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Background: Some neurogenerative diseases have been linked to a reduced risk of cancer, but 
the association between motor neuron disease and cancer risk is not well understood. We 
hypothesized that cancer risk would be lower among those with motor neuron disease and its 
most common subtype, amyotrophic lateral sclerosis.
Methods: We conducted a population-based cohort study of motor neuron disease and cancer 
risk using routinely collected data from population-based registries in Denmark. We examined 
cancer incidence among patients diagnosed with motor neuron disease between January 1980 
and December 2013 followed through 2013. Using Danish national cancer rates for the study 
period, we computed standardized incidence ratios as a measure of relative risks.
Results: In the cohort of 5053 patients with a motor neuron disease, the overall standardized 
incidence ratio of any cancer was 1.17 (95% confidence interval [CI], 1.03–1.31); the 
corresponding standardized incidence ratio for amyotrophic lateral sclerosis was 1.24 (95% 
CI, 0.96–1.57). The standardized incidence ratios of any cancer in the cohort with motor 
neuron disease was 1.52 (95% CI, 1.22–1.87) for <1 year of follow-up; 0.87 (95% CI, 
0.68–1.09) for years 1–5 of follow-up; and 1.22 (95% CI, 1.01–1.46) for >5 years of follow- 
up. Beyond one year of follow-up, patients in the motor neuron disease had elevated 
standardized incidence ratios for lymphoid leukemia, non-Hodgkin lymphoma, and basal 
cell skin cancer.
Conclusion: Findings fail to support the hypothesis that motor neuron disease or amyo
trophic lateral sclerosis is associated with reduced cancer incidence. An elevated risk of 
cancer during the first year of follow-up may be attributable to heightened surveillance.
Keywords: amyotrophic lateral sclerosis, cancer, cohort, motor neuron disease, 
neurodegeneration, risk

Introduction
Motor neuron disease is a rare, progressive, and usually fatal neurodegenerative 
condition that causes death of motor neurons in the cerebrum, brainstem, and spinal 
cord.1 Motor neuron disease includes amyotrophic lateral sclerosis and several 
related disorders.2 Other neurodegenerative disorders, including Alzheimer’s dis
ease and Parkinson’s disease, have been linked to a reduced risk of cancer.3–6 It is 
speculated that reduced trophic support for neurons or programmed cell death, both 
associated with neurologic disease, may also inhibit cancer-associated cellular 
proliferation.3 Some studies of motor neuron disease reported an inverse association 
between motor neuron disease and all cancers or site-specific cancers, while others 
have not, with some evidence suggesting that motor neuron disease may be 
a paraneoplastic condition.7–13
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We hypothesized that cancer risk would be lower among 
those with motor neuron disease (all subtypes) and those 
with amyotrophic lateral sclerosis (the most common form 
of motor neuron disease). We examined this potential asso
ciation in a cohort study, using routinely collected data from 
population-based registries in Denmark.

Materials and Methods
Setting
We conducted a nationwide cohort study in Denmark, 
which has a dynamic population of about 5.8 million people 
and a tax-funded universal health-care system, with govern
ment-maintained nationwide registries.14 Upon birth or 
immigration, every Danish resident is assigned a unique 
personal identifier, recorded in the Danish Civil 
Registration System and used in all public records.15 The 
Civil Registration System contains information on sex, date 
of birth or immigration, and date of death or emigration. 
Thus, the Civil Registration System enables both exact 
individual-level linkage of all Danish health registries and 
complete follow-up of the entire Danish population.15

