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Summary

Several cancers, especially lung, ovarian and breast, can cancer patients without paraneoplastic syndromes of the
cause paraneoplastic cerebellar degeneration. The presendeNS. Titres of HuAb were classified as ‘high’ (immunoblot

of different antineuronal antibodies associated with different  titre: 10 000) or ‘low’ (<1 : 10 000), the latter similar
cancers and paraneoplastic cerebellar degeneration suggests the antibody titres detected in some small-cell lung

that several immunological mechanisms may result in the  cancer patients without paraneoplastic symptoms. Twenty-
same neurological disorder. In patients with small-cell lung five patients with paraneoplastic cerebellar degeneration
cancer, paraneoplastic cerebellar degeneration may occur  (44%) had high titres of HuAb, four (7%) had low titres of
with or without Hu antineuronal antibodies (HuAb), HuAb, and 28 (49%) were HuAb negative; for clinical
indicating that patients with the same tumour can develop ~ comparisons with the patients with high titres of HuAb, the
paraneoplastic cerebellar degeneration by different immunofour patients with low antibody titres were included in the
logical mechanisms. Furthermore, paraneoplastic cerebellar ~ HuAb negative cohort. None of the 109 small-cell lung cancer
degeneration sometimes occurs in association with thgatients without paraneoplastic symptoms had high titres of
Lambert—-Eaton myasthenic syndrome. In order to try to HuAb. The presence of high titres of HuAb defined a
understand the clinical implication of antineuronal anti- subset of patients who differed from the HuAb negative
bodies in patients with small-cell lung cancer, we examined paraneoplastic cerebellar degeneration cohort, HuAb positive
the serum of 57 patients with presenting symptoms of pargpatients were more likely to be female € 0.01), to have
neoplastic cerebellar degeneration for the presence of HuAb multifocal neurological disease (brainstem encephalopathy
and P/Q- and N-type voltage-gated calcium channel anti-and sensory neuropathy being common extracerebellar mani-
bodies. Patients with paraneoplastic cerebellar degeneration  festatidhisx (0.002), and be severely disable® &

who were HuAb positive were compared with HuAb negativeé).005). A total of nine patients (16%) from both para-
patients with respect to neurological symptoms, course of  neoplastic cerebellar degeneration groups developed
the neurological disorder, response to treatment, tumourelectrophysiologically confirmed Lambert—Eaton myasthenic
prognosis, pathological findings, and cause of death. The  syndrome. Seven of these nine patients had serum availabl
tumour outcome and serological findings of these patientfor P/Q-type voltage-gated calcium channel antibody testing
were also compared with those of 109 small-cell lung and all seven were positive. In addition, 20% of HuAb
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negative paraneoplastic cerebellar degeneration patients paraneoplastic cerebellar degeneration patients demon-
without clinically identified Lambert—Eaton myasthenic strated severe loss of Purkinje cells without inflammatory
syndrome had P/Q-type voltage-gated calcium channel anti- infiltrates of the neuraxis (two patients); mild perivascular
bodies, while only 2% of small-cell lung cancer patientsinflammatory infiltrates involving dentate, brainstem and
without paraneoplastic symptoms had these antibodies. Treat-  spinal cord were found in one patient who died within 1
ment of the tumour and/or immunomodulation did not altermonth of symptom development. We conclude that in patients
the course of paraneoplastic cerebellar degeneration, but  with small-cell lung cancer and paraneoplastic cerebellar
improved Lambert—Eaton myasthenic syndrome symptomdegeneration: (i) the HuAb may or may not be present at

At the time of death, in 60% of HuAb positive and 20% high titredl ¢ 10 000); (ii) at least 16% of these patients

of HUAb negative paraneoplastic cerebellar degeneratiorhad Lambert—Eaton myasthenic syndrome, irrespective of the
patients, the tumour was either not evident or localized to HuAb status; (iii) all Lambert—Eaton myasthenic syndrome
the chest P < 0.007); neurological disease was the causepatients were P/Q-type voltage-gated calcium channel anti-

of death of 65% HuAb positive paraneoplastic cerebellar body positive; (iv) a further 20% of HUAb negative paraneo-
degeneration and 10% HuAb negative paraneoplastic cereplastic cerebellar degeneration patients without identified
bellar degeneration patient$(< 0.001). Irrespective of the Lambert—-Eaton myasthenic syndrome were also P/Q-type
serological findings and cause of death, paraneoplastiovoltage-gated calcium channel antibody positive, suggesting
cerebellar degeneration patients who received standard treat-  that they had subclinical Lambert—-Eaton myasthenic syn-
ment for the small-cell lung cancer, had shorter survivaldrome; (v) HuAb positive paraneoplastic cerebellar degen-

(1- and 2-year survival after cancer diagnosis of 46% and eration patients were more likely to be female, to have
28%, respectively) than an age-, tumour-stage- and treatmentultifocal neurological disease, to be severely disabled, or
matched group of 59 small-cell lung cancer patients without  to die from neurological causes; (vi) independent of serology
paraneoplastic disease (1- and 2-year survival estimatesand cause of death, paraneoplastic cerebellar degeneration
76% and 31%, respectively). The pathological findings of  patients receiving standard treatment for small-cell lung
five HuAb positive paraneoplastic cerebellar degenerationcancer died earlier than a matched group of non-paraneo-
patients examined at autopsy included diffuse encephalo- plastic cerebellar degeneration small-cell lung cancer
myelitis with severe loss of Purkinje cells in four patients,patients; (vii) (pathology) inflammatory infiltrates were far

but no apparent Purkinje cell loss in one; three patients also more prominent in HuAb positive compared with HuAb
had involvement of posterior nerve roots or dorsal rootnegative paraneoplastic cerebellar degeneration patients, in
ganglia. By contrast, autopsy studies of three HuAb negative  a small sares3).

Keywords: paraneoplastic cerebellar degeneration; cancer; Lambert—-Eaton myasthenic syndrome

Abbreviations: HUAb = Hu antineuronal antibodies)-CmTx = w-conotoxin MVIIC

Introduction

‘Subacute cerebellar degeneration associated with neo- In 1982, Henson and Urich classified paraneoplastic
plasms’, now usually called paraneoplastic cerebellacerebellar degeneration according to the presence or absence
degeneration, is a clinico-pathological concept establishedf inflammatory infiltrates. The discovery that some patients
by Brain and Wilkinson (1965), and characterized by thewith paraneoplastic cerebellar degeneration harbour, in their
subacute onset of cerebellar dysfunction (gait difficultyserum and CSF, antibodies against neuronal proteins
and limb ataxia), sometimes associated with dysarthriagypressed by the tumour (onconeural antigens) (Trettat,
dysphagia, nystagmus, mental changes, and muscular aRd76; Greenlee and Brashear, 1983; Grausal, 1985;
sensory deficits. The pathological hallmark is a diffuse |°SS:JaeckIeet al, 1985; Luqueet al, 1991), has lead some

of Purkinje cells, usually accompanied by thinni_ng of theinvestigators (Hammaclet al, 1990; Dalmau and Graus,
molecular and granular layers, and degeneration of th 995; Posner, 1995) to divide paraneoplastic cerebellar

dentate, olivary nuclei and long tracts of the spinal cord . :
! - . : degeneration into subsets according to the presence or absence
(Brain and Wilkinson, 1965). In some patients, inflammatory o L : P
f specific antibodies. While the role of these antibodies in

infiltrates are found in cerebellum and other areas of thé’h h is of lasti bellar d .
neuraxis, but not in the Purkinje cell layer (Bragt al, the pathogenesis of paraneoplastic cerebellar degeneration is

1951; Vick et al, 1969). Cancers of the lung, ovary, breastu”k”_o_""”’ specific onconeural an_tibodies are assqciated with
and lymphoma are the most frequent causal neoplasms. BrafiPecific neoplasms, often allowing early detection of the
and Wilkinson (1965) included 13 clinically observed casedumour (Hammacket al, 1990; Dalmauet al, 199%;

and six patients with autopsy studies in their original descripPetersoret al, 1992). In addition, paraneoplastic cerebellar
tion, and pointed out that subacute cerebellar degeneratigtegeneration associated with specific onconeural antibodies
associated with neoplasm ‘is both clinically and pathologic-differ neuropathologically and clinically. For example, anti-
ally less well defined than its name may imply’. Yo antibodies are usually associated with: (i) ovarian or
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breast cancer; (ii) severe neurological disability that is of The diagnosis of small-cell lung cancer was confirmed
itself rarely the cause of death; and (iii) a total, or near totahistologically before death in 50 patients. Three patients had
loss of Purkinje cells with few or no inflammatory infiltrates tissue diagnosis established at autopsy. Four patients without
in the cerebellum, but marked inflammatory infiltrates in histological evidence of small-cell lung cancer, were included
the tumour (Hetzelet al, 1990; Petersoret al, 1992; in the study on the basis of the presence of chest or CT
Verschuurenet al, 1996). By contrast, Hu antineuronal radiological abnormalities suggestive of a neoplasm and the
antibodies (HuAb) usually indicate a more widespreaddetection of HuAb, which is known to be a serological
disorder called paraneoplastic encephalomyelopathy angharker for small-cell lung cancer (Dalmaet al, 1990,
sensory neuronopathy, almost always associated with smalt992s; Kiers et al., 1991).

