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Neurological signs in relation to cancer in patients
with asbestosis

Juhani Juntunen, Panu Oksa, Eero Pukkala, Pekka Laippala

Abstract
Objective-To chart the subtle neuro-
logical abnormalities in patients with
asbestosis relative to possible develop-
ment of cancer.
Methods-In 1979-81 a standardised
neurological examination was made of 115
patients with asbestosis who carried a
high risk of occupational cancer and their
cancer morbidity was analysed 15 years
later.
Results-Slight disturbances of unknown
aetiology were found in the central nerv-
ous system (CNS) of 33 and in the periph-
eral nervous system (PNS) of 41 patients.
Of these 17 had disturbances of both the
CNS and PNS. This cohort was followed
up to the end of 1994. During this time 47
of the patients developed cancer. Statisti-
cal analyses showed that disturbances of
the CNS such as psycho-organic syn-
drome, cerebellar dysfunction, and motor
disturbances of unknown origin were
significantly associated with cancer,
whereas no such association was found for
peripheral neuropathy. Interaction be-
tween the radiological progression of
asbestosis and disturbances of the CNS
was an even stronger predictor of cancer.
Conclusions-It seems that slight distur-
bances ofthe CNS are predictors ofdevel-
opment of cancer. Whether or not these
disturbances are manifestations of in-
volvement of a paraneoplastic nervous
system or some factor associated with
progression of asbestosis remains open.

(Occup Environ Med 1997;54:746-749)
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Cancer has the unique property of simultane-
ous occurrence of seemingly independent
disturbances in function of the nervous system
(paraneoplastic nervous system involvement).`'
The best known paraneoplastic neurological
disease is peripheral neuropathy, which is usu-
ally a sensorimotor polyneuropathy sometimes
resembling radiculopathy.4 Other disturbances
of the nervous system have been reported to be
associated with cancer, such as encephalopathy
and myelopathy. Paraneoplastic neurological
signs have been reported to precede the mani-
festation of cancer by months or years. The
neurological symptoms may improve after the
radical treatment of cancer.' 6

Current knowledge on paraneoplastic phe-
nomena is largely based on case reports and
reports on patients with already diagnosed
cancer. Long term prospective studies on this
topic are lacking, and the value of paraneoplas-
tic disturbance of the nervous system as a pre-
dictor or early sign of cancer is unclear. The
present prospective clinical study was initially
designed to elucidate this problem in a cohort
of patients with asbestosis, a group with a high
risk of cancer.7 The correlations of the
neurological findings in these patients with
some tumour markers, immunological vari-
ables, progression of asbestosis, and lung func-
tion were reported at the cross sectional stage
of this study.Y"

Subjects and methods
Our study comprised a cohort of randomly
selected patients with asbestosis consisting of
typical Finnish patients with diagnosed pneu-
moconiosis and followed up regularly at the
Department of Occupational Medicine in the
Finnish Institute of Occupational Health, Hel-
sinki, Finland. They were insulators, workers in
asbestos cement product factories, workers in
an asbestos quarry, and asbestos sprayers. As
well as routine tests and examinations for
pneumoconioses they were given a thorough
standardized neurological examination by one
of us (JI) between November 1979 and March
1981.
The cohort comprised 105 men and 10

women. Their mean age at the time of the
neurological examination was 56 (range 32-
76) years. They had been exposed to asbestos
for an average of 21 (range 3-47) years. The
mean time between the diagnosis of asbestosis
and the neurological examination was eight
(range 1-34) years. Seventy four of the 115
patients were also followed up radiographically.
Two or three posteroanterior radiographs were
taken in 1978-9, 1983-4, and 1986-7 and
were independently classified according to the
International Labour Office (ILO) 1980
classification" by three readers. Progression
was estimated side by side. If the classification
differed, a joint decision was made. For 30
(40%) of the 74 patients the profusion of the
small opacities had progressed during the
follow up time (referred to as "progression" in
this report).

