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Cancer occurrence in patients with multiple sclerosis (MS) has
been little studied, but associations with brain tumours, breast
cancer, Hodgkin lymphoma and nasopharyngeal carcinoma have
been suggested. We took advantage of population-based registers
of MS and cancer to assess the risk of cancer following diagnosis
of MS. Patients registered in the Danish Multiple Sclerosis Register were linked with the Danish Cancer Register to obtain information on cancer occurrence. The ratio of the observed to the
number of expected cancers based on population-based incidence
rates, i.e., the standardised incidence ratio (SIR), served as measure of the relative cancer risk. A database comprising all Danish
women born after April 1, 1935, with information on all live-born
children, was used in the analyses of breast cancer to adjust for
reproductive factors. Overall 1,037 cancers were observed in
11,817 MS patients during 153,875 person-years of follow-up vs.
an expected number of 1,098 (SIR 5 0.94 [95% conﬁdence interval CI: (0.89–1.00)]. The risk of brain tumours and Hodgkin lymphoma was not increased. A 16% overall reduced cancer risk in
men with MS was explained by reduced numbers of cancers of the
digestive, respiratory and genital organs. Though the overall cancer risk was not increased [SIR 5 1.01(0.94–1.09), n 5 676],
female MS patients had an increased risk of breast cancer [SIR 5
1.21 (1.05–1.39), n 5 193]. Adjusting for parity and age at ﬁrst
child delivery did not change this risk estimate materially. In general MS patients are not at increased risk of cancer. Women with
MS, however, seem to have a small excess risk of breast cancer,
which cannot be attributed to reduced parity or delayed ﬁrst child
birth.
' 2005 Wiley-Liss, Inc.
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Multiple sclerosis (MS) is a chronic demyelinating disease,
characterised by relapsing neurological symptoms from different
parts of the central nervous system (CNS). MS often presents in
early adulthood, and despite episodes of remittance, the disease
typically progresses and results in severe disability.1
Worldwide the geographical distribution of MS is uneven.
Northern and central Europe, the northern US, Canada and south
eastern Australia are considered high-risk regions, whereas Africa,
Asia, Alaska and northern South America are low-risk regions.2,3
Recent studies have indicated that MS incidence is increasing in
several regions of the world.3–10 Together with increased longevity of MS patients,11 this will lead to a higher prevalence of MS
worldwide, emphasizing the need for updated knowledge about
comorbidity in this population.
Little is known about the overall cancer incidence among MS
patients as most of previous studies have focused on the possible
co-occurrence of MS and Hodgkin lymphoma.12–14 Overall, MS
patients do not seem to be at an increased risk of developing neither cancer in general, nor Hodgkin lymphoma in particular,15–17
but increased risks of breast cancer,15,16 cancers of the CNS,16,18
the urinary tract system16 and nasopharynx16 have been suggested.
Typically such observations have been based on a small number
of cases, rendering the risk estimates statistically imprecise.
Moreover, in breast cancer analyses important confounders such
as parity have not been taken into consideration.15,16
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We took advantage of 2 population-based disease registers, the
Danish Cancer Register and the Danish Multiple Sclerosis Register, to assess the occurrence of cancer among Danish MS patients.
Adjustment for parity was carried out using a population-based
parity database on all Danish women born since 1935.
Material and methods
Since April 1, 1968, all Danish citizens have been given a
unique identiﬁcation number (CRS number), which is recorded
together with continuously updated information on, e.g., vital status, place of birth and place of residence in the Danish Civil
Registration System (CRS).19 The CRS numbers were used to
identify persons in all the registries mentioned below and provided
a means for register linkages.
Registers
The Danish Multiple Sclerosis Registry (DMSR) was formally
established in 1956 but started operating in 1949 with a nationwide survey of prevalent cases of MS.20 DMSR is based on notiﬁcation from all hospital departments of neurology in Denmark,
including MS rehabilitation centres, departments of pathology and
practising neurologists. Since the establishment in 1977 of the
National Hospital Discharge Register, the data collection has been
supplemented annually with information on patients with MS
admitted to Danish hospitals. Diagnoses of patients with disease
onset before 1994 have been evaluated using the diagnostic criteria of Allison and Millar,21,22 whereas cases with onset after 1993