cell lung cancer (Andersomt al, 1988; Dalmauet al, Using these criteria, 57 patients with small-cell lung cancer
199). These patients also differ from anti-Yo patients in and paraneoplastic cerebellar degeneration were identified;
that the HUAb positive patients often die from the neurological3? were examined by at least one of the authors; information
disorder, and have extensive inflammatory infiltrates in theyy the other 25 patients whose serum was referred for
nervous system and neuronal degeneration not restricted E‘%say, was obtained from records sent by referring physicians
Purkinje cells of the cerebellum (Graesal., 1987; Anderson by telephone and letter interviews with the families

et al,, 1988; Dalmatet al.,, 1992, 1995). or patients. Seven patients with paraneoplastic cerebellar

A previous study demonstrated that 13% of patients Witlhegeneration have been previously reported (Daletaal.,
small-cell lung cancer and encephalomyelitis present with 8991 1999 Gonzdez del Val et al. 1992 Hershet al

subacute cerebellar syndrome that in the initial stages coulg994. Heidenreiclet al, 1995). As controls we included 109
not be differentiated from paraneoplastic cerebellar ' N '

d tion. This stud ted that th f small-cell lung cancer patients without clinical evidence
egeneration. This study suggested that the presence o u%t? paraneoplastic cerebellar degeneration or paraneoplastic

pIEdI'Ctiggt;e gixelop:ngpt of encei)ho?l?r:n ¥el't't$ (?alm_?h ncephalomyelitis and sensory neuropathy, treated at the
et a., ). er studies suggeste at patients Withy o morial Sloan-Kettering Cancer Center.

small-cell lung cancer who develop isolated cerebellar
dysfunction are HuAb negative and are more likely to develop
Lambert—Eaton myasthenic syndrome (Cloustbal., 1992;

Motomuraet al,, 1995). Sera and tissues
To determine the clinical implication of the presence Orﬁerum from paraneoplastic cerebellar degeneration patients
. . ; R/vas obtained at diagnosis of the neurological disorder, and
paraneoplastic cerebellar degeneration, we examined the S§18m control subjects at diagnosis of small-cell lung cancer;
of 57 patients with paraneoplastic cerebellar degeneration o '
L ! .—~all sera were kept frozen at —70°C. Cerebral cortex,
and small-cell lung cancer for autoantibodies, including

HuAb, P/Q- and N-type voltage-gated calcium Channelcerebellum and non-neural tissue (liver, kidney) were

antibodies. Patients with and without HUAb were CompareaObtalned from neurologically normal individuals within 6 h

with respect to neurological symptoms, course of theafter death, embedded in optimal cutting temperature

neurological disorder, response to treatment, tumouf:ompotunOI (OhC]IT th;Iesl_, E!l(;ha_rtt, Ind., USS\),tsnag frtozigolg
prognosis, and cause of death. isopentane chilled by liquid nitrogen, and stored at — .

Isolation of cortical neurons and Purkinje cells and

purification of recombinant HuD (an antigen recognized by
Patients and methods HuAb) were obtained as previously reported (Dalmau and
Inclusion criteria Rosenfeld, 1995; Manlegt al., 1995).

Patients included in the study had (i) presenting symptoms 1he sera of all small-cell lung cancer patients (57 with
of paraneoplastic cerebellar degeneration, (i) a small-celPraneoplastic cerebellar degeneration and 109 without
lung cancer identified before or after the development off@raneoplastic cerebellar degeneration) and 45 normal
neurological symptoms and (i) serum available for individuals  (blood bank donors) were examined for
immunological studies. antineuronal antibodies at the Memorial Sloan-Kettering

Patients were considered to have paraneoplastic cerebell&@ncer Centersgebelow). In addition, sera were examined
degeneration if (i) cerebellar dysfunction was not ascribable téor P/Q- and N-type voltage-gated calcium channel antibodies
structural lesions such as brain or leptomeningeal metastase®, the Institute of Molecular Medicine, Oxford; they
cerebellar infarcts, or other identifiable neurodegenerativeincluded, 50 sera from small-cell lung cancer patients with
toxic, metabolic or iatrogenic diseases, and (i) the cerebellaparaneoplastic cerebellar degeneration (seven sera were no
syndrome was the initial or main clinical manifestation (if longer available), and 49 randomly selected sera of the
other neurological symptoms were present, these were milil09 small-cell lung cancer patients without paraneoplastic
at presentation, or developed later). Clinical disability atcerebellar degeneration. Clinical information was concealed
presentation was estimated using the modified Rankin Scafeom investigators interpreting the results of the studies (J.D.,
(Uchuyaet al.,, 1996). B.L. and J.N.-D.).
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Immunohistochemistry phosphate buffer pH 7.4 containing 0.1% Triton X-100,

Immunohistochemical studies on sections of human cerebrdiéfore counting. All steps were performed at 4°C. The
cortex, cerebellum and non-neural tissues, using serigiPecific binding was calculated from the totéfl--CmTx
dilutions (starting at 1 : 500) of sera from patients andpPrecipitated minus the non-specific binding determined by

controls, were carried out as previously reported (Dalmawerforming the assay in the presence of excess unlabelled
et al, 1992). w-CmTx (100 nM). Each sample was examined twice for

this assay and the final titre taken as the average of both values.
To determine N-type voltage-gated calcium channel
antibodies we used?d-w-conotoxin GVIA (29-w-CgTx),
ith an assay identical to the one described above, except
hat homogenate of human frontal cortex was used as a
source of antigen. Each sample was examined once for
r'%]his assay.

Western blotting

Western blot studies included proteins from isolated cortical
neurons (10Qug/lane), Purkinje cells (10@g/lane), and HuD
purified protein (2.3pg/lane). The indicated amounts of
proteins were electrophoretically separated in a 10% sodiu
dodecyl sulphate—polyacrylamide gel and transferred to

nitrocellulose (Towbiret al., 1979). After blocking with 5% . . .

Carnation milk (Carnation Company, Calif., USA) and 109 Criteria for the. presence,Of autoantibodies ,
normal goat serum (Cappel, West Chester, Pa., USA), stripgéf@ were considered positive for HuUAb when they (i)
were sequentially incubated with the patient's serum (seriafPecifically reacted with neuronal nuclei at dilutions
dilutions, in 10% normal goat serum, startingla: 1000) 9reater than 1 : 500 (reactivity at lower dilutions, sometimes
for 12 h at room temperature, biotinylated goat anti-humarfSsociated with glial staining, was considered nonspecific),
IgG (Vector Labs, Burlingame, Calif., USA) diluted 1 : 2000 @nd (ii) identified a set of 35 to 40kDa proteins on
in 10% normal goat serum, for 1 h at room temperature/Mmunoblots of cerebral cortex neurons and Purkinje cells
and the avidin—biotin—peroxidase complex (Vector Labs) forOr reacted with immunoblots of recombinant HuD protein.
30 min at room temperature. The substrate staining walhmunoblot reactivity was visually evaluated; a serum was
developed with 0.05% diaminobenzidine tetrahydrochloridef€fined as having a low HuAb titre when reactivity could
(Sigma, St Louis, Mo., USA), 0.5% Triton X-100, and 0.01% Only be detected at dilutions'1 : 10 000; a high HuAb
hydrogen peroxide in PBS (phosphate-buffered saline). Sedreé was defined as positive reactivity at serum dilutions
from normal individuals and control small-cell lung cancer 1 : 10 000.

patients were similarly handled and used at the same dilutions. FOr the P/Q- and N-type voltage-gated calcium channel
assays, each serum was defined as positive if the titre was

>3 SDs above the mean for 20 healthy controls (20 pM for

. e . he f M for the | .
Detection and quantification of P/Q- and N-type the former and 30 pM for the latter assay)

voltage-gated calcium channel antibodies
To determine P/Q-type voltage-gated calcium channel a”“Statistics
bodies, synthetic w-conotoxin MVIIC (w-CmTx) was

. . . o Statistical analyses were performed using Statview 4.5
obtained from the Peptide Institute Inc (European Distributor y b 9

(Abacus Concepts, Berkeley, Calif., USA). Data pertaining

U i 125 25
iC'?l_m'f'C Marketm%‘, UKd)' f5| lab(ZHEd thmel £15| ‘*t* Ito patient demographics, symptom duration, and outcome
mTx) was purchased from Amersham Interna lonalere analysed using the Student'stest and the Mann-—

(Amirs”ham, tJtK.; szecltflc ?th'ty f2000 C|/r:1m_ol).”Human Whitney U test. Post hoctesting was performed using
cerebelium obtained at autopsy of a heurologica’ly norma‘:isher’s protected least-significant difference. Nominally

::‘g';ggaL vf\:cas ham;)iemze? n 25022/|MT”S_HCV5MmM characterized outcomes were compared using contingency
utier, pH 7.4, containing ©. Sucrosept table analysis including thg? test and Fisher’s exact test.

ﬁepggatln, dalg/l Ie;;p:eptmbo.l rtnM phgnz!gntethysuéphont)/!- Kaplan—Meier estimates of overall survival, and survival
uoride and 20ug/ml soybean trypsin inhibitor, and centri- following the diagnosis of cancer were compared using a

Iﬁged. Thebr(;fsultln_?hn;eo/rnt?jr_aqe pelletz We_rte tredSL;Spelniedtg?ratified Mantel-Haenszel statistic. Statistical significance
e same buffer wi % digitonin and agitated for at, o< defined a® < 0.05.

