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Abstract Recent studies documented an increased risk

of neoplasm in patients with myotonic dystrophies (DM).

Yet, none of these studies evaluated the contribution of

common cancer risk factors in such observation. In this

study, we included a cohort of patients (n = 255) with an

established molecular diagnosis of DM type 1 (DM1), and

who receives their treatment in one of the four centers

with recognized expertise in neuromuscular disorders in

Rome. We estimated the prevalence of benign and

malignant tumors, and assessed if lifestyle factors and/or

specific disease features would be associated to their

occurrence. Overall, 59 benign tumors in 54 patients and

19 malignant tumors in 17 patients were diagnosed. The

most common malignant neoplasms were cancers of the

skin (31.6 %), thyroid (21.0 %), ovary (10.5 %), and

breast (10.5 %). Uterine fibroid was the most common

benign tumor (37.6 %) in women, while pilomatricoma

was the most common in men (28.6 %). Age at enroll-

ment (OR = 1.02, 95 % CI 1.00–1.05), and female gen-

der (OR = 5.71, 95 % CI 2.90–11.22) were associated

with tumor development in DM1 patients, while thyroid

disorders was associated with malignant tumors only in

women (OR = 5.12, 95 % CI 1.35–19.37). There was no

association between tumor development and evaluated

lifestyle factors. In conclusion, the lack of association

between common cancer risk factors and tumor devel-

opment in DM1 support a pathogenic link between tumors

and DM1 itself, emphasizing the need for a systematic

surveillance. Our observation of an association between

thyroid diseases in women and cancer development needs

confirmation.
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Introduction

Myotonic dystrophy type 1 (DM1), also known as Stein-

ert’s disease (OMIM #160900), and myotonic dystrophy

type 2 (DM2) (OMIM #6026668) are dominantly inherited

multisystem neuromuscular disorders, variably affecting

the skeletal muscle, heart, eye, smooth muscle, endocrine,

and central nervous system [1, 2]. Both disorders are

caused by the pathological expansion of an unstable nu-

cleotide repeat located in non-coding regions of their
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respective genes (CTG repeats in the 30 UTR of DMPK, on

chr 19q in DM1, and CCTG repeat in intron 1 of CNBP in

DM2) [1, 2].

In the past, several case reports emphasized the occur-

rence of certain tumors in patients with DM like piloma-

tricoma, a rare benign calcifying cutaneous neoplasm

derived from hair matrix cells [3–6]. More recently, few

epidemiological studies provided evidence of an increased

risk of certain malignant neoplasms among DM patients

[7–9]; specifically, cancers of thyroid, melanoma, endo-

metrium, brain, ovary and colon cancer. A cross-sectional

study using data collected from DM patients at enrollment

to the U.S. Registry of Myotonic Dystrophy and

Facioscapulohumeral Dystrophy Patients and Family

Members, found that female patients or those having DM1

disease subtype were more likely to report having a history

of tumor [10]. Additionally, this study reported that DNA

repeat expansion size was not associated with tumor

development in either DM1 or DM2 [10]. Another report

from a hospital-based study including 109 DM1 patients

showed similar results [9]. To our knowledge, the possible

contribution of patients’ lifestyle factors to the observed

excess risk of cancers has not been assessed.

In this study, we assessed the prevalence of both benign

and malignant tumors in a cohort of molecularly well-

characterized Italian DM1 patients, and evaluated the role

of common lifestyle factors and DM1 related clinical

manifestations in tumor development.

Methods

Study population

All genetically confirmed DM1 patients who were

[18 years and under active follow-up between January

and December 2013 in one of the four main DM treating

hospitals in Rome (Policlinico Gemelli, Policlinico Tor

Vergata, Azienda Ospedaliera San Camillo, and Azienda

Ospedaliera Sant’Andrea) were invited to participate in an

in-person or telephone interview (n = 274). The method

used for the molecular diagnosis of DM1 by n(CTG) repeat

expansion for those patients are described elsewhere [11].