have been evaluated employing the Poser criteria.23 Only cases
fulﬁlling the diagnostic criteria of Allison and Millar or Poser
(including possible MS) are considered MS cases.6,20 The change
of diagnostic criteria in 1994 has not affected the consistency of
the diagnosis over time. Thus, the percentage of cases reported to
DMSR who did not comply with the contemporary diagnostic criteria was 23.3 before 1994 and 22.7 thereafter. Furthermore 2 neurologists have classiﬁed all reported cases with onset after 1965
(personal communication, Nils Koch-Henriksen). The DMSR is
the longest running population-based MS register in the world and
is estimated to be more than 90% complete with a diagnostic validity of 94%.20
The Danish Cancer Register is a population-based register containing data on incident cases of cancer throughout Denmark since
1943.24 Details of individual cases of cancer are available accord-
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ing to the 7th revision of the international classiﬁcation of diseases
(ICD) for all years, and in addition according to the ICD-O since
1978.
The DMRS was linked with the Danish Cancer Register to identify all cases of cancer occurring in patients registered with MS. In
the statistical analyses, the MS patients were followed for cancer
occurrence from April 1, 1968, or MS diagnosis, whichever
came later, until the date of death, emigration or December 31,
1997, whichever came ﬁrst. The ratio of the number of observed
to the number of expected cancers, i.e., the standardised incidence
ratio (SIR), served as measure of the relative risk of cancer in
the cohort. The expected number of cancers in the cohort was
calculated as the sum of the sex-, age- and period-speciﬁc personyears at risk in the cohort multiplied by correspondingly stratiﬁed
national cancer incidence rates. Ninety-ﬁve percent conﬁdence
intervals (95% CIs) for the SIRs were estimated by means
of Wald’s test assuming a Poisson distribution of the observed
cases.
A more detailed analysis including adjustment for parity was
carried out for breast cancer using a research database comprising
all Danish women born between April 1, 1935, and March 31,
1978.25 For every woman in this database, details on live-born
children, e.g., birth dates are registered. Follow-up for breast cancer started on April 1, 1968, or on the person’s 12th birthday,
whichever came later, and continued until breast cancer diagnosis,
death, emigration or December 31, 1995. MS cases among women
in the research database were identiﬁed by linkage with the
DMSR. The possible effect of MS on breast cancer risk was investigated using log-linear Poisson regression. Ratios of the incidence
of breast cancer in women with MS to that in women without MS
served as measure of the relative risk (RR). Analyses were carried
out using the proc GENMOD procedure in SAS, and adjustment
was made for age (12–14,15–19,20–24 , . . . , 551), calendar
period (1968–1972, 1973–1977 , . . . , 1993–1995), parity (0, 1, 2,
3, 41) and age at delivery of the ﬁrst child (12 to 19, 20 to 24, 25
to 29, 30 to 34, 351; years).
Finally, analyses stratiﬁed by stage at diagnosis were also performed for breast cancer. Information on tumour size was obtained
from the Danish Breast Cancer Cooperative Group (DBCG).26
This register includes information of the histopathology, tumour
size and lymph node involvement in the majority (82%) of breast
cancer cases diagnosed in Denmark since 1978.27
Results
MS patients (11,817; 4,629 men and 7,188 women) that were
alive on April 1, 1968, or later were followed for cancer occurrence for an average of 13 years, yielding a total of 153,875 person- years at risk. Overall 1,037 cases of cancer were observed
among the MS patients, corresponding well with the 1,098 cancers
expected [SIR 5 0.94 (0.89–1.00)] (Table I). Cancer subtype-speciﬁc analyses revealed an increased risk of breast cancer [SIR 5
1.21 (1.06–1.40), n 5 195] and a decreased risk of cancers of the
respiratory system [SIR 5 0.63 (0.51–0.77), n 5 95], digestive
organs [SIR 5 0.80 (0.70–0.93), n 5 180] and of the male genital
organs [SIR 5 0.54 (0.36–0.80), n 5 24] (Table I). No statistically
signiﬁcantly deviating risks were seen for cancers of the central
nervous system [SIR 5 1.00 (0.70–1.43), n 5 30] or of the nasopharynx [SIR 5 1.97 (0.49–7.88), n 5 2] (Table I). As reported
previously, we found no increased risk of haematopoietic and lymphatic cancers in the cohort.17
Men with MS were at statistically signiﬁcantly reduced risk of
cancer overall (SIR 5 0.84 (0.76–0.93), n 5 361], reﬂecting low
risk of cancers of the digestive and respiratory systems and the
genital organs (Table I).
No unusual overall cancer risk was observed in women with
MS. However, increased risks of breast cancer [SIR 5 1.21 (1.05–
1.39), n 5 193] and of nasopharyngeal cancer [SIR 5 5.02 (1.26–
20.09), n 5 2] were noted. Neither age nor time since MS diagno-