4°C. The supernatant was separated by centrifugation at
13 000 r.p.m. for 10 min. Cerebellum extract(§ contain-
ing ~5 fmol of binding sites, was labelled with3-w-CmTx
for 2 h (0.1 nM) and incubated overnight with serum Results o

(1.25-10pl diluted 1 : 10) from small-cell lung cancer Laboratory findings

patients with paraneoplastic cerebellar degeneration or codAntineuronal antibodies

trols. Excess goat anti-human IgG serum was then added fdrhe serum of 25 paraneoplastic cerebellar degeneration

1 h at 4°C to precipitate serum antibodies. Each sample was patients had high immunoblot titres of HuAb; four had low
centrifuged and the pellets washed twice with 20 mMtitres, and 28 were negative (Fig. 1). Of 109 small-cell lung
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Fig. 1 Western blot of HuD. Immunoblots of HuD reacted with serial dilutions of serum from a patient
with paraneoplastic cerebellar degeneration and a high titre of HuAb (lanes 2), serum from a patient
with paraneoplastic cerebellar degeneration and low titre of HuAb (lanes 3), and serum from a small-
cell lung cancer patient without paraneoplastic symptoms but with low titre of HuAb (lanes 5). Note the
difference of reactivity between the patient with high titre of HuAb (lanes 2) and the two patients with
low titre of HuAb (lanes 3 and 5). Lane N corresponds to serum from a normal individual; lane 1,

serum from a patient with paraneoplastic cerebellar degeneration without HuAb, and lane 4, serum from
a small-cell lung cancer patient without HuAb and no paraneoplastic symptoms. Note the absence of
HuD reactivity in these three sera (lanes N, 1 and 4).

cancer patients without paraneoplastic cerebellar degeneration presence or absence of HUAb, we established two groups
or paraneoplastic encephalomyelitis and sensory neuropathyatients; those with high titres of HuAb (HuAb positive
19 (17%) had low immunoblot titres of HuAb, and 90 were paraneoplastic cerebellar degeneration), and those without,
negative. All 45 sera from normal individuals were negative.or with low, titres of HuAb (HuAb negative paraneoplastic

All HUAb positive sera reacted immunohistochemically  cerebellar degeneration). We included four patients with
with cerebral cortical neurons and Purkinje cells, but notparaneoplastic cerebellar degeneration and low titres of HUAb
with non-neural tissue, as previously reported (Fig. 2A) in the later group because (i) the amount of HuAb was
(Grauset al, 1985). Immunoreactivities other than HuAb similar, or lower, than in 17% small-cell lung cancer patients
were identified in the serum of 14 patients with small-cell  without paraneoplastic symptoms, and (ii) previous studies
lung cancer and paraneoplastic cerebellar degeneration, ahdve shown that the HuAb, at low titre, is a marker of the
in the serum of 10 patients with small-cell lung cancer without ~ presence of a small-cell lung cancer rather than paraneoplastic
paraneoplastic symptoms; they included, immunostaining ofymptoms (Dalmaet al., 1990; Graust al., 1996).
the cytoplasm of basket cells (five patients, one with high-
titre HuAb), cytoplasm of neurons or Purkinje cells (six
patients), nuclei of glial cells (eight patients), cytoplasm ofVoltage-gated calcium channel antibodies
glial cells (one patient), and non-neuronal specific nucleafwelve of 50 paraneoplastic cerebellar degeneration patients
immunostaining (four patients). Due to the variety of tested (24%) had P/Q-type voltage-gated calcium channel
reactivities, the small number of patients with a specificantibodies; nine of these patients (18% of the 50) also had
pattern of reactivity, and the fact that similar reactivities were N-type voltage-gated calcium channel antibodies. No patient
detected in patients without paraneoplastic symptoms, thbead N-type voltage-gated calcium channel antibodies in
clinical implication of the presence of these antibodies was isolation. Among the 49 small-cell lung cancer patients
not investigated. without paraneoplastic cerebellar degeneration (control

To determine the clinical significance of classifying group), one patient (2%) had P/Q-, but no N-type voltage-
paraneoplastic cerebellar degeneration according to thgated calcium channel antibodies (Fig. 3).
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Fig. 2 Immunofluorescence reactivity of HUADAY Section of guinea pig cerebral cortex reacted with
serum from a small-cell lung cancer patient with paraneoplastic cerebellar degeneration, sensory
neuropathy, and HUAbB|) Photomicrograph of Wilkinson and Zeromski, publishedirain (Wilkinson

and Zeromski, 1965) demonstrating reactivity of the serum of a patient with lung cancer and
paraneoplastic sensory neuropathy with a section of guinea pig cerebral cortex. Note that the reactivity
is similar to that of the HUAbA) characterized by predominant immunolabelling of the neuronal nuclei
(sparing the nucleoli) and weaker reactivity with the cytoplasm of neur@baé been reproduced

with permission.)
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Fig. 3 Quantification of P/Q- and N-type voltage-gated calcium channel (VGCC) antibodies in 50
small-cell lung cancer (SCLC) patients with paraneoplastic cerebellar degeneration (PCD) and 49 small-
cell lung cancer patients without paraneoplastic cerebellar degeneration. Twelve (24%) paraneoplastic
cerebellar degeneration patients had P/Q type voltage-gated calcium channel antibodies; nine (18%) of
these patients had also N-type voltage-gated calcium channel antibodies. Only one small-cell lung
cancer patient (2%) without paraneoplastic cerebellar degeneration had P/Q-type voltage-gated calcium
channel antibodies. Sera were defined positive for P/Q type (MVIIC) voltage-gated calcium channel
antibodies if the titre was>3 SDs (20 pM) above the mean for 20 healthy controls. Sera were defined
positive for N-type (GVIA) voltage-gated calcium channel antibodies if the titre wasSD (30 pM)

above the mean for the same healthy controls.



1286 W. P. Masoret al.

Table 1 Clinical features of paraneoplastic cerebellar degeneration (PCD) in patients with small-cell lung cancer (SCLC)

HuAb*PCD (25) HUABbPCD (32) P-values
Sex (men : women) 12 :13 26:6 P <0.01
Age: median (range) 66 (47-80) 62 (49-85)
Onset of neurological symptoms (before/after SCLC) 22/3 27/5
Stage of SCLC
Limited : extensive 23:1 25:6
Unknown 1 1
Development of PCD
Acute (1-7 days) 1 6
Subacute (7 days to 1 month) 24 25
Chronic =1 month) 0 1
Neuroradiology and/or CSF at time of PCD diagnosis 25 32
CT alone 5 4
MRI alone 9 (5 PWM, AbR) 14 (2 PWM)
CT and MRI 11 (1 PWM, AbR) 14 (1 PWM, Abrf)
CSF 23 (20 Infl.; 3 normal) 22 (13 Infl.; 9 normal)
Presenting clinical features
Cerebellar: 25 32
axial ataxia 25 31
appendicular ataxia 24 27
nystagmus 16 18
dysarthria 13 19
diplopia without LEMS or other brainstem signs 4 5
Extracerebellar: 20 (80%) 12 (37.5%) P < 0.002
Higher cortical 6 (2 seizures) 3 (1 seizure)
Brainstem* 7 2+ P < 0.03
Motor weakness (other than LEMS) 4 1
Corticospinal (Babinski) 1 2
Sensory neuropathy 10 2 P < 0.002
Autonomic (other than LEMS) 5 2
LEMS 4 5 (2 with diplopia)
Severity of neurological deficit
At presentation (Rankin scale) median (range) 4 (3-5) 3 (2-5)
Later, assistance (for basic activities) 18/25 11/32 P < 0.005

LEMS = Lambert—Eaton myasthenic syndrome. HIARELCD = PCD patients with high titres of HuAb; HUABCD = PCD patients

without HuAb or with low titres of HuAb. PWM= periventricular white matter changes. Infi. inflammatory changes (increased

proteins and/or pleocytosis). Abrs= abnormal B-signal in the pons and right internal capsule in a patient with PCD, opsoclonus

and encephalopathy; ABr= abnormal T-signal in the right insula of a patient with limbic encephalopathy; Abntransient

To-abnormalities in the right temporal and semioval areas of a patient with limbic encephalopathy. *Excludes patients with LEMS or
isolated diplopiafSeven HUABPCD patients: diplopia (four patients), anosmia (one), facial weakness with signs of denervation (two),
oculomotor palsy (one), dysphagia (four), opsoclonus (two), palatal myoclonus (one), spontaneous slow vertical eye movements (one),
sensory loss in trigeminal nerve distribution (on&wo HuAbPCD patients: diplopia (two patients), head bobbing (one), horizontal
conjugate gaze palsy (one).