Motor Neuron Disease Cohort
In the Danish National Patient Registry, we identified 
a cohort of all patients diagnosed with motor neuron dis
ease (International Classification of Diseases codes in 
Table 1) seen as inpatients or outpatients in Danish hospi
tals between 1 January 1980 and 31 December 2013. The 
Danish National Patient Registry has recorded all inpatient 
diagnoses and procedures since 1977, and outpatient clinic 
visits, psychiatric ward visits, and emergency room visits 
since 1995.16 Diagnoses in the Danish National Patient 
Registry were coded according to the International 
Classification of Diseases 8th revision from 1977 to 1993 
and the 10th revision thereafter. Each hospital discharge or 
outpatient clinic visit is associated with one primary diag
nosis and up to nineteen secondary diagnoses.16

Cancer Outcomes
All members of the cohort were linked through their unique 
identifiers to the Danish Cancer Registry, which was the 
source of data on the cancer diagnoses (Table 1). The Danish 
Cancer Registry has recorded information on all cases of 
incident primary cancer in Denmark since 1943, with compul
sory reporting since 1987. Registration in the Danish Cancer 
Registry is based on notification of new cancer diagnoses by 
general practitioners, practicing specialists and hospital 

departments, including departments of pathology and forensic 
medicine.17 Patients with a cancer diagnosis before motor 
neuron disease diagnosis were excluded.

Table 1 International Classification of Diseases 8th Revision and 
International Classification of Diseases 10th Revision Used to 
Identify Study Variables

ICD-8 ICD-10

Amyotrophic 

lateral sclerosis 
and motor 

neuron disease

Motor neuron disease: 

348 (amyotrophic 
lateral sclerosis 348.09, 

paralysis bulbaris 

progressive 348.19, 
paralysis spinalis 

progressive 348.20, 

atrophia musculorum 
progressiva alia 348.29, 

morbus neuronis 

motorii alius et non 
specificatus 348.99)

Motor neuron disease: 

G12.2 
Amyotrophic lateral 

sclerosis: G12.2G

Cancer C00-C96

Lung, bronchi and 
trachea

C33-C34

Brain and other 
nervous system 

cancers

C70-C72, D32, D42, 
D33, D352-D354, 

D43, D443- D445

Basal cell 

carcinoma

C44 restricted to 

ICD-O-3 morphology: 

809

Prostate C61

Malignant 

melanoma

C43

Breast C50

Non-Hodgkin 
lymphoma

C82-C85, C90

Colorectal C18-C19, C20

Lymphoid 

leukemia

C91

Urinary bladder C67, D090, D303, 

D414 restricted to 
ICD-O-3 morphology: 

812–813

Testicular cancer C62

Salivary gland 
cancers

C07-C08

Abbreviations: ICD-8, The International Classification of Diseases 8th Revision; 
ICD-10, The International Classification of Diseases 10th Revision.
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Statistical Analyses
We followed the patients in the motor neuron disease cohort 
from the date of the first diagnosis of motor neuron disease 
until date of cancer diagnosis, death, emigration, or 
December 31, 2013, whichever came first. As a measure 
of relative risks, we computed standardized incidence ratios 
as the ratio of observed cancer incidence divided by 
expected cancer incidence. Expected numbers of cancer 
cases were calculated based on national incidence rates by 
age (five-year groups), sex, and calendar period (five-year 
intervals). Multiplying the number of person-years of obser
vation by the national incidence rates yielded the number of 
cancer patients expected if patients with motor neuron dis
ease had the same risk of cancer as the general population.18 

Exact confidence intervals (CIs) were calculated when the 
observed number was fewer than 10; otherwise, Byar’s 
approximation was used,18 assuming that the observed 
number of cancers followed a Poisson distribution. 
According to Danish privacy rules, only cells counts larger 
than four were reported.19

We conducted the analyses for any cancer, for common 
site-specific cancers, and for selected site-specific cancers 
associated with motor neuron disease in earlier studies.8,9 

We computed the standardized incidence ratios overall and 
by follow-up time divided into <1 year, years 1–5, and >5 
years. We calculated overall standardized incidence ratios, 
stratified by age groups, sex, and calendar period (before 
1994 and 1994 and later, based on the year of transition 
from the International Classification of Diseases 8th 
Revision to the International Classification of Diseases 
10th Revision).