sis inﬂuenced the breast cancer risk estimates (data not shown).
Interestingly, women with MS had a 34% reduced risk of ovarian
cancers [SIR 5 0.66 (0.44–1.00), n 5 23] (Table I).
Overall the risk of bladder cancer was not statistically signiﬁcantly increased [SIR 5 1.19 (0.93–1.51], n 5 66). Because of
earlier reports of an association between MS and bladder cancer,
we examined the signiﬁcance of age at and time since MS diagnosis. No clear patterns in the variation were observed. Thus, being
diagnosed with MS from the age of 30 to 39 years was associated
with an increased risk of bladder cancer in women [SIR 5 2.69
(1.53–4.73), n 5 12] but not in men. Likewise female MS patients
had an increased risk of bladder cancer more than 10 years after
MS onset [SIR 5 1.58 (1.04–2.40), n 5 22], whereas in men the
risk of bladder cancer was increased 1 to 9 years after MS diagnosis [SIR 5 2.09 (1.23–3.52), n 5 14] (Table II).
Breast cancer-speciﬁc analyses
Information on reproductive history was available for all Danish
women born since April 1, 1935 (n 5 1,517,655). Of the total of
7,188 female MS-patients, who were followed in the present
study, 3,318 were born since April 1, 1935. The analyses showed
a 1.6-fold increased risk of breast cancer in women with MS [RR 5
1.56 (1.19–2.06), n 5 51)] (Table III). Adjustment for parity and
age at delivery of ﬁrst child did not change this estimate [RR 5
1.54 (1.17–2.03)] (Table III).
Analyses including information on tumour size at time of diagnosis (available for 38,798 women diagnosed with breast cancer
from 1978 to 1997 between the ages 35 and 70 years, including
102 women with MS) showed MS patients to have larger tumours
at diagnosis than other women. Accordingly 27%, 57% and 16%
of the women with MS were diagnosed with tumours measuring
<1, 2–4 and 51 cm, respectively, as compared to 39%, 50% and
11%, respectively, in women without MS (Cochran-MantelHaenszel test p < 0.05, adjusted for age; 35–49 years, 50–
70 years).
Discussion
Overall, we found no evidence of an increased risk of cancer
after a diagnosis of MS. In fact, men with MS had a slightly but
statistically signiﬁcantly reduced risk of cancer, whereas no
unusual cancer risk was seen in women with MS.
Previous studies have focused on the possible associations
between MS and CNS tumours,16,18 bladder cancers,16 cancers of
the haematopoitic and lymphatic system,12–14 breast cancers15,16
and nasopharyngeal cancers.16 In our study, the observed number
of CNS tumours, bladder cancers and haematopoietic-lymphatic
malignancies did not exceed the expected. We did., however,
observed an increased risk of breast cancer in female MS patients
and interestingly a reduced risk of cancers of the digestive, respiratory and genital organs among male MS patients.
We cannot rule out that our ﬁndings could be due to chance.
However, we speculate that they may result from special circumstances and changed living conditions following MS such as medication, hormones and lifestyle-related risk phenomena including
smoking, nutritional habits, reproductive factors and socioeconomic status.
MS patients are exposed to many different kinds and combinations of drugs. Several epidemiologic studies have suggested that
long-term users of NSAIDs (Non-Steroidal Anti-Inﬂammatory
Drugs) have a lower risk of colorectal cancers compared to nonusers.28–30 Although observations are less compelling NSAIDs may
also have a protective effect against certain non-gastrointestinal
cancer such as cancers of the lung,31 prostate,32 breast31,33,34 and
ovary.29,35 The suggested inverse association between NSAIDs
usage and cancer risk is compatible with the reduced risk of cancers of the digestive, respiratory and genital organs observed in
the present investigation but not with the increased risk of breast
cancer. Other kinds of medications such as hormone therapy
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5
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Men and women