Clinical features that nine out of 14 HuAb positive paraneoplastic cerebellar
Age and sex degeneration (64%) were women and 12 out of 17 HuAb

There was no age difference between the HuAb positive an§€92ative parane;)plastic cerebellar degeneration (71%) were
HuAb negative paraneoplastic cerebellar degeneration groupigen € = 0.05,X* = 3.770). The 109 small-cell lung cancer
(Table 1). The HuAb positive group contained more women CONtrols were 57 men and 52 woman (i.e. 52% male).
13 out of 25 (52%), and the HuAb negative more men, 26
out of 32 (81%) P < 0.01,%2 = 6.983). ] )

Thirty-one paraneoplastic cerebellar degeneration patienfs€atures relating to the paraneoplastic cerebellar
(17 men, 14 women) were from USA and 26 (21 men, fivedegeneration
women) from Europe (Spain 15, France 10, and Germanfecause neurological symptoms preceded the cancer
one). The low prevalence of women with small-cell lung diagnosis in 49 patients (22 HuAb positive and 27 HuAb
cancer in the European patients reflects the low exposure toegative paraneoplastic cerebellar degeneration), most
tobacco smoking among women of that age (i.e. all 15 patients underwent extensive blood and CSF analysis, and
Spanish patients were men) (Ruigonezal,, 1995). When radiological evaluation of the nervous system, chest and
the patients from the USA were considered, we found abdomen either as part of the neurological diagnosis or as
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tumour staging (Table 1). All patients had neuroradiological of sensory neuropathy was significantly associated with the
studies (57 patients) and/or CSF analysis (45) withoupresence of HUAbR < 0.002,x2 = 9.619).
evidence of intracranial or leptomeningeal metastases. Typically, patients were disabled and had to make
Cerebellar atrophy was identified at onset in only one patiensubstantial lifestyle modifications. At initial neurological
who had diffuse cerebral atrophy. Signs of cerebellar atrophy  evaluation, the HuAb positive paraneoplastic cerebellar
were identified 6 months after symptom development in ninedegeneration cohort were more severely disabled than the
patients; the MRI of two patients remained normal 2 years HuAb negative with median Rankin disability scores of 4
after developing paraneoplastic cerebellar degeneration. and 3, respectively, but this difference was not significant,
Neurological complaints antedated the cancer diagnosis by = 0.10. However, 18 of 25 HuAb positive (72%) and 11
a median of 3 months (range 1-10 months for HuUAb positiveof 32 HuAb negative paraneoplastic cerebellar degeneration
paraneoplastic cerebellar degeneration; 1-26 months for  patients (34%) eventually required assistance in performing
HuAb negative paraneoplastic cerebellar degeneration). lactivities of daily living @ < 0.005,x? = 7.950).
eight patients (three with HuAb positive and five with HuAb
negative paraneoplastic cerebellar degeneration) neurological
symptoms developed after tumour diagnosis (range 1-12 .
months, median 5 months). At the time of tumour diagnosis,ﬁlc'dence_and features_ of Lqmbert—_Eaton
most patients had limited stage disease (cancer confined thyasthenic syndrome in patients with
the chest) (Table 1). paraneoplastic cerebellar degeneration
Ataxia was detected at presentation in all paraneoplastitambert—Eaton myasthenic syndrome with proximal motor
cerebellar degeneration patients. Nystagmus, usually  weakness, decreased or absent reflexes, dry mouth, or diplop
asymptomatic, was present in 64% HuAb positive and 56%two cases) was clinically identified in eight patients (four
HuAb negative paraneoplastic cerebellar degeneration HuAb positive and four HuAb negative paraneoplastic
patients. Dysarthria, sufficient to interfere with communica-cerebellar degeneration). Seven of them had Lambert—Eaton
tion, was present in 52% HuAb positive and 59% HuAb myasthenic syndrome confirmed electrophysiologically
negative patients. Diplopia was an early and frequen{>100% increase of compound muscle action potential after
symptom in both groups of patients. maximum voluntary contraction or high-frequency repetitive
Overall, 80% HuAb positive and 37.5% HuAb negative nerve stimulation), and in one repetitive nerve stimulation
paraneoplastic cerebellar degeneration patients developed  was not obtained. One additional HuAb positive patien
extracerebellar symptoms during the course of the disead®ad electrophysiological signs of Lambert—Eaton myasthenic
(P < 0.002,x2 = 10.296). Extracerebellar symptoms were syndrome, but suffered from a devastating cerebellar
often detectable within the first month of the disease (Tablessyndrome which masked Lambert—-Eaton myasthenic
1), but in some patients developed as the disease evolved. syndrome symptoms (Table 2). Among these nine patient
Symptoms and signs of brainstem or cranial nerve dysfunctiowith definite or probable Lambert-Eaton myasthenic

predominated in HuAb positive patient® < 0.03, x> = syndrome, seven had serum available for assay for voltage-
4.993). In addition, one patient with HuAb had bilateral optic gated calcium channel antibodies; all seven were positive for
neuritis of uncertain origin. P/Q-type voltage-gated calcium channel antibodies, and four

Ten (40%) HuAb positive paraneoplastic cerebellarof them also had N-type voltage-gated calcium channel
degeneration patients developed a pure sensory neuropathy. antibodies. In addition, P/Q-type voltage-gated calciun
Sensory deficits were present at the beginning ofthannel antibodies were identified in five HuAb negative
paraneoplastic cerebellar degeneration in nine patients and paraneoplastic cerebellar degeneration patients withol
developed later in one; symptoms evolved asymmetrically irclinical or electrophysiological (four patients) signs of
five and were associated with pain in 7. Eventually, the lower Lambert—Eaton myasthenic syndrome; all five patients also
extremities were involved in all 10 patients and the uppehad N-type voltage-gated calcium channel antibodies.
extremities in seven. One patient had painful dysaesthesias Overall, eight out of 57 (14%) small-cell lung cancer
in the face; none developed sensory deficits in the abdomepatients with paraneoplastic cerebellar degeneration had
or trunk. Electrophysiological studies obtained in seven symptoms that led to Lambert—Eaton myasthenic syndrome
patients showed absent sensory potentials in six (one aldmeing identified, compared with none of 49 small-cell lung
had denervation) and normal findings in one. Motor nerve  cancer patients without paraneoplastic cerebellar degeneratiol
conduction studies were normal or borderline in all patients(P < 0.01, x2 = 7.439). Regardless of the presence of
The sensory neuropathy became severe in four patients and symptoms or electrophysiological findings of Lambert—Eatol
remained mild or moderate in the other six. By contrast, onlynyasthenic syndrome, 12 of 50 (24%) paraneoplastic
two HuAb negative paraneoplastic cerebellar degeneration cerebellar degeneration patients harboured P/Q-type voltage
patients (6%) developed mild distal symmetric sensorygated calcium channel antibodies compared with one out of
neuropathy in the lower extremities (decreased vibratory 49 (2%) small-cell lung cancer patients without paraneoplastic
sensation and absent ankle jerks). Comparing these patierasrebellar degeneration (Fig. 3). Antibodies to voltage-gated
with the HuAb positive patients, the incidence and severity  calcium channel appeared to be particularly high in the HuAb
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Table 2 Lambert—Eaton myasthenic syndrome and antibodies to voltage-gated calcium channels in patients with small-cell
lung cancer and paraneoplastic cerebellar degeneration

SCLC with PCD (57) SCLC without PCD (49)
HuAb"PCD(25) HUAbPCD(32)
LEMS* 4/25 5/32 0/49
VGCC antibodies
P/Q-type (MVIIC) 2 (LEMS)/22 10 (5 LEMS)/28 1/49
N-type (GVIA) 1 (LEMS)/22 8 (3 LEMS)/28 0/49
not tested 3 (2 LEMS by EMG)/25 4/32

LEMS = Lambert—Eaton myasthenic syndrome; PEDparaneoplastic cerebellar degeneration; SGEGmall-cell lung cancer;

VGCC = voltage-gated calcium channél.< 0.01 for frequency of clinically identified LEMS, comparing SCLC patients with PCD

(eight out of 57) with SCLC patients without PCD (none of 49 patierntd)= 7.439).P < 0.001 for the presence of P/Q-type VGCC
antibodies, comparing HUABCD patients (10 out of 28) with SCLC patients without PCD (one out of 49 patiegfts} (16.5).

P < 0.0001 for the presence of N-type VGCC antibodies, comparing HRED patients (eight out of 28) with SCLC patients without

PCD (none of 49 patients)x{ = 20.1). HuAb"PCD = PCD patients with high titres of HuAb; HUABCD = PCD patients without

HuAb or with low titres of HuAb. *Eight out of nine patients had definite LEMS; seven (four HURGD and three HUAtPCD) had

clinical and electrophysiological signs of LEMS, and one HURBD had electrophysiological signs of LEMS but symptoms were

missed due to severe PCD. Another HTRED had probable LEMS based on proximal muscle weakness and absent reflexes, decreased
motor unit potentials (repetitive stimulation not obtained), positive P/Q-type VGCC antibodies, and improvement of motor weakness after
plasma exchange.

negative paraneoplastic cerebellar degeneration group, in myasthenic syndrome. No neurological response wa:
which 10 out of 28 (36%) had P/Q-type voltage-gated calciunmpbserved in nine other patients (five HuAb positive and four
channel antibodiesP( < 0.001, x? = 16.5) and eight of = HuAb negative paraneoplastic cerebellar degeneration) who
them (29%) also had N-type voltage-gated calcium channaleceived similar treatment for the tumour and plasma
antibodies P < 0.0001;x2 = 20.1) (Table 2). exchange.