We conducted a subanalysis for any cancer, restricting the 
cohort to patients with a specific amyotrophic lateral sclerosis 
diagnostic code. A specific amyotrophic lateral sclerosis code 
was available in the International Classification of Diseases 
8th revision. However, in the beginning of 10th Revision 
period (1994 to approx. 2000), the specific code for amyo
trophic lateral sclerosis was not widely used. The proportion of 
patients with a specific ICD-10 code for amyotrophic lateral 
sclerosis was 2% among patients diagnosed in 1994–2000 and 
16% among patients diagnosed in 2001–2013.

Ethical Aspects
This study was approved by the Danish Data Protection 
Agency (record number AU 456). According to Danish 
law, studies based entirely on registry data do not require 
patient consent or approval from an ethics review board.

Results
We identified 5053 patients (2258 women and 2795 men) 
with a first-time diagnosis of motor neuron disease 
between 1980 and 2013. The median age at diagnosis 
was 65.8 years (interquartile range [IQR]: 56.1–73.5) and 
the median follow-up was 1.3 years. In this cohort, 1542 
patients had a specific diagnostic code for amyotrophic 
lateral sclerosis (median age at diagnosis 67.3 years, 
IQR: 59.2–74.2; median follow-up 0.8 years). 
Distribution of all other diagnostic codes is presented in 
the Supplemental Table.

The standardized incidence ratio of any cancer, asso
ciated with motor neuron disease, was 1.17 (95% CI, 1.03–
1.31): 1.31 (95% CI, 1.08–1.58) among women and 1.08 
(95% CI, 0.92–1.26) among men for the entire 33-year 
follow-up period. The standardized incidence ratios for the 
period 1980 to 1993 were 1.28 (95% CI, 1.06–1.54) and 1.09 
(95% CI, 0.93–1.27) thereafter. Patients diagnosed with 
motor neuron disease before the age of 60 years had 
a higher standardized incidence ratio for any cancer (1.32 
[95% CI, 1.08–1.60]) than older patients (1.09 [95% CI, 
0.94–1.26]).

Patients with motor neuron disease were more likely to 
be diagnosed with cancer than individuals of same sex and 
similar age in the general population during the first year of 
follow-up (Table 2). During the first year of follow-up, 89 
cancers were identified in patients with motor neuron dis
ease, yielding a standardized incidence ratio for cancer of 
1.52 (95% CI, 1.22–1.87). For follow-up beyond the 
first year, the standardized incidence ratio for any cancer in 
the cohort with motor neuron disease was 0.87 (95% CI, 
0.68–1.09) for years 1–5 and 1.22 (95% CI, 1.01–1.46) for 
>5 years of follow-up. During the first year of follow-up, 
motor neuron disease was associated with several cancer 
sites, but the risk estimates were imprecise (Table 2). For 
cancer of the brain and other nervous system tumors, the 
standardized incidence ratio was 11.54 (95% CI, 6.59–18.8). 
For malignant melanoma, the standardized incidence ratio 
was 3.76 (95% CI, 1.22–8.76), and for lung cancer, the 
standardized incidence ratio was 2.30 (95% CI, 1.32–3.74).

Beyond one year of follow-up, elevated standardized inci
dence ratios were observed for lymphoid leukemia (2.91 [95% 
CI, 0.60–8.50]) in years 1–5, and (2.64 [95% CI, 0.54–7.70]) 
for >5 years; non-Hodgkin lymphoma (2.13 [95% CI, 0.78–
4.65] and 1.92 [95% CI, 0.71–4.19]), and basal cell skin cancer 
(1.38 [95% CI, 0.86–2.08] and 1.73 [95% CI, 1.19–2.45]). The 
standardized incidence ratios for lung cancer were 0.39 (95% 
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CI, 0.11–1.00) for years 1–5 and 1.19 (95% CI, 0.63–2.04) for 
>5 years of follow-up; the respective estimates for colorectal 
cancer were 0.72 (95% CI, 0.29–1.49) and 0.66 (95% CI, 
0.27–1.37). There were no observed cases of salivary gland 
cancer. Many cancer sites had fewer than 5 observed cases and 
the associated estimates are therefore imprecise.

