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Abstract

Paraneoplastic cerebellar degeneration (PCD) is usually thought to have a subacute progression over several weeks. We report
herein incidence and clinical features of hyperacute onset PCD, a vertebrobasilar stroke mimic. We performed a retrospective
analysis of all suspected PCD cases referred to the Udine University Hospital between 2009 and 2017. Our center provides the
only neuroimmunology laboratory for three provinces of the Friuli-Venezia Giulia region, Italy (983,190 people as of January 1,
2017). Inclusion criteria were (1) abrupt onset of neurological symptoms; (2) initial consideration of a vascular etiology; (3) final
diagnosis of “definite PCD.” We also carried out a systematic review of the literature in order to identify previous stroke-like PCD
cases. Between 2009 and 2017, 24 patients received a final diagnosis of PCD. The age-standardized incidence rate of PCD was
0.22/100,000 person-years. Two cases (8.3%) had a stroke-like onset, with an incidence of 0.02/100,000 person-years.
Additionally, 10 previously reported stroke-like PCD cases were identified. Among all cases (n = 12), 67% were female; median
age was 51 years (range, 22—69). An associated cancer was discovered in all cases. Brain imaging was normal in most (75%) of
the patients. Cerebrospinal fluid (CSF) analysis showed inflammatory alterations in 73% of the cases. Cancer treatment was more
effective than immunotherapy in improving the neurological syndrome. Typical patients with hyperacute PCD are middle-aged
women with normal brain imaging, inflammatory markers in CSF, and cancer. Surgery of the underlying cancer is probably the
best treatment. PCD must be considered in the differential diagnosis of acute-onset ataxia and/or vertigo.
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Introduction vertebrobasilar stroke being the most common neurological
etiology [1]. The preeminent role of stroke in the differential
diagnosis of central acute vestibular syndrome risks to over-

shadow other less common nosological entities, as reflected

Acute dizziness, vertigo, and imbalance are common present-
ing symptoms in the emergency department, with
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by the growing rate of stroke mimics treated with intravenous
thrombolysis (IVT) [2]. IVT is an effective treatment for acute
ischemic stroke but has several potential adverse effects, in-
cluding internal bleeding, intracranial hemorrhage, and death.
Cancer patients are more prone to develop neurological dete-
rioration after treatment with IVT, probably due to higher risk
of brain hemorrhage [3, 4]. Patients who are not eligible for
IVT usually receive antiplatelet and/or anticoagulant therapy,
and the bleeding risk is higher in those with an associated
cancer [5].

Therefore, the early identification of patients with cancer
that present with an acute vestibular syndrome unrelated to a
vascular etiology is of utmost importance, since stroke thera-
pies are likely to provide more risks than benefits in this sub-
group of patients.

Paraneoplastic cerebellar degeneration (PCD) is a neuro-
logical syndrome characterized by cerebellar ataxia due to
tumor-induced autoimmunity against cerebellar antigens.

Onset is usually gradual over weeks to months, although
acute forms have been rarely described [6].

In this study, we report incidence and clinical features of
hyperacute onset PCD, a vertebrobasilar stroke mimic. We
also conducted a review of the literature to identify previous
reports of PCD in adults with a stroke-like onset.

Methods

Our institution, the Udine University Hospital, provides the
only medical laboratory assessing the presence of neuronal
antibodies (Abs) for 3 provinces of the Friuli-Venezia Giulia
region, Northeastern Italy (Udine, Pordenone, and Gorizia, for
a total of 983,190 inhabitants as of January 1, 2017). PCD
cases were identified from multiple sources: hospital-based
database of patients tested for the presence of neural Abs at
our Institution and hospital discharge diagnoses of all the
Neurology Departments in the abovementioned provinces.
We retrospectively reviewed the medical records of all pa-
tients who were referred between January 1, 2009, and
December 31, 2017, for suspected paraneoplastic syndrome
(PNS) and who received a definite diagnosis of PCD accord-
ing to available diagnostic criteria [7]. All patients underwent
a comprehensive laboratory examination for suspected PNS,
including both line-blot analysis (Euroimmun AG, Luebeck,
Germany) on recombinant proteins for the presence of
onconeuronal Abs (anti-Hu, Yo, CV2/CRMP3, Ri, Ma2, and
amphiphysin) and transfected cell-based assays (Euroimmun
AG, Luebeck, Germany) for Abs directed towards neural sur-
face antigens (NMDAR, LGI1, CASPR2, GABARR,
AMPAI1R, AMPA2R). Immunofluorescence on rat brain sec-
tion was performed in indeterminate cases at the French
Reference Center of Paraneoplastic Neurological Syndrome,
Lyon, France.