Two patients with Lambert—Eaton myasthenic syndrome
responded to therapy; both received plasma exchange, and
one 3,4-diaminopyridine. No specific treatment for thegrvival and cause of death

Lambert-Eaton myasthenic syndrome was given 10 tWQyq significant differences were observed between survival
patients; one had severe paraneoplastic —cerebellgfapie 4) or Kaplan—Meier survival estimates of HuAb
degeneration and Lambert-Eaton myasthenic syndromgqitive and negative paraneoplastic cerebellar degeneration
dl_agnqsed electrophysiologically, and the othgr presentesaﬁentS (data not shown). In total, 31 paraneoplastic
with mild symptoms of Lambert-Eaton myasthenic syndrome g epejiar degeneration patients (14 HuAb positive and 17

3 months before developing severe paraneoplastic cerebellgy, A negative) received treatment for limited-stage small-
degeneration and prior to the diagnosis of small-cell lung.g)| jyng cancer; 1- and 2-year survival estimates following
cancer. Treatment, if any, and responses are unknown ifhe cancer diagnosis were 46% (confidence interval 28%-—
the other four patients with symptoms of Lambert-Eatong94) and 28% (confidence interval 10%-46%), respectively.
myasthenic syndrome. Survival estimates at 1- and 2-years for an age-, sex-
and treatment-matched cohort of 59 neurologically normal

. patients with limited-stage small-cell lung cancer were 76%
ReSponse_Of paraneoplastic cerebellar (confidence interval 65%—87%) and 31% (confidence interval
degeneration and small-cell lung cancer to 19%-43%), respectively (Fig. 4). This finding indicates that
cancer therapy or immunotherapy 1 year survival for small-cell lung cancer patients with

The responses of paraneoplastic cerebellar degeneration and paraneoplastic cerebellar degeneration (regardless of t
small-cell lung cancer to treatment are shown in Tables HuAb status) is less likely than 1 year survival for small-

and 4, respectively. Overall, four patients (one with HuAb  cell lung cancer patients without paraneoplastic cerebellar
positive and three with HuAb negative paraneoplasticdegeneration.

cerebellar degeneration) had partial neurological improve- HuAb positive paraneoplastic cerebellar degeneration
ment; all received treatment for the tumour and three hagbatients were significantly more likely than HuAb negative
plasma exchange. Two of these patients (one HuAb positive  to die of neurological difeased. 001, x> = 12.907)

and one HuAb negative paraneoplastic cerebellar degeneréiFable 4). Thirteen of 20 HuAb positive died of neurological

tion) had Lambert—Eaton myasthenic syndrome that causes, including respiratory muscle failure due to lower
responded to therapgéeabove); thus apparent improvement motor neuron dysfunction (two patients needed ventilatory
could have been due to amelioration of Lambert—Eaton support), autonomic failure (two) and progressive diffuse
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Table 3 Response of paraneoplastic cerebellar degeneration to treatment

Response HUuAbPCD patients (25) HUAPCD patients (32)*
Not treated (6) Treated (19) Not treated (3) Treated (27)
Stable 3 12 1 13
on tumour treatment 7 9
on PCD treatment 1 -
on both treatments 4 4
Partial improvemerit 0 1 0 3
on tumour treatment - 1
on PCD treatment - -
on both treatments 1 2
Deterioration 2 3 1 5
on tumour treatment 1 5
on PCD treatment 1 -
on both treatments 1 -
Not evaluablé 1 3 1 6
on tumour treatment 2 6
on PCD treatment - —
on both treatments 1 -

Treatment of the tumour only chemotherapy- chest radiotherapy; treatment of PCD onrty
corticosteroids, plasma exchange, intravenous IgG. HIR®D = PCD patients with high titres of

HuAb; HUAbPCD = PCD patients without HuAb or with low titres of HuAb. *Unknown in two
patients."Two of the four patients with partial neurological improvement had LEfGurological
response to treatment could not be evaluated in three MBI patients (one died from complications

of chemotherapy and two were lost to follow-up) and six HORGBD patients (one died from
complications of chemotherapy, one died from tumour progression before neurological response could
be evaluated, one was in complete tumour remission when PCD developed and received no further
therapy, and three were lost to follow-up).

Table 4 Response of small-cell lung cancer (SCLC) to treatment: survival and cause of death

HuAb™PCD (25) HUAbPCD (32) P-value
Treatment for SCLC
Patients treated 17 27
Chemotherapy only 8 10
Chemol/radiation therapy 9 17
Response of SCLC to treatment
Complete 4 (17) 13 (27)
Other (P/S/Pr)* 8 (6/0/2) 9 (4/1/4)
Not evaluablé 1 1
Unknown 4 4
Median survival (rangé) 13 months (1-84) 15 months (1-88)
Cause of death
Neurological 13 (20) 2 (20) P < 0.001
Tumour-related 5 16
Othef 1 1
Unknown 1 1
Stage of tumour at death
NED/limited (intrathoracic) 2/10 (20) 1/3 (20) P < 0.007
Extensive (extrathoracic) §7
Unknown 1 0

NED = No evidence of neoplastic disease; HUACD = PCD patients with high titres of HuAb;

HuAb PCD = PCD patients without HuAb or with low titres of HuAb. *P/S/Pr partial/stable/
progressivelSurvival from onset of neurological symptoms (or tumour diagnosis when neurological
symptoms developed later) until deaffthese two patients died from complications of chemotherapy.

8In two patients the only evidence of extensive disease was microscopic infiltration of mesenteric lymph

nodes.
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Fig. 4 Kaplan—Meier survival curves of 31 small-cell lung cancer patients (SCLC) with paraneoplastic
cerebellar degeneration (PCD), and an age-, sex-, tumour stage- and treatment-matched cohort of 59
small-cell lung cancer patients without paraneoplastic cerebellar degeneration. The thick line represents
small-cell lung cancer patients with paraneoplastic cerebellar degeneration and the thin line small-cell
lung cancer patients without paraneoplastic cerebellar degeneratisncetisor times for small-cell

lung cancer patients with paraneoplastic cerebellar degeneratien;censor times for small-cell lung

cancer patients without paraneoplastic cerebellar degeneration. Note that 1-year survival in small-cell
lung cancer patients with paraneoplastic cerebellar degeneration (combined group of 14 HuAb positive
and 17 HuAb negative) is less likely than 1-year survival in small-cell lung cancer patients without
paraneoplastic cerebellar degeneration.

encephalopathy with predominant brainstem dysfunction cell lung cancer dissemination at death in HuAb negative
(nine). Only two of 20 HuAb negative paraneoplastic paraneoplastic cerebellar degeneration patients was similar
cerebellar degeneration patients died as a result of progressite that in the control patients with initially limited small-cell
neurological diseases¢e pathology findings in Table 5). lung cancer. Of these 59 patients, 53 are deceased; 41 had
By contrast, five HuAb positive and 16 HuAb negative disseminated disease at death, 10 had small-cell lung cancer
paraneoplastic cerebellar degeneration patients died frogenfined to the thorax, and two had no evidence of tumour.
tumour progression. Patients with HuAb were also less likely Five HuAb positive and seven HuAb negative para-
than HuAb negative patients to have extensive small-celneoplastic cerebellar degeneration patients were alive at last
lung cancer at the time of death € 0.007 x2 = 7.501) (Table follow-up. One HuAb positive patient ha_ls no (_ewdence of
4). At death, 12 HuAb positive paraneoplastic cerebellasmall-cell lung cancer (49 months after diagnosis), two have
degeneration patients had either small-cell lung cancer limiteMited and stable disease (12 and 16 months), one has stable
to the thoracic cavity (10) or had no evident tumour (two);“Ver metastases (12 months),_ and details are _unknown for
seven had extensive disease but in two the extent of metastaf@€ Patient. Six HuAb negative paraneoplastic cerebellar
dissemination was microscopic, being confined to mesenterigegemar"’ltlon patients are currently without evidence of small-
lymph nodes examined at autopsy. The extent of tumouFe" Iung_can_cer ('f”eo!'af‘ 13 months, range 9-30 months),
infiltration was unknown at the time of death in one HUAb and one is alive with limited and stable disease (6 months).
positive patient. In the HuAb negative paraneoplastic

cerebellar degeneration subset, one patient had no evidenBathology

of tumour at death, three had limited small-cell lung cancerAll paraneoplastic cerebellar degeneration patients with a
and 16 had widely disseminated disease. The extent of smalhigh titre of HuAb had inflammatory infiltrates involving
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Table 5 Neuropathological findings in eight patients with small-cell lung cancer (SCLC) and paraneoplastic cerebellar
degeneration (PCD)

Autopsy Time between Main symptoms Tumour stage Neuropathology Antibody
number/ neurological (CSF, cells, proteins)* at autopsy group
gender symptoms (cause of death)

age (years) and death

1M 12 months PCD Limited: Inflammatory infiltrates in cerebellar cortex, surrounding Purkinje HBESD
70 Brainstem mediastinal cells, and dentate nucleus; severe patchy loss of Purkinje cells.

dysfunction lymph nodes Scattered lymphocytic perivascular and interstitial inflammatory

infiltrates in meninges, brainstem, spinal cord and dorsal root ganglia.