Eight patients did not consent to participate and eleven

were excluded due to the lack of detailed medical infor-

mation, resulting in a total of 255 DM1 patients included in

this study. The study was conducted upon Hospital Review

Boards approvals.

All interviews were conducted by a trained physician

who filled a structured questionnaire including patient

demographics, height and weight, smoking history, alcohol

consumption, employment history, and patient history of

benign or malignant tumors (questionnaire is included in

supplementary data). A medical record and histology report

review was conducted to confirm self-reporting tumor

history. In addition, we extracted the following from

patient record: age at DM onset, size of n(CTG) repeats in

leukocytes, disease duration and selected extra-neurologi-

cal manifestations of DM1 (type 2 diabetes and thyroid

dysfunction). Patients with malignant tumors were asked to

recall their lifestyle habit 12 months before cancer diag-

nosis or symptoms’ presentation.

Statistical analysis

For univariate analyses, we used Kruskal–Wallis test for

continuous variables, and Chi- square or Fisher’s exact test

for categorical variables comparing three categories of

patients (those with no history of tumors, history of benign

tumors only, and those with at least one malignant tumor).

For multivariable analysis, we calculated odds ratios (ORs)

and 95 % confidence intervals (CIs) of lifestyle and clinical

factors adjusting for gender, age, and history of thyroid

disease. We categorized the size of CTG trinucleotide

repeat expansions into four subgroups: E1 if repeat size

\150, E2 C 150\ 1000 repeats, E3 C 1000\ 1500

repeats, and E4 C 1500 repeats, similar to our previous

strategy [12, 13].

Statistical analyses were performed using Stata software

(StataCorp. 2013. Stata Statistical Software: Release 13.

College Station, StataCorp LP, TX). All statistical tests

were two-sided, and p values\0.05 were considered sta-

tistically significant.

Results

The demographic and clinical data of the study participants

are reported in Table 1. The study included 146 men

(57.2 %) and 109 women (42.8 %); approximately 70 % of

the patients were diagnosed at age younger than 29 years,

and about 70 % had an E2 or E3 range of expansion size.

The study included nine patients with congenital DM; all

diagnosed before age 15 years. Myotonia (70 %) was the

initial symptoms in most of the patients diagnosed between

age 15–44 years followed by distal muscle weakness

(15 %), bulbar symptoms (5–7 % of patients), and early

onset cataract (8–10 %); while myotonia and cataract were

the most common initial symptom in older patients.

Approximately one-fourth of the patients (n = 63,

24.7 %) reported a history of benign and/or malignant

tumor (46 patients had benign tumors only, nine patients

had malignant tumors only, and eight patients had both). In

comparison with the age-matched general Italian popula-

tion [14], we found a high prevalence of malignant tumors

among DM1 patients (3.2 vs. 6.7 %, respectively).
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The most commonly reported malignant neoplasms

were cancers of the skin (n = 6/19; 31.6 %), thyroid

(n = 4/19; 21.0 %), ovary (n = 2/19; 10.5 %), and breast

(n = 2/19; 10.5 %). On the other hand, uterine fibroid was

the most commonly reported benign tumor (n = 41/59) in

women, while benign skin-specifically pilomatricoma-

represented the most common benign tumor (n = 2/9) in

the male patients (Table 2).