The inclusion criteria for the present study were as follows:

1) Abrupt onset of the neurological symptoms;

2) Initial consideration of a vascular etiology;

3) Final diagnosis of “definite PCD” (PCD in a patient with
or without well-characterized Abs and cancer that de-
velops within 5 years).

Patients residing outside the study area were excluded. The
present study was approved by the Institutional Review Board
of the University of Udine Medical School.

Review of the Literature

A comprehensive search was performed on May 2019 without
language restrictions on PubMed, Web Of Science and Scopus
with the string (acute) AND ((ataxia AND paraneoplastic) OR
(“paraneoplastic cerebellar degeneration”)). All abstracts were
screened in order to select adult cases of PCD with a stroke-
like onset; full texts of pertinent articles were checked in order
to exclude nonrelevant papers. The same procedure was per-
formed on the references of relevant articles.

Statistical Analyses

Average annual incidence rate was estimated per 100,000 and
calculated as the number of new diagnoses of PCD divided by
the number of person-years at risk in the resident population.
Data on the resident population were obtained from the Italian
National Institute of Statistics (ISTAT).

Crude incidence rates were standardized to the European
standard population (European Commission, 2013) by direct
method. Mid-p exact 95% confidence intervals (95% CI) were
calculated for incidence rates.

Results
Epidemiology

Between 2009 and 2017, 24 patients received a final diagnosis
of PCD in the study area. The age-standardized incidence rate
of PCD was 0.22/100,000 person-years (95% CI, 0.13-0.31).
Twenty-two cases had a classic subacute onset (91.7%), while
2 patients (8.3%) had a stroke-like onset. Hyperacute PCD
showed an incidence of 0.02/100,000 person-years (95% CI,
—0.01-0.05). The 2 cases identified with stroke-like onset
presented with sudden-onset down-beat nystagmus (case 1)
and abrupt limb ataxia (case 2). Details on epidemiological
data and clinical presentation of the PCD cases with stroke-
like onset are available in the Supplementary Material.
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Review of the Literature

Our literature search yielded 189 articles published between
1974 and 2019, among which we retrieved 10 additional cases
of hyperacute PCD [8-17]. By combining our cases with
those previously described, we were able to define the clinical
phenotype of hyperacute PCD. All patients are presented in
Table 1. Among all cases (n = 12), 67% were female; median
age was 51 years (range, 22—69). All patients exhibited a
sudden onset of neurological symptoms. Concomitant vascu-
lar risk factors were present in 67% of them. Brain imaging
was normal in most (75%) of the patients and none had radio-
logical evidence of an acute stroke. An associated cancer was
discovered in all cases (breast in 2, ovarian in 2, small cell
lung cancer in 3, other type of cancer in 5). Cerebrospinal fluid
(CSF) results were available for 11 patients and abnormal in §
(73%) with the most common abnormality being pleocytosis
(6/11), followed by increased protein content (4/11) and pres-
ence of CSF-exclusive oligoclonal bands (3/11). Results of
antibody testing was available for 10 patients: 6 showed Ab-
positivity (3 Yo, 1 Hu, 1 Tr, 1 VGKC without further specifi-
cations). All patients received a final diagnosis of definite
PNS according to the international guidelines. Eight patients
(67%) received an immunotherapy (corticosteroids in 7 cases,
plasmapheresis in 4, intravenous immunoglobulin in 4).
Improvement was usually minor/mild after immunotherapy.
Surgery of the underlying tumor with or without concomitant
chemotherapy was adopted in 5 cases (42%): a major, albeit
transitory, improvement or complete recovery was noticed in
4/5 cases.

Discussion

In this study, we provide incidence and clinical features of
PCD, showing that a hyperacute onset is possible, and
therefore, this syndrome should be considered in the dif-
ferential diagnosis of acute neurovascular syndromes.
Indeed, the 2 newly reported cases of PCD share a similar
presentation: an acute vestibular syndrome with localizing
signs of central involvement, initially mimicking a stroke.
The presence of relevant vascular risk factors (Table 1)
further strengthened the clinical impression of a vascular
etiology. After an appropriate workup, a diagnosis of def-
inite PCD [7] was established in both cases. Similarly, all
previous cases of acute stroke-like PCD met the criteria
for a definite paraneoplastic syndrome. No clear demo-
graphic, clinical or laboratory feature differentiates be-
tween acute cases and classic subacute patients described
in literature [18]. Accordingly, time of onset is not con-
sidered among diagnostic criteria [7], although a subacute
progression is widely recognized as usual [6]. An expla-
nation for such variability in disease onset and

GRO @ Springer

progression despite the substantial demographic-
laboratory homogeneity is currently lacking; individual
predisposing factors are probably involved.