(abnormal,<5, 62) (neurological) Secondary degeneration of dorsal columns of spinal cord
2/IF 5 months PCD Limited: Moderate patchy Purkinje cell loss, degeneration of olivary nucleus HROGD
60 Motor neuron mediastinal with gliosis; perivascular lymphocytic infiltrates in amygdala,

syndrome lymph nodes brainstem (meduiigpons) and spinal cord. Intense gliosis and

moderate loss of neurons in the same areas. Loss of neurons and

(abnormal, 15, 1200)  (neurological) inflammatory infiltrates in anterior horn of the spinal cord
3/IF 5 months PCD SCLC in lung No Purkinje cell loss; normal appearance of Purkinje and granular cells +POBb
74 Opsoclonus, and mediastinal in hemispheric cortex, vermis and flocculus. Normal dentate. Normal

myoclonus lymph nodes. cerebellar white matter, except for scanty lymphocytic cells around a few

Encephalopathy Metastases to liver blood vessels. Perivascular lymphocytic infiltrates involving the hypo-

and pericardium glossal nerve emerging from medulla, putamen, and meninges overlying

(abnormal, 8, 71) (neurological) orbito-frontal cortex. Spinal cord and dorsal root ganglia not examined
4/F 10 months PCD SCLC in lung. Marked loss of Purkinje cells; neuronal loss in dentate and olivary nuclei; +PiQBb
61 Sensory symptoms Metastases to bone, gliosis of cerebellar white matter and molecular layer. Marked degenera-

(polyradiculo liver, adrenal gland. tion of dorsal roots and posterior columns of the spinal cord. Partial loss

-neuropathy) (respiratory problems  of myelinated fibers of VIl and VIII cranial nerves. Marked axonal and

due to local tumour demyelinating changes in brachial plexus. Small subdural metastasis in

(abnormal, 7, 46) progression) left temporal region, without leptomeningeal or intracerebral metastases
5/F 23 months PCD Solitary retroperitoneal Marked loss of Purkinje cells. Severe perivascular inflammatory +RLBb
50 Limbic adenopathy with infiltrates in cerebellum, cerebrum (frontal, parietal, temporal lobes,

encephalopathy SCLC basal ganglia), brainstem (pons), spinal cord, dorsal root ganglia and

(abnormal,<5, <45) nerve roots

(1 synthesis IgG) (Neurological)
6/M 1 month PCD SCLC. No metastasis  Extensive Purkinje cell loss mainly affecting vermis. Scant perivascular HuAb-PCD
65 Peripheral neuropathy lymphocyte cuffing involving dentate, brainstem and spinal cord. AntilCv2

Extensive inflammatory infiltrates in the leptomeninges covering
brainstem, cerebellum and spinal cord. No apparent neuronal loss in

(abnormal, 200, 200) (neurological) brainstem, spinal cord and dorsal root ganglia
7IM 5 months PCD SCLC. No metastasis. Purkinje cell loss, Bergmann gliosis. Mild neuronal loss in molecular HuAb-PCD
56 (Progressive local layer of cerebellum; no inflammation in cerebellum, cerebrum,

(normal) disease, pneumonia) brainstem and spinal cord
8/F 9 months PCD SCLC. Extensive Purkinje cell loss. Spinal cord changes: severe degeneration HuAb-PCD
65 Bilateral Babinski. No metastasis of corticospinal tracts, moderate degeneration of the medial aspect of the

anterior columns and ventrolateral aspect of the posterior columns (with
(abnormal, foamy macrophage infiltrate). No inflammatory infiltrates at any level
1100, 1600) (neurological) of the neuraxis. No neuronal loss in cerebrum, brainstem and spinal cord

*CSF, cells: number/mf proteins mg/dl."Antibody reported associated with paraneoplastic encephalitis (Anétiak, 1993; Honnoratt al., 1996). HUAb"PCD = PCD
patients with high titres of HuAb; HUACD = PCD patients without HuAb, or with low titres of HuAb.

multiple areas of the nervous system (Table 5); perivascular  fied in only a few vessels of the cerebellar white matter;
lymphocytic cuffing was always present in those areas, irthere was no apparent Purkinje cell loss, and the cerebellar
association with variable interstitial inflammatory infiltrates  cortex and nuclei appeared normal.

and gliosis (Fig. 5). Four of the five HuAb positive patients In two HuAb negative paraneoplastic cerebellar degenera-
had moderate to severe loss of Purkinje cells (Fig. 5A  tion patients, the pathological findings were largely restricted
and B) associated with inflammatory infiltrates in the deepto the cerebellum where Purkinje cell loss was prominent in
cerebellar nuclei, particularly dentate (Fig. 5C); infiltrates of both cases (Fig. 5D), and associated with gliosis in one; no
T cells adjacent to the Purkinje cell layer were identified ininflammatory infiltrates were identified in the cerebellum,

one of these patients (Fig. 5A). In another HuAb positive brainstem or brain. The spinal cord, examined in one of
patient (Table 5, autopsy 3), perivascular cuffing was identithese two patients, showed degeneration of the spinal tracts
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(predominantly corticospinal) without inflammatory infilt- paraneoplastic limbic encephalitis (Alamoetiteh 1997).
rates or loss of neurons; the patient did not have anyrevious American series suggested that paraneoplastic
corresponding clinical signs. neurological symptoms associated with HuAb affect women
A third HuAb negative paraneoplastic cerebellar degeneramore than men (Dalmaet al., 199d), but the high prevalence
tion patient had extensive Purkinje cell loss associated withf men with HuAb negative paraneoplastic cerebellar
perivascular inflammatory infiltrates in several areas of thalegeneration has not been reported.
neuraxis. The serum of this patient contained antibodies, Extracerebellar symptoms with paraneoplastic cerebellar
called CV2, which specifically react with the nervous systemdegeneration were noted by Greenfield (1934) and Brain
and have been reported to be associated with paraneoplasgi¢ al. (1951), and emphasized by Brain and Wilkinson
encephalitis (data not shown) (Antoieeal,, 1993; Honnorat  (1965), who found that 21% of their paraneoplastic cerebellar
et al, 1996). None of the other seven patients with postdegeneration patients had early sensory symptoms (usually
mortem studies harboured this antibody in their serum. with pain) and other abnormalities, including dementia,
muscular weakness, dysphagia, nystagmus and abnormal
) . reflexes. These investigators recognized that diplopia without
Discussion evidence of ocular paralysis, was a frequent symptom of
In patients with small-cell lung cancer, paraneoplasticyaraneoplastic cerebellar degeneration. Beiral. (1951),
cerebellar degeneration occurs with or without HUAb. Thej, giscussing diplopia stated that ‘Its occurrence in cortical
presence or absence of these antibodies has clinical aRgepellar degeneration is not so unusual as textbook
prognostic implications and characteristic pathologicaldescriptionS of the disease would suggest’ and they added
correlations. However, regardless of the HuAb status, 3hat. in most cases, it * . appears to have been due to lack
least 16% of patients develop Lambert-Eaton myasthenigs pajance rather than to paralysis of eye muscles.’ In some
syndrome, and 36% of those without HUAb harbour P/Q- 0o o patients with signs of brainstem encephalopathy, we

N-type voltage-gated calcium channel antibodies. attributed the diplopia to brainstem dysfunction; in others,
Wilkinson and Zeromski (1965) first reported antmeuronalthe diplopia was clearly attributable to Lambert—Eaton

antibodies in patients with pargneopla}stic neumlogicahqyasthenic syndrome (O'Neibit al, 1988), but there were
syndromesc.j The serum of fourtrﬁ)atlentf \.N'tz sm?lllj—cs!l Iur:rg]] atients with isolated and persistent diplopia, the cause of
cancer and sensory heuropatiy comained antibodies ich was either paraneoplastic cerebellar degeneration or

appeared to react with neuronal cytoplasmic antigens. The&fncertain. Diplopia is also a common finding in patients with

suggested that ‘it would be of interest to investigate sera .. . . :
. . . . anti-Yo associated paraneoplastic cerebellar degeneration and
from patients with encephalomyelitic form of carcinomatous

. : . .~ovarian or breast cancer, where pathological changes in
neuropathy for the presence of circulating anti-brain_ . .
Lo . Y . brainstem and Lambert—Eaton myasthenic syndrome are rare
antibodies, particularly as lymphocytic infiltration is a

(Hammacket al., 1990; Petersoet al., 1992).

prominent feature in these patients’ (Wilkinson and Zeromski, . ; . .
1965). They were correct (Gragsal., 1987; Andersoet al. CT and MRI imaging are important complementary studies
! ' *_to rule out other neurological complications of cancer, but

1988; Dalmauet al, 1992d). Careful inspection of the h | e th v st f
photomicrograph of the antibody reactivity identified by €y are normal or non-specitic in ne early stages o

Wilkinson and Zeromski (1965) suggests that it was HuAbParaneoplastic cerebellar degeneration (Petegsai, 1992;
(Fig. 2). HUAb reacts with 35-40 kDa antigens expressed ifPosner, 1995). Cer_ebellar atrophy, if presentZ oceurs mont.hs
neurons of the central and peripheral nervous system and f{t€" the neurological symptoms have stabilized. Even in
small-cell lung cancer (Grauet al, 1986; Dalmauet al. patients with HuAb and encephalomyelitis, the MRI is usually

1990, 1992). A high titre of HuAb is usually associated Normal (Daimauet al, 1992). Exceptions may occur if
with small-cell lung cancer and paraneoplasticthere is limbic encephalopaﬁthy, in which case, abnormal
encephalomyelitis or sensory neuropathy, but 13% of thesgontrast enhancement op-Weighted abnormalities may be
patients have pure or predominant cerebellar findings afound in the medial aspect of the temporal lobes (Biral,
presentation (Dalmaat al., 199). 1990; Lacomiset al, 1990; Dalmauet al., 199d), such as
Almost one-half (44%) of patients with small-cell lung occurred in two of our patients.
cancer and paraneoplastic cerebellar degeneration harbourSimilarly, although inflammatory changes (pleocytosis or
high titres of HuAb. This antibody when present in high increased proteins) were identified in 87% HuAb positive and
concentration defines a subset of patients different from th89% HUAb negative paraneoplastic cerebellar degeneration
seronegative cohort; HuAb positive patients are more likelypatients, these abnormalities did not permit differentiation
to be women, have multifocal neurological disease (withbetween groups. As previously reported, CSF studies in
brainstem encephalopathy and sensory neuropathy especiafipraneoplastic disorders are used mainly to rule out lepto-
common), and be severely disabled. A similar associatiormeningeal metastases and not to demonstrate antineuronal
between the presence of high-titre HuAb and developmenantibodies which, if present, are always detectable in serum
of multifocal neurological disease has been found in small{Grauset al, 1988, 1994; Furneaugt al, 1990; Dalmau
cell lung cancer patients with symptom presentation ofet al, 1992) (data not shown). CSF pleocytosis, although
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not specific, should increase the clinical suspicion of a  disease, and survive longer than patients without HuAb
paraneoplastic disorder (Dalmau and Posner, 1996). (Grauset al., 1996).