For the 1542 patients with a specific amyotrophic lateral 
sclerosis diagnostic code, the standardized incidence ratio for 
any cancer was 1.24 (95% CI, 0.96–1.57) for the entire 33-year 
follow-up period, 1.82 (95% CI, 1.21–2.64) for the first year 
and 1.00 (95% CI, 0.71–1.37) for the subsequent years.

Discussion
In this nationwide population-based cohort study, we 
found no evidence of a reduced risk of cancer in patients 
with motor neuron disease. Instead, during the first year 
following a diagnosis of motor neuron disease, patients 
had about 52% elevated risk of any cancer compared with 

the general population of the same sex and similar age. 
After one year, risks of any cancer were similar in the 
patients with motor neuron disease and in the general 
population. Results for patients with a specific diagnosis 
of amyotrophic lateral sclerosis were broadly consistent 
with the overall results.

Several studies have shown reductions in risk of 
cancer in neurodegenerative disorders like Alzheimer’s 
disease and Parkinson’s disease.3–5 Speculatively, 
inverse associations could reflect opposing physiological 
and pathological processes related to neuronal cell death 
in neurodegenerative disorders and to uncontrolled cell 
proliferation in malignancy.3 An alternative explanation 
for the observed association is that clinicians may be 
less likely to screen for certain cancers or reluctant to 
pursue cancer diagnoses aggressively in patients with 
serious neurologic morbidity. Our finding of no overall 
cancer risk reduction in patients with motor neuron 

Table 2 Standardized Incidence Ratios for Selected Cancers Among Patients with Motor Neuron Diseases

Cancer site <1 year of follow-up 1-5 years of follow-up ≥ 5 years of follow-up

Observed Expected SIR (95% CI) Observed Expected SIR (95% CI) Observed Expected SIR (95% CI)

All 89 58.7 1.52 (1.22-1.87) 76 87.5 0.87 (0.68-1.09) 118 96.7 1.22 (1.01-1.46)

Colorectal <5 NR 0.45 (0.09-1.32) 7 9.7 0.72 (0.29-1.49) 7 10.6 0.66 (0.27-1.37)

Lung, bronchi and 

tracheaa

16 6.9 2.30 (1.32-3.74) <5 NR 0.39 (0.11-1.00) 13 10.9 1.19 (0.63-2.04)

Malignant melanomab 5 1.3 3.76 (1.22-8.76) <5 NR 0.47 (0.01-2.64) <5 NR 0.81 (0.10-2.93)

Breast <5 NR 0.39 (0.05-1.42) 8 6.7 1.19 (0.51-2.34) 8 6.5 1.24 (0.53-2.44)

Prostatea 5 6.0 0.83 (0.27-1.94) <5 NR 0.41 (0.11-1.06) 13 11.7 1.11 (0.59-1.90)

Testicleb 0 0.1 - <5 NR 3.64 (0.09-20.29) <5 NR 5.39 (0.65-19.46)

Urinary bladder <5 NR 0.61 (0.07-2.22) <5 NR 0.20 (0.01-1.12) 6 5.5 1.08 (0.40-2.36)

Brain and other 

nervous system

16 1.4 11.54 (6.59-18.75) 0 2.1 - 6 2.4 2.54 (0.93-5.54)

Non-Hodgkin 

malignant lymphoma

<5 NR 1.60 (0.33-4.68) 6 2.8 2.13 (0.78-4.65) 6 3.1 1.92 (0.71-4.19)

