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Abstract

Objective—Comorbidity of cancer with ALS has been studied previously. Detailed description
of the temporal relationship between cancer and ALS is however lacking.

Methods—We conducted a nested case-control study of ALS in Sweden during 1987-2009,
including 5481 cases of ALS identified from the Swedish Patient Register and 27,405 controls
randomly selected from the general Swedish population. Odds ratios (ORS) for association of ALS
with previous cancer diagnosis and incidence rate ratios (IRRs) of cancer after diagnosis were
calculated to compare ALS patients to ALS-free individuals.

Results—Overall, a previous cancer diagnosis was not associated with subsequent risk of ALS
(OR 1.00; 95% CI 0.91-1.10). No overall association was observed for any specific cancer type.
An increased risk of ALS was observed during the first year after cancer diagnosis (OR 1.50; 95%
Cl 1.17-1.92). In contrast, a lower risk of cancer was observed in ALS patients after diagnosis
compared to ALS-free individuals (IRR 0.84; 95% CI1 0.69-1.02). The risk reduction was seen
primarily two or more years after ALS diagnosis (IRR 0.64; 95% CI 0.45-0.88).

Conclusions—Our results provide no evidence for comorbidity of cancer and ALS overall.

Surveillance biases seem the most likely explanation for the limited associations detected.
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Introduction

Cancer comorbidity has been described for a variety of complex diseases (1).
Neurodegenerative diseases may be of special interest in studying cancer comorbidity given
the largely different biology of neurodegeneration and carcinogenesis, i.e., premature cell
death in neurodegeneration but resistance to cell death in carcinogenesis. Understanding the
relationship between neurodegeneration and cancer may therefore shed light on the
underlying pathogenesis and provide insights into potential therapeutic options for both
conditions (2).

With the exception of a high co-occurrence of Parkinson’s disease and melanoma (3, 4),
Alzheimer’s and Parkinson’s diseases have both been shown in many epidemiological
studies to be associated with reduced risks of smoking-related and non-smoking-related
cancers (3, 5), although the results on non-smoking related cancers appeared to be less
consistent (6, 7). Based on clinical case series or case reports, earlier studies suggested a
positive association between amyotrophic lateral sclerosis (ALS) and cancer (8-10).
However, more recent large-scale epidemiological studies do not support a link (11-14),
with the possible exception of melanoma (12, 14, 15).

In addition to potentially shared biological mechanisms, it is possible that clinical
investigation, therapies and lifestyle changes after diagnosis of ALS lead to a change in
cancer risk or detection and vice versa. A clear description of the temporal relationship
between ALS and cancer may therefore be vital. However, majority of the previous
epidemiological studies used mortality data for ALS ascertainment (12, 14, 15), precluding
the possibility of examining the modifying effect of such factors on the studied association.
Instead of using the general population as the reference group, another study compared
patients with a diagnosis of ALS to individuals with other diseases (13).

Given the existing methodological shortcomings in previous epidemiological studies on ALS
and cancer, in the present study, we took advantage of the nationwide population and health
registers in Sweden to study the association between ALS and cancer, focusing on incidence
rather than mortality, and using a population-based comparison group. Special attention was
given to the temporality of the possible associations.

Materials and Methods

Study population

The study population was defined as all individuals included in the Swedish Population and
Housing Census in 1980 who were born in Sweden (N=7,692,281).

Swedish Patient Register
Since 1964/1965, the Swedish National Board of Health and Welfare has compiled data on
individual hospital discharge diagnoses coded according to the /nternational Classification
of Diseases (ICD) (ICD-7 before 1969, ICD-8 for 1969-1986, ICD-9 for 1987-1996, and
ICD-10 for 1997 onward); registration of hospital discharge data has been nationwide since
1987. From 2001 the Patient Register has also collected data on outpatient visits to specialist
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care. The Patient Register records both primary and secondary diagnoses for each clinic
visit, along with information on the dates of contact and discharge. Although the vast
majority of ALS patients were identifiable through the hospital discharge data, about 10%
cases were only seen in outpatient care (16). Given the nationwide complete coverage of the
Patient Register for hospital discharge record since 1987, we identified ALS patients from
the entire Patient Register (hospital discharge data during 1987-2009 and outpatient
specialist care during 2001-2009). Assuming that ALS patients often need to visit a
specialist for a definitive diagnosis and treatment, we have previously found that in Sweden
ALS patients were hospitalized on average 5 months after their first specialist care record for
ALS (16), suggesting that even the hospital discharge data might have identified ALS cases
in a timely manner.