1098.2
21.35
1.01
223.66
151.64
160.51
44.86
37.67
5.77
115.32
36.05
37.74
34.66
83.86
28.39
55.47
168.64
27.59
141.05
2.66
29.97
58.44
21.63
4.29
21.63
37.29

Exp

0.94 (0.89–1.00)
0.94 (0.60–1.45)
1.97 (0.49–7.88)
0.80 (0.70–0.93)
0.63 (0.51–0.77)
1.21 (1.06–1.40)
0.54 (0.36–0.80)
0.53 (0.34–0.82)
0.69 (0.26–1.85)
0.87 (0.71–1.05)
1.11 (0.81–1.51)
0.87 (0.62–1.23)
0.66 (0.44–1.00)
1.14 (0.94–1.40)
1.06 (0.74–1.51)
1.19 (0.93–1.51)
1.13 (0.98–1.30)
1.05 (0.73–1.51)
1.14 (0.98–1.33)
1.88 (0.78–4.51)
1.00 (0.70–1.43)
1.04 (0.81–1.34)
0.92 (0.60–1.43)
1.40 (0.63–3.12)
1.25 (0.86–1.82)
1.10 (0.81–1.49)

SIR (95% CI)

Endocrine glands, bone, connective tissue, secondary and unspeciﬁed sites.

1

All cancers
Buccal cavity
Nasopharynx
Digestive organs
Respiratory organs
Breast
Male genital organs
Prostate
Testis
Female genital organs
Cervix Uteri
Corpus Uteri
Ovary
Urinary organs
Kidney
Bladder
Skin
Melanoma
Other skin cancers
Eye
Brain and nervous system
Lymphatic and haem. tissue
Non-Hodgkins lymphoma
Hodgkin’s disease
Leukaemia
Others1

Obs

361
13
0
75
51
2
24
20
4
—
—
—
—
56
14
42
80
10
70
3
8
28
7
3
15
21

Obs

430.95
13.60
0.62
100.68
94.27
0.68
44.86
37.67
5.77
—
—
—
—
52.21
14.02
38.19
70.07
9.16
60.90
1.14
11.71
27.51
9.42
2.33
10.74
14.22

Exp

Men

0.84 (0.76–0.93)
0.96 (0.56–1.65)
—
0.74 (0.59–0.93)
0.54 (0.41–0.71)
2.95 (0.74–11.8)
0.54 (0.36–0.80)
0.53 (0.34–0.82)
0.69 (0.26–1.85)
—
—
—
—
1.07 (0.83–1.39)
1.00 (0.59–1.69)
1.10 (0.81–1.49)
1.14 (0.92–1.42)
1.09 (0.59–2.03)
1.15 (0.91–1.45)
2.64 (0.85–8.19)
0.68 (0.34–1.37)
1.02 (0.70–1.47)
0.74 (0.35–1.56)
1.29 (0.41–3.99)
1.40 (0.84–2.32)
1.48 (0.96–2.25)

SIR (95% CI)