In univariate analysis comparing three categories of DM1

patients (those with benign tumors only, any malignant

tumors vs. no tumors) (Table 3), women were more likely to

have a history of benign (n = 35/109, 32.1 %vs. n = 11/146,

7.5 %, p\0.001) or malignant tumors (n = 12/109, 11.0 %

vs. n = 5/146, 3.4 %, p = 0.016). Older age (p\ 0.05), or

having a history of thyroid disease (p\ 0.01)—including

multinodular goiter or hypothyroidism—were statistically

Table 1 Demographic, clinical

and molecular features of 255

myotonic dystrophy 1 (DM1)

patients

n %

Female 109 42.8

Age (years)

\30 32 12.6

30–39 47 18.4

40–49 89 34.9

50–59 51 20.0

[60 36 14.1

Missing 0 0.0

Age at initial DM1 symptoms (years)

\15 61 26.9

15–29 96 42.3

30–44 57 25.1

[45 13 5.7

Missing 28 11.0

Body-mass index

Underweight 5 2.1

Normal range 119 48.8

Overweight 73 29.9

Obese 47 19.3

Missing 11 4.3

Triplet expansion

E1 44 19.1

E2 95 41.1

E3 61 26.4

E4 31 13.4

Missing 24 9.4

History of cancer

No tumor 192 75.3

Malignant tumors 17 6.7

Patients with 1 malignant tumor 8 3.1

Patients with 2 malignant tumors 1 0.4

Patients with 1 malignant tumor and 1 benign tumor 7 2.7

Patients with 2 malignant tumors and 1 benign tumor 1 0.4

Benign tumors 54 21.2

Patients with 1 benign tumor 41 16.1

Patients with 2 benign tumors 5 2.0

Patients with 1 malignant tumor and 1 benign tumor 7 2.7

Patients with 1 benign tumor and 2 malignant tumorsa 1 0.4

Missing 0 0.0

a 7 patients with 1 malignant tumor and 1 benign tumor, and 1 patient with 2 malignant tumors and 1

benign tumor, were included in both groups: malignant tumors and benign tumors
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significantly associated with patient tumor history. On the

other hand, there was no statistically significant difference in

smoking history or alcohol consumption between the three

groups. Similarly, there were no statistical significant differ-

ences associated with the size of tri-nucleotide repeat

expansion, disease duration, type 2 diabetes or body-mass

index.

Multivariable model comparing patients with any tumor

to those without showed that female gender (OR 5.71,

95 % CI 2.90–11.22) and age at enrollment (OR 1.02,

95 % CI 1.00–1.05) were the only statistically significant

factors associated with patient tumor history (Table 4). In

analysis stratified on gender and malignancies only, having

a history of thyroid disease resulted associated with

increased risk of malignant tumors in women (OR 5.12, CI

95 % 1.35–19.37), whereas given the small number avail-

able in this analysis OR and CI were not calculable in men.

Discussion

Elevated cancer risk in DM1 patients is relatively new

observation for which clinical and molecular risk factors

are still unclear. In agreement with literature data [7–9], we

also found a higher prevalence of malignant tumors among

DM1 patients in comparison with our reference age-mat-

ched Italian population [14].

Additionally, we confirm the previously reported associ-

ation between tumor history in patients with DM1 and both

patient older age, and female gender [9, 10]. The association

between patient age and tumor development may suggest

that DM tumors develop in patients with milder phenotype;

however, it is important to note that DM patients with severe

phenotype suffer competing mortality that may obscure their

true cancer risk. The effect of non-cancer competing mor-

tality on cancer burden in DM patients has been discussed in

a previous study [15]. Malignancies of the skin and thyroid,

followed by that affecting the female reproductive organs

(breast and ovary) were the most common in our cohort.

While uterine fibroids in DM1 female patients showed a

higher frequency (37.6 %) than expected based on published

literature (25 %) [16].

Notably, tumor development in our DM1 population

was not related to exposure to common lifestyle risk factors

including alcohol consumption, smoking, and obesity, or to

common clinical phenotype such as diabetes. Our findings

together with results from cancer risk in relatives of DM

patients [17] support a causal relationship between tumor

development in DM1 patients and the underlying genetic

defect of the disease.