Using the unique National Registration Numbers, the study population was followed from
January 1st, 1987 to December 31st, 2009, through cross-linkages to the Swedish Patient,
Causes of Death, and Migration Registers. Follow-up was censored at the time of a first
diagnosis of ALS (i.e., date of hospital admission as noted on the first hospital discharge
record for ALS or date of the first specialist care for ALS, whichever came first), death, or
emigration out of Sweden, whichever occurred first. A total of 628,033 individuals (8.2%)
were excluded from follow-up because they had died (N=544,708), or emigrated out of
Sweden (N=83,325) before January 1%, 1987, leaving 7,064,248 individuals in the study
cohort.

Nested case-control study of previous cancer in patients with ALS

A nested case-control study was conducted within the study base. During follow-up, we
identified 5481 cases of ALS. Using the method of incidence density sampling (17), we
randomly selected five controls per case that were individually matched to the cases by sex
and year of birth (N=27,405). These were persons who had not yet died, emigrated out of
Sweden, or been diagnosed with ALS at the time of index case diagnosis. The index date
was defined as the date of ALS diagnosis for cases and selection date (i.e., diagnosis date of
their matched ALS cases) for controls.

The exposure of interest was a diagnosis of first primary malignant cancer before the index
date. Through the National Registration Numbers, all matched cases and controls were
linked to the Swedish Cancer Register. The Cancer Register is based on mandatory reports
from clinicians and pathologists, as required by Swedish law since cancer registration began
in 1958, and has a very high overall completeness (18). Multiple malignant cancers are
recorded in the Cancer Register for all cancer patients. We selected only the first malignant
cancer for each individual.

Follow-up of ALS cases and controls for cancer after index date

To examine the relative risk of cancer after ALS diagnosis, we prospectively followed the
cases and controls from the index date to a diagnosis of first primary malignant cancer,
death, emigration out of Sweden, or December 31st, 2009, whichever came first. Cases and
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controls that had been diagnosed with cancer before the index date were excluded, leaving
4926 cases and 24,635 controls in this follow-up analysis.

Information on the highest achieved educational level at the index date was obtained from
the Swedish Education Register, which was established by Statistics Sweden in 1985 and
includes information on the highest level of formal education for all individuals living in
Sweden between the age of 16 and 74 years; the Register is updated annually. Education was
categorized as high (=9 years), low (<9 years), or unknown. Since the earliest cases and
controls were identified in 1987, information on socio-economic status and region of
residence was obtained primarily from the 1990 Swedish Population and Housing Census.
Socio-economic status was categorized as blue collar, white collar, self-employed, or
unclassified (e.g., due to retirement, sick leave, etc). Region of residence was classified as
southern, central, or northern Sweden. If region of residence or socio-economic status was
missing or unclassified in the 1990 Census, information from the 1980 Census was used
(N=8370).

Statistical analysis

In the nested case-control study, odds ratios (ORs) for ALS and 95% confidence intervals
(Cls) were estimated by conditional logistic regression models. Multivariable models
included the covariates education, socio-economic status and region of residence. Missing
values of these covariates were treated as separate groups in all models. We first conducted
overall analysis for any cancer. Given the previous studies linking ALS and melanoma (12,
14, 15), we separately examined the risk of ALS after a diagnosis of melanoma. Since
smoking is generally accepted as a risk factor for ALS (19), we further conducted analysis
for smoking-related cancers, including oral, esophageal, gastric, colorectal, hepatic,
pancreatic, sinonasal, laryngeal, tracheal, lung, cervical, prostate, and renal and urinary tract
cancers (20, 21). To evaluate modification of the association between cancer and ALS by sex
and age, we stratified the analyses of any cancer by sex or age (<65 or =65 years at the index
date) separately. To evaluate potential temporal variation of the association between cancer
and ALS, we specifically examined different times before ALS diagnosis (<1, =1 to <2, and
=2 years).