676
7
2
105
44
193
—
—
—
100
40
33
23
40
16
24
110
19
91
2
22
33
13
3
12
20

Obs

667.22
7.76
0.40
122.98
57.38
159.83
—
—
—
115.32
36.05
37.74
34.66
31.65
14.37
17.28
98.57
18.43
80.15
1.53
18.26
30.93
12.20
1.95
10.90
23.01

Exp

Women

1.01 (0.94–1.09)
0.90 (0.43–1.89)
5.02 (1.26–20.09)
0.85 (0.71–1.03)
0.77 (0.57–1.03)
1.21 (1.05–1.39)
—
—
—
0.87 (0.71–1.05)
1.11 (0.81–1.51)
0.87 (0.62–1.23)
0.66 (0.44–1.00)
1.26 (0.93–1.72)
1.11 (0.68–1.82)
1.39 (0.93–2.07)
1.12 (0.93–1.35)
1.03 (0.66–1.62)
1.14 (0.92–1.39)
1.31 (0.33–5.24)
1.20 (0.79–1.83)
1.07 (0.76–1.50)
1.07 (0.62–1.83)
1.54 (0.50–4.76)
1.10 (0.63–1.94)
0.87 (0.56–1.35)

SIR (95% CI)

TABLE I – OBSERVED AND EXPECTED NUMBER OF CANCERS AND STANDARDISED INCIDENCE RATIOS IN A COHORT OF MS PATIENTS, BY SEX AND ANATOMICAL SITES
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TABLE II – OBSERVED AND EXPECTED NUMBER OF BLADDER CANCER IN A COHORT OF MS PATIENTS ACCORDING TO SEX, AGE AT MS
DIAGNOSIS, TIME SINCE MS DIAGNOSIS AND PERIOD OF BLADDER CANCER DIAGNOSIS
Male

Female

Obs

Exp

SIR (95% CI)

Obs

Exp

Age at MS diagnosis
<30 years
30–39 years
40–49 years
501 years

4
13
15
10

4.54
10.39
13.35
9.91

0.88 (0.33–2.35)
1.25 (0.73–2.15)
1.12 (0.68–1.86)
1.01 (0.54–1.88)

Time since MS diagnosis
0–11 months
1–4 years
5–9 years
101 years

0
6
8
28

0.56
2.65
4.06
30.91

Period of cancer diagnosis
1968–1977
1978–1987
1988–1997

13
19
10

8.18
12.97
17.20

SIR (95% CI)

g

p 5 0.9

4
12
5
3

2.42
4.47
5.90
4.49

1.65 (0.62–4.40)
2.69 (1.53–4.73)
0.85 (0.35–2.04)
0.67 (0.22–2.07)

—
2.26 (1.02–5.03)
1.97 (0.99–3.94)
0.91 (0.63–1.31)

g

p 5 0.07

0
0
2
22

0.27
1.25
1.83
13.93

—
—
1.10 (0.27–4.38)
1.58 (1.04–2.40)

1.59 (0.92–2.74)
1.46 (0.93–2.30)
0.58 (0.31–1.08)

g

p < 0.05

4
8
12

3.22
5.59
8.52

1.24 (0.47–3.31)
1.43 (0.72–2.86)
1.41 (0.80–2.48)

g

p < 0.05

g

p 5 0.2

g

p 5 0.97

TABLE III – ADJUSTED RELATIVE RISK (RR) OF BREAST CANCER IN WOMEN WITH A HISTORY OF MS (n 5 3,318) AND INFORMATION ABOUT PARITY
Number of cancers