Table 2 Malignant and benign tumors in 255 myotonic dystrophy 1 patients

Totala Male Female

Malignant

tumors

Benign

tumors

Total Malignant

tumors

Benign

tumors

Total Malignant

tumors

Benign

tumors

Total

Uterus 1 41 42 0 0 0 1 41 42

Skin 6 2 8 3 2 5 3 0 3

Thyroid 4 1 5 1 1 2 3 0 3

Ovary 2 2 4 0 0 0 2 2 4

Breast 2 1 3 0 0 0 2 1 3

Meningiomas 0 2 2 0 0 0 0 2 2

Parotid gland 0 3 3 0 1 1 0 2 2

Angioma 0 1 1 0 1 1 0 0 0

Bone 0 1 1 0 0 0 0 1 1

Colon 0 1 1 0 1 1 0 0 0

Gallbladder 0 1 1 0 0 0 0 1 1

Lipoma 0 1 1 0 1 1 0 0 0

Liver 0 1 1 0 1 1 0 0 0

Lung 1 0 1 1 0 1 0 0 0

Lymphoma 1 0 1 0 0 0 1 0 1

Multiple

myeloma

1 0 1 0 0 0 1 0 1

Kidney 1 0 1 0 0 0 1 0 1

Thymus gland 0 1 1 0 1 1 0 0 0

Total 19 59 78 5 9 14 14 50 64

a 19 malignant tumours in 17 patients and 59 benign tumors in 54 patients

J Neurol (2016) 263:492–498 495

123



Similar to previous reports [9, 10], we did not find an

association between leukocyte n(CTG) repeat size or dis-

ease duration and tumor development in our cohort. The

lack of correlation between neoplasm development and

n(CTG) repeat size is not surprising, since, except for age

at onset of symptoms, the correlations between leukocyte

repeat size and disease severity are not highly robust pos-

sibly due to the somatic mosaicism in DM1 patients [18,

19]. In this regard, the comparison between tumor and

normal tissues from the same DM1 patients may clarify the

contribution of somatic instability in the pathogenesis of

tumors in DM1.

In our cohort, few cases of pilomatricoma (n = 2) were

observed; however, pilomatricoma was the most common

tumor in male patients. It has been proposed that CUGBP

or MBNL1 dysregulation occurring in DM1 tissues might

affect also Wnt signalling and regulation of beta catenin

contributing to skin tumors, and possibly others, in myo-

tonic dystrophies [20]. Our data did not support the pos-

sibility that aberrant expression of the insulin receptor (IR),

with predominant expression of the IR-A isoform docu-

mented in DM1 tissues [21] could also play a role in tumor

development in DM1 patients, since we found no associ-

ation between patient history of diabetes and neoplasms. IR

isoform is emerging as an important mechanism of normal

and cancer stem cell and is a feature of several malig-

nancies [22].

Our observation of a significant association between

thyroid diseases (multinodular, non-toxic goiter) and

malignant tumors in DM1 female patients is novel and may

be of clinical importance, although it needs to be further

confirmed by a larger study. A possible explanation for this

finding could be represented by dysregulation of specific

miRNAs recently documented in DM1 [23]. Such dysreg-

ulation has been associated with the pathogenesis of sev-

eral neoplasms [24], including thyroid tumors [25].

Alternatively, the association between thyroid disorders

and malignancies affecting the female reproductive organs

could be related to the known endocrine system dysfunc-

tion in DM1 patients [1, 2]. Indeed, the endocrine dys-

function occurring in DM1 might cause imbalances in sex

hormones, known risk factors for tumors affecting repro-

ductive tissues [26–28]. So far, the only study extensively

assessing endocrine function in a cohort of DM1 patients

[29], including 48 women, documented hyperprolactine in

only 2 % of female patients, whereas studies of the gonadal

abnormalities in women were difficult to interpret because

of the menarche cycle, and because testing of FSH, LH and

estrogens was done at different stages of the female cycle

[30]. Increased lifetime exposure to estrogens might also

Table 3 Clinical, molecular and demographic features of 255 myotonic dystrophy 1 patients, with and with tumor by selected covariates