In the follow-up analysis, we first calculated the incidence rates of cancer among cases and
controls by dividing the number of cancers by the accumulated person-years. Incidence rate
ratios (IRRs) and 95% Cls were derived from Poisson regression models, after adjustment
for age, sex, education, socio-economic status and region of residence. To illustrate the
importance of the immediate period after diagnosis, we separately examined the cancer IRRs
during the first two years after ALS diagnosis and thereafter. We also plotted the cumulative
incidence curves (CICs) of cancer for ALS cases and controls, controlling for other
competing causes of death (22).

Analyses were performed using SAS software, version 9.1 (SAS Institute, Inc., Cary, North
Carolina).

This study was approved by the Regional Ethical Vetting Board in Stockholm, Sweden.
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The basic characteristics of ALS cases are shown in Table I.

In total, 555 out of 5481 ALS cases and 2770 out of 27,405 controls had been diagnosed
with a cancer before the index date. The most common cancer was prostate cancer followed
by breast cancer (Table I1). Overall, ALS cases and controls did not differ concerning
previous cancer history (OR 1.00; 95% CI 0.91-1.10). No difference was seen when
stratifying the analysis by sex or age (men: 302 cancer patients among 3084 cases and 1481
cancer patients among 15,420 controls; OR 1.02; 95% CI 0.89-1.16; women: 253 cancer
patients among 2397 cases and 1289 cancer patients among 11,985 controls; OR 0.98; 95%
Cl 0.85-1.13; <65 year at the index date: 80 cancer patients among 1856 cases and 403
cancer patients among 9284 controls; OR 0.98; 95% CI 0.76-1.26; and =65 year at the index
date: 475 cancer patients among 3625 cases and 2367 cancer patients among 18,121
controls; OR 1.00; 95% CI 0.90-1.11). ALS cases did not, overall, have more preceding
melanomas (OR 1.21; 95% CI 0.84-1.76) or smoking-related cancers (OR 1.04; 95% ClI
0.91-1.20), than controls.

However, compared to controls, cases were more likely to have a cancer diagnosis during the
year preceding the index date (OR 1.50; 95% CI 1.17-1.92), but not one or more years
before the index date (Table 111). During the year preceding the index date, ALS was
diagnosed after a median of 138 days after cancer diagnosis (range = 0 to 340 days). This
association was mainly due to a higher probability of diagnosis of melanoma (OR 5.13; 95%
Cl 1.65-15.9), prostate cancer (OR 1.97; 95% CI 1.27-3.06) or brain tumor (OR 4.25; 95%
Cl 1.14-15.9) (Table 111). No statistically significant association was found for other cancer
sites (data not shown).

After excluding cases and controls that had been diagnosed with cancer before the index
date, 4926 cases and 24,635 controls remained in the follow-up analysis. A total of 103 ALS
cases and 2948 controls were diagnosed with a first primary malignant cancer after the index
date (Table IV). Overall, ALS cases tended to have a lower risk of subsequent cancer
diagnosis after the index date, compared to their controls (IRR 0.84; 95% CI 0.69-1.02).
This was also shown by a higher cumulative incidence of cancer among the controls than
cases (Figure 1). The inverse association was most evident two or more years after the index
date (Table V).

Discussion

In this large population-based study, we found no overall association of previous cancer with
subsequent risk of developing ALS. No statistically significantly altered risk of ALS was
observed after a diagnosis of either melanoma or smoking-related cancers. However,
compared to controls, more ALS cases were diagnosed with cancer, especially melanoma,
prostate cancer and brain tumors, during the year before ALS diagnosis. On the other hand,
ALS patients were significantly less likely to be diagnosed with cancer two or more years
after the diagnosis of ALS.
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Following a few case series suggesting a higher than chance co-occurrence of cancer and
ALS (8-10), four epidemiological studies reported a lack of overall association between
cancer and ALS (11-14). Given that ALS is relatively rare, and the intersection with cancer
(especially when restricted to site-specific cancers) will be rarer still, register-based studies
appear to be the most realistic setting to investigate the comorbidity of cancer and ALS (12—
14). Two studies used the US Surveillance, Epidemiology and End Results Program and
examined the risk of ALS death among cancer survivors (12, 14). Because of the design,
these studies were not able to assess the risk of cancer after ALS diagnosis. A third study
was similar to ours in its focus on ALS incidence rather than mortality, using records of
hospital admission and outpatient care, and its evaluation of cancer both before and after
ALS diagnosis (13). However, this study used patients with other minor health conditions as
controls, rather than randomly selected individuals from the general population, leaving
potentially altered risk of cancer among these control patients a potential concern (13).

