinal cortex than in
language-related neocortical areas, and asymmetry was not mentioned. Green and
coworkers38 also reported a PPA/AD patient in whom NFTs were maximal in the
hippocampoentorhinal complex and without hemispheric asymmetry. One of the three PPA
cases that Kempler and investigators3® reported had AD at autopsy, but there was no
mention of NFT distribution. The eight “possible” PPA cases with AD pathology that
Munoz and colleagues?’ reported and the case that Li and coworkers* reported are also said
to have had a “typical” distribution of AD-specific lesions, although no quantitation was
reported.1’

The Cambridge group reported six cases with “progressive aphasia” and qualitative
assessment of AD pathology.#! In three cases, NFT had a pattern indistinguishable from
DAT/AD. A fourth case had no plaques and would not appear to fit the diagnosis of AD. Of
the remaining two cases, Case PB had more NFTs in temporal than in entorhinal cortex, and
Case AS had more NFTs in temporal, parietal, and frontal cortices than in entorhinal cortex.
Case AS had been reported previously in a separate publication by the same group.28 Cases
PB and AS are thus the only examples of PPA/AD we found in the literature showing
greater NFT densities in language- than in memory-related parts of the brain, albeit without
evidence of hemispheric asymmetry.

We therefore agree with Munoz and colleagues?’ that there is relatively little
correspondence between the anatomic distribution of disease markers and clinical features in
PPA patients with AD pathology. This contrasts with other atypical AD phenotypes in
which NFT distributions become equally atypical in ways that mirror the patterns of atrophy
and clinical deficits. Furthermore, a major risk factor for AD, the e4 allele of apolipoprotein
E, is not predictive of AD pathology in our PPA sample. The one significant correlate of AD
pathology was age at death, an interesting relation in light of the correlation of autopsy age
to NFT density, even in nondemented subjects.42:43

The often-quoted statement that PPA can be caused by atypically distributed AD pathology
may therefore need to be revised. Although there is agreement that many PPA patients have
the neuropathological markers of AD at death, it is not entirely clear that these markers are
necessarily responsible for the initial aphasic presentation and the associated asymmetric
atrophy of language-related areas in the brain. This question becomes particularly relevant to
Case 9, in whom the “aphasia without amnesia” pattern had been documented over many
years, in whom imaging and autopsy showed asymmetrically greater left hemisphere
abnormalities, but in whom the microscopic examination demonstrated typical AD with no
significant asymmetry or neocortical preponderance of NFT.

This evidence raises the possibility that some cases of PPA/AD may reflect a truly atypical
presentation of AD, whereas others may have a concomitant process that triggers the
distinctive clinical picture, but that subsequently becomes overshadowed by AD markers. As
an illustration of this possibility, Amador-Ortiz and coauthors** reported TDP-43
immunoreactivity characteristic of concomitant FTLD in 23% of their AD cases. Such
overlap was not seen in our nine PPA/AD cases where TDP-43 was investigated. Munoz and
colleagues!’ described ATAC in PPA/AD, but not in DAT/AD, and hypothesized that these
clusters are markers “of a pathological process concurrent with AD, and related to the
focality of the clinical presentation.” In our sample, only 2 of the 11 PPA/AD cases had
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multiple ATACs. This is an interesting lead to follow, although it does not appear to provide
an answer applicable to all PPA/AD cases.

In the future, cerebrospinal fluid analyses of B-amyloid and phosphotau may help to predict
underlying pathology in PPA.#° Positron emission tomography with amyloid and NFT
ligands could favor a diagnosis of FTLD when negative. There may also be alternative
mechanisms, perhaps based on amyloid oligomers or a special subset of plaques, that would
reconcile the role of AD pathology in PPA/AD even in the absence of concordant NFT
distributions. However, it is worth pointing out that in vivo amyloid imaging in DAT has not
shown a relation between left-hemisphere amyloid binding and language impairment.46
Further clarification of the questions raised by AD pathology in PPA could demonstrate
novel principles of clinicopathological correlations and may help to explore the unique
molecular fingerprints of the left-hemisphere language network that make it the selective
target of atrophy and dysfunction in PPA.
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