From an immunological prospective, it is difficult to
explain how an immune-mediated process could present
so acutely. Recent data, however, pointed out that a mas-
sive cerebellar inflammation and intense cytokine produc-
tion take place in a murine model of PCD [19], and this
inflammatory response is able to induce Purkinje cell
death even at very early stages (substantial cell loss is
detectable even after 6 days in a model of anti-Yo-
associated PCD) [20]. The final effectors of this
immune-response are CD8" T cells, coordinated by
CD4" T cells, which can in turn increase the production
of interferon-gamma (IFNvy) and tumor necrosis factor-
alpha (TNF-«), leading to neuronal dysfunction and neu-
ronal excitotoxicity due to an alteration in calcium ho-
meostasis [19, 20]. This cascade of events is likely to be
responsible for the subsequent neuronal apoptosis. To the
contrary, the fact that neither immunoglobulin (Ig) bind-
ing nor complement deposition were detected in these
models suggests that the humoral immune response does
not play a major role in PCD [19]. Based on these data,
our hypothesis is that there is an initial “functional” alter-
ation of Purkinje cells that can be widespread and acute in
relation to the intense cytokine production, and it may
account for the “stroke-like” clinical presentation. Such
early impairment is probably amenable to treatment.
Later on, when diffuse Purkinje cell loss takes place, ir-
reversible damage occurs and cerebellar atrophy ensues.

On a therapeutic note, our cases as well as previous reports
(Table 1) seem to confirm immune therapy as the main med-
ical treatment. Nevertheless, a substantial proportion of cases
show an unsatisfactory response. Tumor removal had a rele-
vant clinical effect in the majority of surgically treated cases,
as already demonstrated in autoimmune encephalitis [21].
Apart from medical or surgical treatment, physical therapy
appears to play a significant role in the treatment of PCD, as
seen in case 2 and in previous cases [22].

To the best of our knowledge, this is the first report on the
incidence of hyperacute-onset PCD. Differential diagnosis
with posterior circulation stroke can be challenging. We pro-
vide in Table 2 a list of clinical, neuroimaging, and laboratory
features that should be considered in the process of differen-
tiating between the two conditions [23-27].

In conclusion, PCD can present with a hyperacute onset
mimicking stroke in about 8% of the cases. A high index of
suspicion is necessary for early diagnosis and consequent can-
cer treatment, essential for a positive impact on outcome. On
the other side, a more extensive availability of diffusion-
weighted imaging brain magnetic resonance imaging would
permit to reduce the number of cases inappropriately treated
with IVT.
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Table 2 Red flags and distinguishing features between posterior circulation stroke vs. hyperacute paraneoplastic cerebellar degeneration

Feature Posterior circulation stroke

Hyperacute PCD

Previous medical ~ Vascular risk factors
history

Red flag: cancer, especially pancreatic, colorectal, and

lung tumors, increase the
risk of stroke [23]
Ataxia Asymmetric onset is common, often
associated with involvement of long tracts [24]

Early hyperacute  Lesion(s) involving the distribution of vascular territories,
MRI features or multiple lesions in case of embolic strokes, demonstrating A case with diffuse MRI signal abnormality in the

increased DWI signal and reduced ADC values

CSF examination — Typically normal

Recent (< 5 years) history of cancer (especially breast,
ovary, and small cell lung cancer)

Red flag: vascular risk factors (e.g., smoking) are
commonly present also in PCD

Pancerebellar syndrome is the rule, with ataxia affecting
both trunk and limbs, although asymmetric onset has
been reported previously [25, 26]

Typically normal

cerebellar hemispheres early in the course
of PCD has been reported [27]

CSF pleocytosis (white blood cell

Inflammatory alterations may be present in a subset of patients count of more than five cells per mm?®) is common

(e.g., vasculitis syndromes)

Presence of oligoclonal bands
Increased protein content often detected

ADC, apparent diffusion coefficient; CSF, cerebrospinal fluid; DWI, diffusion-weighted imaging; MRI, magnetic resonance imaging; PCD,

paraneoplastic cerebellar degeneration
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