Lymphoid leukemia <5 NR 2.89 (0.35-10.45) <5 NR 2.91 (0.60-8.50) <5 NR 2.64 (0.54-7.70)

Basal cell skin cancer 9 10.4 0.86 (0.39-1.64) 22 16.0 1.38 (0.86-2.08) 32 18.4 1.73 (1.19-2.45)

Other cancer sites 

combined

26 14.9 1.75 (1.14-2.56) 19 21.8 0.87 (0.53-1.36) 20 23.4 0.85 (0.52-1.32)

Notes: aCancers whose risk is reported to be decreased in MND (lung8 and prostate9). bCancers whose risk is reported to be increased in MND (salivary,8,9 testicular,8 and 
melanoma8). There were no observed cases of salivary gland cancer during the follow-up. 
Abbreviations: CI, confidence interval; NR, not reportable (to prevent back-calculation from SIR to comply with the Danish privacy regulations19); MND, motor neuron 
disease; SIR, standardized incidence ratio.
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disease fails to support the inverse association hypoth
esis, at least as it pertains to this particular neurodegen
erative disorder.

Our findings extend earlier evidence on the relation 
between motor neuron disease and cancer.3,7–9,14,20 

Reported associations in some studies are based on inci
dent motor neuron disease after a cancer diagnosis rather 
than the other way around, as in our study. Bi-directional 
inverse associations could imply causal mechanisms oper
ating to increase cancer risk in neurodegenerative disease 
and to increase neurodegeneration in cancer. The two 
hypotheses, although related, are not one and the same 
and might differ for motor neuron disease as compared 
with Alzheimer’s disease or Parkinson’s disease.

A British population-based record linkage study 
showed no overall cancer risk increase among 838 motor 
neuron disease patients compared with a control cohort of 
people with other specified medical disorders (rate ratio 
0.98; 95% CI, 0.75–1.26). Data from the Surveillance, 
Epidemiology and End Results Program in the US, 
which included 1216 motor neuron disease deaths, did 
not show an association between motor neuron disease 
mortality among one-year cancer survivors (standardized 
mortality ratio 1.00; 95% CI, 0.95–1.06).20 In contrast, 
a Swedish-nested case–control study of amyotrophic lat
eral sclerosis patients and general-population controls 
reported a lower risk of cancer diagnosis in 4926 amyo
trophic lateral sclerosis patients (incidence rate ratio 0.84; 
95% CI, 0.69–1.02).7 The risk reduction was seen primar
ily two or more years after amyotrophic lateral sclerosis 
diagnosis (incidence rate ratio 0.64; 95% CI, 0.45–0.88). 
However, the Swedish investigators also found no associa
tion between a history of cancer and subsequent risk of 
amyotrophic lateral sclerosis (odds ratio: 1.00; 95% CI, 
0.91–1.10), concluding that there was no overall evidence 
for correlation between cancer and amyotrophic lateral 
sclerosis.7 A US study using a Utah genealogy database 
of 1081 patients with death certificate diagnoses of motor 
neuron disease reported a decreased lifetime risk of cancer 
in these patients (hazard ratio: 0.80; 95% CI, 0.66–0.96).8

With respect to site-specific cancers, we found 
increased risks for brain and central nervous system 
tumors, melanoma, and lung cancer during the first year 
after a motor neuron disease diagnosis and increased risks 
for lymphoid leukemia, non-Hodgkin lymphoma, and 
basal cell cancer after one year. In contrast, lung cancer 
risk was reduced in the Utah study (hazard ratio: 0.23; 
95% CI, 0.05–0.63), where hazards were also increased for 

salivary and testicular cancers.8 There were no cases of 
these cancers in our motor neuron disease cohort.