NEUROLOGICAL EXAMINATION
The standardized neurological protocol ap-
plied in this study was developed at the Finnish
Institute of Occupational Health primarily for
epidemiological studies in occupational
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neurology.'2 This neurological examination
focused particularly on the subtle clinical signs
of slight dysfunction of both the central
nervous system(CNS) and peripheral nervous
system (PNS). Difficulties in memory and
recall, disturbances in drive and impulses, and
general symptoms of organic brain damage
were assessed. The examination of the PNS
included tests for motor, sensory, and auto-
nomic nerves. Muscular weakness and its
distribution, muscle bulk, and muscle tone
were examined. Muscle tendon reflexes were
examined in a standardised manner. Symp-
toms of sensory disturbances were recorded by
the sense of passive joint movement, by pinch
press discrimination, by two point discrimina-
tion, and by the senses of direction, vibration,
pain, touch, and temperature. Cranial nerves
were tested in the usual way.
Autonomic symptoms such as postural

vertigo, bladder dysfunction, gastrointestinal
dysfunction, cardiac arrhythmias, sweating dis-
turbances, and male impotence were asked
about in detail. The examination of cerebellar
dysfunction included tests which clearly indi-
cated primary cerebellar damage (disturbances
in coordination, muscle hypotonia, dysdiado-
chokinesis, cerebellar nystagmus, and cerebel-
lar dysarthria). Disturbances in gait and station
were examined by the routine Romberg's test,
and also a modified version of it, and by finding
the patients walking on heels, toes, and in tan-
dem with the eyes either closed or open. The
abnormal findings were graded according to
their severity. All possible known aetiological
factors for such findings were considered and
registered. They included diabetes, heavy
drinking, head trauma, cerebrovascular dis-
eases, major psychiatric or neurological dis-
eases, and medication.

Altogether 38 patients had disturbances of
the CNS; 33 of these patients had disturbances
of the CNS with an unknown aetiology (CNS-
NUD). Peripheral neuropathy was found in 44
patients, 41 having peripheral neuropathy with
an unknown aetiology (PNS-NUD). Seven-
teen of these patients had both CNS-NUD and
PNS-NUD. In the statistical analysis CNS-
NUD and PNS-NUD were considered sepa-
rately. Altogether 58 patients had no signs of
unknown disturbances of the nervous system
(table 1).

REGISTERS AND STATISTICAL METHODS
The identification of people and the follow up
of death and emigration for the years 1967-94
was done with the aid of the Population Regis-
ter Centre with the unique identification
number given to everyone residing in Finland
since 1 January 1967 as the key.

Table 1 Neurological abnormalities ofunknown aetiology at the beginning of the follow up
ofpatients with asbestosis, and their cancer status at the end offollow up

Number (0%) of neurological abnormalities of unknown origin

Cancer Peripheral Central Both None

Lung cancer (n=34) 5 (15) 8 (24) 8 (24) 13 (28)
Other cancer (n=13) 2 (15) 3 (23) 3 (23) 5 (38)
No cancer (n=68) 17 (25) 5 (7) 6 (9) 40 (59)
Total (n=115) 24 (21) 16 (14) 17 (15) 58 (50)

The follow up for cancer was done automati-
cally through the files of the Finnish Cancer
Registry. It started on 1 January of the year
after the year of the neurological examination.
The follow up ended at the end of 1994 or
when the first cancer (any other than non-
melanoma skin cancer) was diagnosed or when
the patient died. The mean follow up time was
10 (range 0-15) years. The total number of
person-years was 11 12.

Cox's model was used in the statistical
analysis. The basic analysis was carried out
with main effects only, but we also made a
more detailed analysis to study possible
interactions. The results were then interpreted
with cross tabulations. The statistical analyses
were carried out with BMDP statistical soft-
ware (version 1993) on a VAX/VMS main-
frame. The predictors used were age, sex,
occupation, exposure time, smoking, ILO class
at the beginning of the follow up, progression
of small opacities during the follow up, and
abnormalities of the CNS and PNS of
unknown aetiology (PNS-NUD and CNS-
NUD).