RR (95% CI)1

Test for homogeneity

51
14,682

1.56 (1.19–2.06)
1

p 5 0.003

1.54 (1.17–2.03)
1

p 5 0.004

Age at MS diagnosis
<30 years
30–39 years
40–49 years
501 years
No MS

17
17
14
3

2.07 (1.29–3.33)
1.35 (0.84–2.18)
1.40 (0.83–2.36)
1.65 (0.53–5.12)
1.00

p 5 0.03

1.99 (1.24–3.21)
1.35 (0.84–2.17)
1.38 (0.81–2.32)
1.64 (0.53–5.10)
1.00

p 5 0.04

Time since MS diagnosis
0–11 months
1–4 years
5–9 years
101 years
No MS

5
12
10
24

2.34 (0.97–5.62)
1.52 (0.86–2.67)
1.23 (0.66–2.28)
1.67 (1.12–2.49)
1.00

p 5 0.04

2.32 (0.97–5.57)
1.51 (0.85–2.65)
1.22 (0.65–2.26)
1.62 (1.09–2.42)
1.00

p 5 0.05

Total
History of MS
No MS

RR (95% CI)2

Test for homogeneity

1

Adjusted for woman’s age, and calendar period.–2Adjusted for parity, age at ﬁrst birth, woman’s age, and calendar period.

might, however, contribute to the latter observation.36–40 Also,
long-term usage of oral contraceptives would be compatible with
the observed reduced risk of ovarian cancer.41
MS patients in Denmark are recommended a diet rich in fruit
and vegetables, and sparse in animal fat,42 factors which might
have a preventive effect on several cancer types.43 In addition,
smoking has been suggested to aggravate MS symptoms.44 Thus,
a decreased risk of cancers of the respiratory system could be
associated with smoking abstinence and a cancer protective diet
among MS patients.
Reproductive factors are known to be associated with the risk of
breast cancer.45 A chronic condition such as MS could affect parity both before and after diagnosis. Indeed, women with MS have
historically been recommended not to become pregnant due to the
belief that this might aggravate the course of the disease.46 Supplementary analyses showed that neither reduced parity nor
delayed ﬁrst child birth could account for the presently observed
increased breast cancer risk.
MS is considered to be more frequent in populations of high
socioeconomic status,12 also believed to be afﬂicted by increased
risk of breast cancer,47,48 prostate cancer49 and colon cancer.50 A
recent study found no evidence of a socioeconomic gradient in the
occurrence of MS in the Danish population51 and accordingly, we
believe that uncontrolled confounding from factors related to socioeconomic status are unlikely to explain the observed cancer proﬁle in MS patients.
Compared to the general population most MS patients will be in
closer and more regular contact with general practitioners, hospi-

tals or outpatient clinics, raising the possibility of surveillance bias
as explanation for the increased risk of breast cancer. Data from
the Danish Breast Cancer Cooperative Group showed, however,
that size of the breast tumour at time of diagnosis was larger for
women with MS than for other women, suggesting that surveillance bias does not explain our ﬁndings.
While we consider it unlikely to account entirely for the
observed cancer pattern in the MS cohort, we cannot rule out that
diagnostic neglect by the public health care system may have
resulted in an underestimation of the number of cancers occurring
in the patients. The observation of a larger size of breast cancer
tumour at the time of diagnosis in women with MS compared to
women without MS would be compatible with such a mechanism.
It has recently been hypothesised that solar radiation protects
against MS.52,53 Under this hypothesis, MS patients should be at
reduced risk of skin cancer. In our study, no such decreased risk of
skin cancer was observed, rendering little support for a strong role
of UV-light in MS development.
Finally, female MS patients were at increased risk of nasopharyngeal cancers (NPC). Although Epstein-Barr Virus has been
implicated in both NPC54 and MS,55 our observation is based on 2
cases only, and should be interpreted accordingly.
In present nationwide cohort study, we used unique and compatible population-based Danish registers of MS and cancer,
together with the Danish Civil Registration System. Both disease
registers are characterised by high degrees of validity, completeness and long existence (more than 40 years).6,20,24 Thus, there is
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little evidence to suggest that our ﬁndings should be explained by
methodological factors related to the study design.
Based on established disease registers, however, we had no
access to individual information on potential risk factors such as medication, smoking and diet. Thus we can only examine associations
between MS and certain cancer forms and not whether these associations are causal or merely due to confounding by the above factors.
Overall, our study suggests that MS patients are not at increased risk of cancer. Rather for several types of cancer statis-

tically signiﬁcantly reduced risks were observed. The small increased risk of breast cancer in women with MS, consistent
with previous observations, remains unexplained and warrants
further attention.
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