In the present analysis we were also able to examine the temporal relationship between
cancer and ALS, especially the time periods immediately before and after ALS diagnosis.
Whilst paraneoplastic neuromuscular disorders are described (23), the general view is that
ALS-like disorders and cancer represent an unfortunate coincidence. We believe the more
plausible explanation for the temporal association of cancer and ALS shortly before ALS
diagnosis is surveillance bias, whereby the frequency of clinical examination and
investigation associated with either ALS or cancer increases the likelihood of incidental
diagnosis of the other. The earliest pathological changes in ALS seem likely to occur long
before the onset of symptoms, as recognized in Alzheimer’s and Parkinson’s diseases. It is
therefore also a possibility that neurotoxic chemotherapy given for the treatment of cancer
might precipitate the onset of ALS in vulnerable individuals, but this remains speculative at
present.

On the other hand, our finding of a reduced risk of cancer diagnosis among ALS patients,
especially later in disease progression (i.e., more than two years after diagnosis) might
suggest under-diagnosis of cancer among those with established ALS. With a median
survival of 1-3 years from diagnosis, ALS patients often succumb rapidly after diagnosis
without surviving long enough for cancer development. Reduced surveillance might be one
of the reasons for such under-diagnosis. Possibilities include a lack of normal screening in
the context of the focus on palliative care after a diagnosis of ALS, automatic attribution of
weight loss to ALS rather than cancer, and, less plausibly, lack of communication in those
“locked in” or with severe cognitive impairment (both relatively unusual in ALS).

Pooling all cancers together as a group might mask real associations between specific cancer
sites and ALS, given the varying biology of different cancers. Previous studies have
attempted to study separate cancer sites in addition to an overall estimate. For example, a
higher than expected co-occurrence of breast cancer and ALS was reported in case series (8,
10, 24), although not confirmed in any of the epidemiological studies (12-14). Another
cancer of interest is melanoma. Patients with melanoma were shown in three studies to have
a higher risk of ALS (12, 14, 15), but this was not reported in a fourth study (13). In the
present study, although melanoma was not associated with an altered risk of ALS overall, a
recent melanoma diagnosis was associated with a five-fold increase in ALS risk. The lack of
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association for melanoma diagnosed earlier in time before ALS contrasts with two previous
studies which showed a consistent positive association for melanoma diagnosed at different
times (i.e., 1-5, 5-10, and >10 years) before ALS death (14, 15). It should be noted that
because of the relative rarity of the combined conditions, all studies are based on small
numbers of cases.

Similar to melanoma, we found that during the year before diagnosis, ALS patients had also
higher risk of brain tumor and prostate cancer. Although a total of 15 cases had concurrent
brain tumor, only four were diagnosed with brain tumor in the year before ALS diagnosis
including three cases of meningioma and one case of glioma. Detection of an incidental
brain tumor (e.g., benign meningioma) as part of the ALS work-up seems the most plausible
explanation. The positive association between prostate cancer and ALS has not been
reported previously. The widespread availability and use of serum prostate specific antigen
measurement by non-specialists may be contributory but unsubstantiated at present.
Although not statistically significant, similar associations were suggested for other skin
cancer as well as cancer in the cervix or corpus uteri (data not shown). At onset, ALS may
be associated with unspecific symptoms such as fatigue and weight loss which could likely
elicit a search for malignancy by non-neurologists and this may in turn cause an increased
detection rate with respect to common cancer types despite an absence of a
pathophysiological association with ALS. Overall, intensified medical surveillance, in
addition to chance association, seem the most possible explanations for the observed
associations between ALS and individual cancers. Similar possibilities for Parkinson’s
disease have also been raised previously (25, 26).

The strengths of the present study included the large sample size, the independently and
prospectively collected data on cancer and ALS, and the complete and long follow-up. As in
all other register-based studies, a major limitation is the lack of control for confounding
factors that might be associated with both ALS and cancer, such as smoking (19). We did
however adjust for socio-economic status, education and region of residence in all the
analyses and the relative risk estimates with these adjustments did not differ greatly from the
estimates that were unadjusted for these factors (data not shown). Another limitation is that
ALS cases were identified from the Patient Register and, before 2001, solely via the hospital
discharge records. It is likely that we missed cases that were never hospitalized during the
study period. However, through comparison of the outpatient specialist care and hospital
discharge records, we found that about 90% of all ALS patients could be identified through
hospital discharge records (16). Finally, as cases were identified from the Patient Register,
we did not have detailed data on ALS diagnosis and clinical features, such as the date and
site of onset.