Results
During the total (15 years) follow up time 47 of
1 5 patients (41 %) developed cancer, ofwhich
34 had lung cancer. Other cancers were three
mesotheliomas, two pancreatic and thyroid
cancers and one oesophageal, colon, bile duct,
renal, and brain cancer and one lymphosar-
coma. Of the patients with asbestosis with can-
cer 29 had CNS-NUD or PNS-NUD (table 1).
The disturbances of the CNS were mainly

slight psychoorganic syndromes, disturbances
in gait and station, disturbances in cerebellar
functions, and slight pyramidal and extrapy-
ramidal disturbances. Many patients had sev-
eral disturbances simultaneously. The distur-
bance in the PNS was predominantly slight
sensorimotor polyneuropathy, mainly in the
feet. Lung and other cancers did not differ
from each other for neurological findings. The
mean age of the patients with cancer was 55.4
(32-75 range) years, and that of the patients
without cancer was 56.2 (34-76 range) years.
There was no difference in the prevalences of
PNS-NUD and CNS-NUD between the
patients with cancer in the early stage of the
follow up and those who developed it later. The
figure shows the cumulative incidence of
cancer during the follow up for the different
groups of disturbances of the nervous system.
The highest incidence was found for the
patients with CNS-NUD, of whom 68% had
cancer at the end of the follow up.
We fitted the Cox model in three different

ways with the censoring limit set equal to 5, 10,
or 15 years. The five year results are not given
due to the few cancer patients (three cases).

TEN YEAR FOLLOW UP

For all cancer types the significant predictors of
the model were radiographic progression of
asbestosis (P=0.0206) and CNS-NUD
(P=0.0036), which were positively correlated
with the occurrence of cancer. Forty one per
cent of the patients with progression and 10%
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of those without progression had cancer. Forty
nine per cent of those with CNS-NUD and
25% of those without CNS-NUD developed
cancer.
We then fitted the model for interaction

between progression and CNS-NUD, which
was then a significant predictor (P=0.0002).
When neither of these factors were present, 6%
of the patients developed cancer; when only
one was present 32% developed cancer; and,
when both were present 67% developed cancer

(table 2). In the interaction model occupation
had a tendency to be a significant predictor
(P=0.0924). Thirty six per cent of the asbestos
insulators and asbestos sprayers, 17% of the
asbestos quarry workers, and 9% of the asbes-
tos factory workers had cancer.

When only cases with lung cancer were

studied, the results were analogous, the only

Table 2 10 Years offollow up of cancer patients:
interaction pattern between progression ofsmall opacities in
the radiographs and central nervous system abnormalities
with unknown aetiology (CNS-NUD)

Progression/CNS-NUD (n (%o))

Cancer None Only one Both

No cancer (n=56) 32 (94) 21 (68) 3 (33)
Cancer (n=18) 2 (6) 10 (32) 6 (67)
Total 34 (100) 31 (100) 9 (100)

Table 3 Fifteen years offollow up for cancers and lung
cancer: interaction pattern between progression ofsmall
opacities in the radiographs and central nervous system
abnormalities with unknown aetiology (CNS-NUD)

Progression/CNS-NUD (n (O%))
Cancer None Only one Both

No cancer 30 (88) 17 (56) 2 (22)
Cancer 4 (12) 14 (45) 7 (78)
Total 34 (100) 31 (100) 9 (100)

difference being that occupation was not
included in the interaction model: CNS-NUD
(P=0.0809) and progression (P=0.0036) were
significant. Among the patients with CNS-
NUD, 40% had lung cancer, and for those
without CNS-NUD the corresponding figure
was 14%. Thirty nine per cent of those with
progression developed lung cancer, whereas
8% of the patients without progression devel-
oped it. The dependency pattern between
interaction (CNS-NUD and progression,
P=0.0005) and the follow up result was similar
to the previous model.