The elevated risks of cancer during the first year of 
follow-up in this study are likely attributable to heightened 
surveillance related to diagnostic procedures (CT or MRI 
scan of the head and cervical spine), the clinical examina
tion (visual inspection of unrobed patients for muscle 
atrophy and fasciculations; strength testing of individual 
muscle groups), and the clinical assessment of patients 
with weakened respiratory muscles and impaired swallow
ing, which might predispose to pulmonary infection (chest 
X-rays). In the motor neuron disease cohort, the early 
increased risk of lung cancer was followed by a slight, 
possibly compensatory, deficit in the standardized inci
dence ratio after one year. The increased risk of basal 
cell cancer beyond one year of follow-up may also be 
explained by more intense visual inspection of patients 
during the motor examination. More frequent hospital 
contact with heightened surveillance may also account 
for increased numbers of some hematological cancers 
(lymphoid leukemia, non-Hodgkin lymphoma).

In a British study, more cases than expected of amyo
trophic lateral sclerosis were associated with autoimmune 
disorders, such as myasthenia gravis, myxedema, poly
myositis and other autoimmune diseases.21 The risk of 
non-Hodgkin lymphoma is elevated in patients with auto
immune and chronic inflammatory diseases,21–23 and 
future research might examine associations based on 
immunological mechanisms. We were unable to corrobo
rate the finding by Gibson and colleagues of a reduced risk 
of several site-specific cancers among patients with motor 
neuron diseases.8 Moreover, in contrast to previous 
studies,8,9 we found elevated risks of basal cell cancer, 
lymphoid leukemia and non-Hodgkin lymphoma, although 
the number of cases was small.

Strengths and Limitations
Our study was based on data from nationwide population- 
based registries that allowed for complete long-term follow- 
up. Use of routinely collected health data, accrued in 
a hypothesis-independent fashion reduces the risk of infor
mation bias.14 The Danish national health service with uni
versal access to health care reduces referral and diagnostic 
biases. A validation study showed that 85% of patients coded 
with motor neuron disease in the Danish National Patient 
Registry had amyotrophic lateral sclerosis (65%) or another 
motor neuron disease (20%), while 8% had Parkinson’s dis
ease and 4% were without a final diagnosis.24 With the 
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exception of non-melanoma skin cancer, data in the Danish 
Cancer Registry are nearly complete and valid due to com
pulsory reporting, and most tumors since 2009 have been 
histologically confirmed.25 Despite the comparatively large 
size of the motor neuron disease cohort, estimates for some 
site-specific cancers were imprecise, due to a small number 
of events. Some patients with amyotrophic lateral sclerosis 
diagnosed from 1994 to 2000 were not included in the 
specific amyotrophic lateral sclerosis analysis, because spe
cific International Classification of Disease coding was not 
available during this period.

Motor neuron disease may be etiologically heteroge
neous. It is linked to genetic mutations and possibly to 
physical trauma, toxins, and other exposures.26 It is thus 
possible that associations with cancer in general or with 
specific cancers might differ according to disease etiology. 
In the Danish registries, amyotrophic lateral sclerosis was 
the most common diagnostic phenotype, and cancer risk in 
this subgroup is similar to that in the larger motor neuron 
disease cohort. However, amyotrophic lateral sclerosis 
itself has different causes, and we cannot rule out sub
group differences.

Conclusions
Our large population-based study showed no reduced risk 
of cancer in patients with motor neuron disease. Our find
ings thus do not support the hypothesis of an inverse 
association between neurodegeneration and cancer. Lack 
of an inverse association has been previously reported for 
Parkinson’s disease,6 although evidence is conflicting, and 
a putative inverse association may be specific for 
Alzheimer’s disease. Alternatively, apparent risk reduction 
in Alzheimer’s disease might also reflect bias linked to 
reduced cancer surveillance. We were unable to corrobo
rate previous reports of reduced risk of several site-specific 
cancers among patients with motor neuron disease. 
Moreover, we found elevated risks of basal cell cancer, 
lymphoid leukemia and non-Hodgkin lymphoma in fol
low-up after one year, although numbers of cases were 
small and the associated estimates imprecise.
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