In most of our patients cerebellar symptoms stabilized Despite limited stage and less aggressive tumour behavior
spontaneously, leaving the patient substantially incapacitateéh the HuAb positive group, these patients had significantly
Although minor fluctuations in clinical symptoms were  shorter life expectancies than small-cell lung cancer patients
observed in a few patients, spontaneous remission is notaithout paraneoplastic cerebellar degeneration, and death
feature of this syndrome. Attempts to alleviate the severity usually occurred as a consequence of the neurological disease
of the cerebellar disorder, or halt its progression with a varietyBy contrast, patients with paraneoplastic cerebellar degenera-
ofimmunomodulating interventions including corticosteroids,  tion, but without HuAb, were likely to die from the tumour.
plasma exchange, and intravenous gammaglobulin wer¥et, for these patients also, survival was significantly shorter
unsuccessful. Furthermore, efforts directed at controlling the  than that of neurologically intact small-cell lung cancer
underlying carcinoma, although often successful, had neontrols, and not substantively different from that of HuUAb
significant impact on the course or severity of the paraneo- positive patients. None of the paraneoplastic cerebellar
plastic cerebellar degeneration. degeneration patients without HuAb required ventilation or

Among the 37 patients who had evaluable treatment  developed severe dysphagia and autonomic dysfunction,
responses, only four had mild improvement of the cerebellabut compared with patients without neurological symptoms,
syndrome. Yet, two of these four patients had Lambert—  paraneoplastic cerebellar degeneration patients had a lowe
Eaton myasthenic syndrome that dramatically responded tperformance status, which is known to be a poor prognostic
treatment, as has been documented in other Lambert—Eaton factor in small-cell lung cancer (SpiegelinatR89;
myasthenic syndrome cases (Chatlal., 1990). This differ- Lassenet al., 1995; Rosenfel@t al., 1997).
ential response to treatment of paraneoplastic syndromes of Two of the three patients (cases 1 and 2) described il
the CNS and Lambert—Eaton myasthenic syndrome has be@etail by Brain and Wilkinson (1965) in their series of 19
previously reported (Blumenfeldt al, 1991; Fueycet al., patients with ‘subacute cerebellar degeneration associated
1993; Goldsteinet al, 1994). The poor response of para- with neoplasms’ may have had Lambert—Eaton myasthenic
neoplastic cerebellar degeneration to therapy is consistent syndrome. Both patients, in addition to cerebellar ataxia, ha
with our impression, and that of others (Henson and Urichmild cranial nerve dysfunction (diplopia, ptosis and facial
1982; Dalmauet al, 1992; Grauset al, 1992; Uchuya  weakness), proximal weakness of the lower limbs and
et al, 1996), that paraneoplastic disorders of the CNSdecreased or absent reflexes. The resemblance of case 1 to a
particularly when associated with small-cell lung cancer or ~ myasthenic syndrome is supported by the treatment that these
HuAb, rarely respond to treatment. However, individual caseauthors used, including Neostigmine and Mestinon (with
reports describe responses to various treatments of most  partial response to the first and unknown response to th
paraneoplastic syndromes of the CNS (Satoyeshl., 1973; latter); case 2 developed sluggish pupillary responses to light,
Paone and Jeyasingham, 1980; Brennan and Craddock, 1983; and ‘under anaesthetic he was extremely sensitive to mus
Cocconiet al., 1985; Burtoret al., 1988; Batsoret al., 1992; relaxants’. Considering the limitations of our diagnostic
Counsellet al., 1994; Antoineet al., 1995; Cheet al., 1995; interpretation, these two patients represented 20% of those
Starket al, 1995). In these reports, the underlying tumourswith lung cancer in the series of Brain and Wilkinson, similar
are rarely small-cell lung cancer, and the paraneoplastic  to the frequency of Lambert—-Eaton myasthenic syndrome
disorders are usually limbic encephalopathy and opsoclonusssociated with paraneoplastic cerebellar degeneration in our
which may improve spontaneously even when the tumour is  cohort of patients.
small-cell lung cancer (Alamowitcht al., 1997). Cloustonet al. (1992) reported on nine patients with a

Our patients usually had tumours confined to the thorax  pancerebellar syndrome, six of whom had Lambert—Eaton
at diagnosis. This may represent an anticipation phenomenomyasthenic syndrome and one of whom had increased
where the development of the neurological disorder, par-  voltage-gated calcium channel antibodies without Lambert—
ticularly in association with antineuronal antibodies, promptsEaton myasthenic syndrome. In two patients, Lambert—Eaton
an investigation for an occult malignancy. Although complete myasthenic syndrome was discovered only by neurophysio-
tumour responses were more frequently observed in thigical testing. These authors identified 23 previously
HuAb negative patients, the tumours of the HuAb positive reported patients with Lambert—Eaton myasthenic syndrome
patients remained limited during the course of the diseasand paraneoplastic cerebellar degeneration, most of them
more often than those without HuAb. A larger number of  with lung cancer. They concluded that the frequency of
paraneoplastic cerebellar degeneration patients is needed dssociation of paraneoplastic cerebellar degeneration and
demonstrate if this less aggressive tumour behavior results ~ Lambert—Eaton myasthenic syndrome was higher thar
from an anti-tumour effect of the HuAb immune response.expected by chance and that the presence of voltage-gated
A similar clinical impression has been obtained from studies calcium channel antibodies was not always confined to
of small-cell lung cancer patients without paraneoplastidlambert—Eaton myasthenic syndrome (Cloustbal., 1992).
symptoms but with low titre of HUAb (Dalmaet al., 1990); Since then, a new immunoprecipitation assay has been
these patients are more likely to be female, have limitedeported by Motomurat al. (1995) for detecting antibodies to
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voltage-gated calcium channel in Lambert—Eaton myasthenic important because the motor weakness increases the defici
syndrome using'?3-w-CmTx, which binds to P/Q-type of paraneoplastic cerebellar degeneration or paraneoplastic
voltage-gated calcium channel. These antibodies were found encephalomyelitis, and because Lambert—Eaton myasthen
in 85% of 66 serum samples from Lambert—Eaton myasthenisyndrome responds to therapy (Newsom-Davis and Murray,
syndrome patients and were absent in 10 healthy and 40 1984; €hak, 1990; Blumenfeldet al, 1991; Bain
disease control patients. Although there is agreement that al., 1996).
most Lambert—Eaton myasthenic syndrome patients harbour The neuropathological findings of five paraneoplastic
P/Q-type voltage-gated calcium channel antibodies, anotharerebellar degeneration patients with a high titre of HuAb
study (Lennoret al., 1995) identified similar antibodies ina  are consistent with the protean clinical manifestations of the
mixed assortment of patients with different types of cancedisorder; i.e. multifocal inflammatory infiltrates in cerebel-
either without or with paraneoplastic symptoms or antineur- lum, brainstem, and dorsal nerve root and ganglia, along with
onal antibodies. However, the clinical characterization ofvariable gliosis, loss of neurons and secondary degeneration of
these neurological syndromes, the association with specific the posterior columns of the spinal cord. The extensive los:
types of tumours and the co-existence of Lambert—Eatof Purkinje cells in four of these patients explained the
myasthenic syndrome were not reported. cerebellar findings; however, one patient with brainstem
In patients with small-cell lung cancer, Lambert—Eatonencephalitis (autopsy 3) characterized by opsoclonus and
myasthenic syndrome appears to segregate with paraneo-  cerebellar signs had no significant loss of Purkinje cells. Th
plastic cerebellar degeneration, and is usually detectablpathological findings of the HuAb positive patients are
when symptoms of paraneoplastic cerebellar degeneration characteristic of ‘encephalomyelitis associated with cancer
emerge. In support of the earlier studies (Satoyathal.,  (Hensonet al, 1965) rather than a pure cortical cerebellar
1973; Cloustoret al., 1992; Goldsteirt al., 1994) suggesting degeneration (Henson and Urich, 1982).
an association between paraneoplastic cerebellar degenerationThe case 2 of Greenfield (1934) and cases 3 and 4 of
and Lambert-Eaton myasthenic syndrome, 16% of our  Brbal (1951) are probably the first reported lung cancer
patients had Lambert—Eaton myasthenic syndrome. Furthepatients with paraneoplastic cerebellar degeneration as a
more, the fact that 24% of small-cell lung cancer patients fragment of encephalomyelitis; these patients developed
with paraneoplastic cerebellar degeneration had P/Q-typsensory symptoms associated with paraneoplastic cerebellar
voltage-gated calcium channel antibodies, and that most  degeneration, and pathological findings of encephalomyelitis,
patients did not have routine electrophysiological testingcerebellar degeneration, dorsal root ganglionitis or degenera-
suggest that the real prevalence of Lambert—Eaton myasthenic ~ tion of posterior columns of the spinal cordt Brain
syndrome is under-represented. The prevalence of P/Q- an{d951), in discussing the sensory deficits and pain of their
N-type voltage-gated calcium channel antibodies is so high patient 4 stated that ‘this symptom, as well as the degeneratiol
in HuAb negative paraneoplastic cerebellar degeneratioof the dorsal columns when it occurs, links these cases with
patients (36% and 29%, respectively) as to suggest that  those of polyneuritis associated with carcinoma described by
these antibodies may have a role in the pathogenesis d@enny-Brown’ (Denny-Brown, 1948).
the cerebellar dysfunction. This possibility is supported by In contrast to the encephalomyelitis of the HuAb positive
the recent discovery that dysfunction of a brain-specific P/Qpatients, no inflammatory infiltrates were identified in the
type voltage-gated calcium channel secondary to mutations  cerebrum, brainstem, cerebellum and spinal cord of two
in the al-subunit, results in ataxia (Ophaddt al.,, 1996). paraneoplastic cerebellar degeneration patients without
With the exception of the series of Brain and Wilkinson HuAb (autopsies 7 and 8). The absence of inflammatory
(1965), the lack of other studies focusing on small-cellinfiltrates in these patients may have three explanations. (i)
lung cancer and paraneoplastic cerebellar degeneration may It could represent a burnt-out stage of the same inflammato
explain that the frequent association with Lambert—-Eatormechanism that affects patients with HuAb. This possi-
myasthenic syndrome, although suspected, has not been bility seems unlikely because the interval from neurologica
defined until now. It is possible that this association is notsymptoms to death was similar to that found in patients with
restricted to paraneoplastic cerebellar degeneration, and that ~ HuAb. (ii) It could represent a different and non-inflammatory
small-cell lung cancer patients with paraneoplastic encephal@athogenesis, similar to that reported in some patients with
myelitis and sensory neuropathy also have an increased Hodgkin’s lymphoma, and cancer of the ovary and breas
incidence of Lambert—-Eaton myasthenic syndrome. OfterfPetersoret al., 1992; Sindicet al., 1993; Verschuureat al.,
patients with paraneoplastic encephalomyelitis and sensory  1996), or (iii) it could represent a short-lasting inflammatory
neuropathy who present with extracerebellar symptoms haveisorder more limited and less maintained than that associated
early and severe sensory deficits, brainstem encephalopathy, with HuAb. We favour this last possibility, because the CSF
autonomic dysfunction or lower motor neuron deficits of one of these patients had inflammatory changes in the
(Dalmauet al., 1992d), that make the detection of Lambert—  early stages of the disease, and because a third patient without
Eaton myasthenic syndrome more difficult than in those whdduAb (autopsy 6), who died within 1 month of the course
present with paraneoplastic cerebellar degeneration alone.  of the disease, had inflammatory infiltrates in the neuraxi
Identification of Lambert—-Eaton myasthenic syndrome is(milder and more limited than those affecting HuAb positive
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SCLC and PCD
rd N