FIFTEEN YEAR FOLLOW UP
When all the cancers were studied, the signifi-
cant predictors were progression (P=0.0059),
CNS-NUD (P=0.0994), and occupation
(P=0.0402). Fifty three per cent of the patients
with progression and 21% of those without
progression had cancer. Sixty three per cent of
those with CNS-NUD and 24% of those with-
out it had cancer. The cumulative incidence of
cancer according to occupational group was
57% for asbestos sprayers, 36% for insulators,
and 25% for factory workers. For the interac-
tion model the result was the same, the signifi-
cant predictors were an interaction of progres-
sion and CNS-NUD (P=0.0001) and
occupation (P=0.0605).
For lung cancer, both progression

(P=0.0059) and CNS-NUD (P=0.0994) were
again significant predictors, as was smoking
(P=0.0402). If progression was present, 46%
of the patients developed lung cancer, and, if
not present, the proportion was 13%. Also, if
CNS-NUD was present, 53% developed lung
cancer, as did 18% if it was not. Among the
non-smokers no lung cancer was found,
whereas 17% ofthe ex-smokers and 44% ofthe
current smokers developed lung cancer. For
the interaction model we obtained the same
results-namely, that smoking (P=0.0354) and
an interaction of progression and CNS-NUD
(P=0.0023) were significant.
The dependence patterns for both analyses

were analogous to each other and also
analogous to the results of the 10 year follow up
(table 3).

Discussion
Analysis of the predictors associated with can-
cer morbidity in five year periods showed that
CNS-NUD was significantly associated with
development of cancer. This association was
strengthened by the radiological progression of
asbestosis and was not temporally related to the
manifestation of cancer. There were no asso-
ciations of age or disturbances of the PNS with
cancer.

Neurological signs were found and scored
systematically by an occupational neurologist
with much experience with clinical epidemiol-
ogy. The disturbances of the nervous system
were generally slight, many of them falling into
the category of normal variation in a routine
clinical examination. Clinical experience with
the proper interpretation of slight dysfunction
of the CNS, such as psycho-organic alteration
and cerebellar and balance disorders, cannot
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be overemphasised.13 As a method, compre-
hensive clinical examination provides a labori-
ous but reliable way of detecting slight
disturbances of the nervous system and is suit-
able for studies of small cohorts.'2 The specifi-
city and sensitivity of this method are probably
close to optimal.
The prevalence of disturbances of the

nervous system among our patients with asbes-
tosis was higher than among several reference
groups of patients examined at the same time
(fibrosing alveolitis, suspected occupational
solvent intoxication, and gynaecological carci-
noma) and clearly higher than in a healthy
population.7 Symptoms such as memory dis-
turbances, tiredness, sensory disturbances, and
clumsiness were more common among the
patients with asbestosis and fibrosing alveolitis
than among patients with chronic solvent
poisoning. Therefore, it seems justified to con-
clude that the patients with asbestosis actually
had an unusually high prevalence of distur-
bances of the nervous system. The possible
explanations for this are that underlying asbes-
tosis or some biological changes related to it
somehow cause disturbances of the nervous
system or there is a paraneoplastic phenom-
enon.

In this study radiological progression of
asbestosis and CNS signs were both predictors
of cancer. Together their strength was multipli-
catory which indicates that a fibrosing process
itself seems to have some role. Our earlier
studies of this cohort did not show differences
between the patients with and without involve-
ment of the nervous system for several
variables: pulmonary function,8 the tumour
markers CEA, ferritin, 0-2-microglobulin, anti-
nuclear antibodies C3 and C4,9 and circulating
immune complexes.'0 Thus neurological ab-
normalities are not related to these biological
variables, many of which change in asbestosis.

Previous studies on disturbances of the
nervous system in patients with cancer are
confined entirely to cases with already diag-
nosed cancer. Therefore it is not possible to
draw any conclusions about the possible
predictive role of these disturbances for cancer.
Case reports suggest that nervous system signs,
particularly peripheral neuropathy, can pre-
cede the manifestation of cancer by months or
years and that these signs can decrease after
radical treatment of cancer.' These findings
suggest that cancer is somehow associated with
disturbances of the nervous system, possibly
through some immunological mechanism. '"6
Our statistical analyses showed that CNS-

NUD was a significant predictor of cancer.

This unexpected finding is interesting and cer-
tainly deserves further study. The present study
does not allow any conclusions to be drawn
about the temporal association between distur-
bance of the nervous system and cancer or
about the possible underlying mechanisms of
this association. The complexity of the CNS
makes it a susceptible target for many diffuse
exogenous or endogenous agents, including
toxic or immunological disorders. The para-
neoplastic phenomenon is one possible mech-
anism, but it remains uncertain as an explana-
tion.
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