In conclusion, in this large population-based study, we did not observe an overall association
between ALS and cancer. The higher risk of ALS immediately after cancer diagnosis is
assumed to be due to surveillance bias and the lower risk of cancer two years or more after
ALS diagnosis likely due to a combination of reduced survival and a predominantly
palliative care approach to overall management in the ALS patients.
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Figure 1.

Cumulative incidence curves of cancer by amyotrophic lateral sclerosis status, a cohort study

in Sweden, 1987-2009.
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Characteristics No (%)

Total 5481

Sex
Men 3084 (56.3)
Women 2397 (43.7)

Age at diagnosis, yrs
<55 686 (12.5)
>55and <65 1170 (21.4)
>65and <75 1813 (33.1)
>75and <85 1552 (28.3)
285 260 (4.7)

Calendar period at diagnosis
1987-1992 1113 (20.3)
1993-1998 1179 (21.5)
1999-2004 1660 (30.3)
2005-2009 1529 (27.9)
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Previous cancer among amyotrophic lateral sclerosis (ALS) patients and their birth year and sex matched

controls, a nested case-control study in Sweden, 1987-20094

Controls (n=27405)

AL S cases (n=5481)

No cancer, n (%) 24635 (89.9)
Any cancer, n (%) 2770 (10.1)
Oral, n 52
Anal, n 126
Lung/trachea, n 43
Renal, n 262
Breast, n 451
Prostate, n 539
Melanoma, n 143
Other skin, n 139
Endocrine, n 81
Brain, n 69
Colon, n 189
Lymphoma, n 103
Cervix, n 76
Corpus, n 131
Ovarian, n 64
Thyroid, n 34
Leukemia, n 30
Other, n 238

4926 (89.9)
555 (10.1)
16

28

12

47

81

117

35

31

17

15

39

12

16

26

8

8

5

42

a .
Only cancers with more than 5 cases among ALS cases presented.
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1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Sweden, 1987-2009

Controls (n=27405) ALS(n=5481) OR (95% Cl)2

No cancer 24635 4926 Reference
Any cancer

<1 yr before index date 270 81 1.50(1.17-1.92)

>1 to <2 yrs before index date 243 57 1.17 (0.88-1.57)

22 yrs before index date 2257 417  0.92 (0.82-1.03)
Melanoma

<1 yr before index date 6 6 5.13(1.65-15.9)

21 to <2 yrs before index date 8 2 1.24(0.26-5.82)

22 yrs before index date 129 27  1.03 (0.68-1.56)
Prostate cancer

<1 yr before index date 71 28 1.97 (1.27-3.06)

21 to <2 yrs before index date 66 18 1.37 (0.81-2.33)

>2 yrs before index date 402 71 0.88(0.68-1.14)
Brain tumor

<1 yr before index date 5 4 4.25(1.14-15.9)

>1 to <2 yrs before index date 2 0 -

22 yrs before index date 62 11  0.88 (0.46-1.68)

aOR, odds ratio;

Cl, confidence interval; ORs were adjusted for age, sex, education level, region of area and socio-economic status
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Risk of first primary cancer after diagnosis of amyotrophic lateral sclerosis (ALS), a cohort study in Sweden,

Table IV

1987-2009
No. of cancers  Person-years |IRR (95% Cl) @

Overall

ALS-free (n=24635) 2948 179,443 Reference

ALS (n=4926) 103 8688  0.84 (0.69-1.02)
First year after index date

ALS-free 371 23,427 Reference

ALS 50 3184  1.09 (0.80-1.45)
Second year after index date

ALS-free 319 21,098 Reference

ALS 17 1615  0.82 (0.48-1.29)
>2 years after index date

ALS-free 2258 134,919 Reference

ALS 36 3889  0.64 (0.45-0.88)

a L .
IRR, incidence rate ratio;

ClI, confidence interval; IRRs were adjusted for age, sex, education level, region of area and socio-economic status
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