Serological marker HuAb*PCD (44%) HuAb™PCD (56%)*
Women (52%) Men (81%)
(Henson and Urich form of PCD) (Inflammatory form) (Degenerative form)
Pathology: site PEM+PCD+DRG PCD
(inflammatory infiltrates) (severe, multifocal) (mild or absent)
Extracerebellar Severe & multifocal (80%) Mild or unifocal (37%)
symptoms Sensory neuronopathy Sensorimotor neuropathy
Brainstem dysfunction Other
Lower motor neuron
Other «\16% 16% /,
LEMS
Rensponse to tumour therapy
or immune suppression No Yes '10
Main cause of death Neurological SCLC

Fig. 6 Paraneoplastic cerebellar degeneration in patients with small-cell lung cancer. Correlations
between the Henson and Urich’s (pathological) classification of paraneoplastic cerebellar degeneration
(PCD) and the HuAb serological classification of paraneoplastic cerebellar degeneration in small-cell
lung cancer (SCLC) patients. HUAPCD = paraneoplastic cerebellar degeneration and high titres of
HuAb; HUAbPCD = paraneoplastic cerebellar degeneration without HuAb or with low titres of HuAb;
PEM = paraneoplastic encephalomyelitis; DR&dorsal root ganglion. *May represent several
disorders;™ probably under-represented.

patients) and extensive inflammatory infiltrates in the encephalomyelitis and degeneration of Purkinje cells develop
meninges and CSF. A similar dissociation between theoy different and independent mechanisms.
presence of pleocytosis and mild or absent inflammatory Although there appears to be a strong correlation betweer
infiltrates in the neuraxis was noted by Brahal (1951), our serological classification of paraneoplastic cerebellar
referring to a patient reported by Munch-Petersen in 1947, degeneration and the morphological classification of Vick
and by Julieret al. (1972). et al. (1969) and Henson and Urich (1982), this correlation

Our findings support the concepts and classification of is not perfect. Our study suggests that the pathological
cortical cerebellar degeneration proposed by Henson ansubstrate of paraneoplastic cerebellar degeneration associated
Urich (1982). In a review of 44 pathologically reported  with HuAb corresponds to the ‘encephalomyelitic form’ of
cases of paraneoplastic cerebellar degeneration, thegaraneoplastic cerebellar degeneration, and adds serological
authors differentiated between those with absent or mild evidence that this entity is different from paraneoplastic
inflammation of the neuraxis (27 patients; 33% lung cancerterebellar degeneration without HuAb. This second group,
and those with prominent inflammation (17 patients; 47% probably comprise several types of cerebellar degeneration,
lung cancer). To explain these pathological differences thegome without inflammatory mechanisms (‘degenerative form
outlined three possibilities: (i) the two groups are  of Henson and Urich’), and some with inflammation only
morphologically and pathogenetically separate entitiesgetectable in the early stages of the disease. A possible
(i) the second group represents the coexistence of two  example of this latter group is case 1 of Brain and Wilkinson
seemingly independent processes, one degenerative, the otl{#865), considered by Henson and Urich (1982) to be a
inflammatory or (iii) both groups are variants of a single  ‘degenerative’ form of paraneoplastic cerebellar degeneration,
entity with active inflammation in some cases, burnt out inbut whose autopsy showed perivascular cuffing only in some
others. Henson and Urich (1982) considered that the evidence  vessels of the left amygdaloid nucleus. Another example i
was insufficient to support any of their three views and,our autopsy 6. This patient not only differed pathologically
therefore, preferred ‘to keep an open mind and adhere to but also serologically from the other two HuAb negative
strictly morphological classification’ (Henson and Urich, patients with post-mortem studies, since his serum harboured
1982). However, the occurrence in some patients of Purkinje  an antibody (CV2) reported in some cases of paraneoplasti
cell degeneration independently of encephalomyelitis, or thencephalitis (Antoinet al., 1993; Honnoratt al., 1996).
reverse situation, led Viclet al. (1969) to suggest that Our views of paraneoplastic cerebellar degeneration in
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patients with small-cell lung cancer, supported by this and Schold, Dallas, Tex.; Hiroshi Mitsumoto, Cleveland, OH;
previous studies (Cloustat al., 1992; Dalmawet al., 1992), Rajeev Motiwala, Hackensack, NJ; Patrick Wen, Boston,
are shown in Fig. 6, and are summarized as follows. (i) The Mass.; Hans-Peter HartumguWyyGermany); Gianpaolo
subacute development of a cerebellar syndrome of unknowR. Pizzolato, Geneva (Switzerland); Julio Pascual, Santander;
cause in adult patients, should raise the suspicion of a  Maria Vitse Cadiz; Carlos Leno, Santander; Antonio
paraneoplastic disorder, and the serum should be examindézhvalos, Girona; Adria Arboix, Barcelona; Xavier

for paraneoplastic antibodies; if CSF pleocytosis is present MomtalBarcelona; JdséAntonio Villanueva, Madrid;

the suspicion is even greater. (ii) In patients without knownJaime Gallego, Pamplona (Spain). This study was supported
cancer, the detection of HuAb should prompt a search for  in part by grants: NS 26064 (J.B.P. and J.D.); CDA 94-18
small-cell lung cancer. However, the absence of this antibodyJ.D.); FIS 95:0233 and Catalan Society of Neurology,
does not exclude the possibility that the patient may have  Fuhda@eh (F.G.); The MRC Programme Grant (J.N.D.

this type of tumour, since 56% of small-cell lung cancer withand B.L.) and the Sir Jules Thorn Charitable Trust (B.L.);
paraneoplastic cerebellar degeneration do not develop HuAb. INSERM U 433 (J.C.A. and J.H.); INSERM U 134 (J.-Y.D.).
(i) The detection of high-titre HuAbX 1 : 10 000) indicates F.V. was a recipient of a post-residency grant from the
that paraneoplastic cerebellar degeneration is a clinical HospitailcCli

manifestation of paraneoplastic encephalomyelitis associated

(but not always) with cerebellar degeneration, and that the

patient will probably develop other neurological symptoms,References
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