Without tumor (n = 192) Benign tumors (n = 46) Malignant tumors (n = 17)a p value

Female 62 (32.3 %) 35 (76.1 %) 12 (70.6 %) \0.001b,c

Age (years) 44.4 (±14.0) 48.2 (±10.1) 50.6 (±12.9) \0.05

Body-mass index 25.4 (±4.2) 26.7 (±7.7) 25.4 (±5.2) 0.96

Smoking status

Never smoker 110 (58.2 %) 22 (48.9 %) 10 (58.8 %) 0.52

Ever smoker 79 (41.8 %) 26 (51.1 %) 7 (41.2 %)

Alcohol consumption

Never drinker 89 (47.1 %) 23 (50.0 %) 5 (29.4 %) 0.32

Ever drinker 100 (52.9 %) 23 (50.0 %) 12 (70.6 %)

Clinical features of DM1

History of diabetes 17 (9.0 %) 5 (11.1 %) 1 (5.9 %) 0.86

History of thyroid disorder 35 (18.4 %) 15 (34.1 %) 8 (47.1 %) \0.01b

Disease duration (years) 23.3 (±12.5) 25.1 (±13.3) 22.1 (±10.8) 0.75

Class of CTG expansion

E1 32 (18.5 %) 8 (19.1 %) 4 (25.0 %) 0.41

E2 74 (42.8 %) 13 (30.9 %) 8 (50.0 %)

E3 45 (26.0 %) 12 (28.6 %) 4 (25.0 %)

E4 22 (12.7 %) 9 (21.4 %) 0 (0.0 %)

Values are expressed as mean (standard deviation) or percentage
a 7 patients with one malignant tumor and one benign tumor, and one patient with two malignant tumors and one benign tumor, were included in

malignant tumors group
b Significant difference between patients without tumor and patients with malignant tumor
c Significant difference between patients without tumor and patients with benign tumor
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arise in DM1 women from a lower delivery rate [28],

related to reduced fertility likely due to a poorer ovarian

reserve rather than hypogonadism [29]. Finally, age at

menarche, oral contraceptive use and polycystic ovary

might also be responsible of increased lifetime exposure to

estrogens [26–28]. Thus, for future epidemiologic studies,

an assessment of the above-mentioned factors is essential

to elucidate their role in tumorigenesis of reproductive

tissues in DM1 women.

In interpreting the results, we acknowledge some limi-

tations in our study design. First, we were unable to

directly compare cancer incidence in our cohort to that of

the general Italian population since national cancer registry

is still under establishment in Italy. Instead, we compared

our results to published estimates of cancer prevalence in

Italy.

Nevertheless, although performed on a small sample of

patients compared with previous reports [7–9], our epi-

demiologic study included a detailed assessment of

patients’ exposure to most common life-style cancer risk

factors, and medical record reviews for clinical and

molecular information.

In conclusion, our findings confirm an increased risk of

tumors in DM1, and rule out the possibility that this

observation is confounded by life-habits. This reinforces a

direct contribution of the underlying genetic defect in DM1

in tumor phenotype in those patients. We recommend

including cancer clinical surveillance particularly among

DM1 women to patient clinical care. This may be partic-

ularly important in those affected by thyroid disorders, an

observation that needs to be confirmed. Additional sys-

tematic molecular and genetic studies regarding neoplasm

in DM1 are needed to better understand the patho-mecha-

nism of tumorigenesis and guide clinical care in those

patients.
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Table 4 Odds ratio (95 % CI)

for tumor (n=63) by

demographic, clinical, and

molecular features of 255

myotonic dystrophy 1 patients

OR (95 % CI) OR adjusted (95 % CI)

Gender

Men 1.00 1.00

Women 6.16 (3.24–11.71) 5.71 (2.90–11.22)

Age (years) 1.02 (1.00–1.05) 1.02 (1.00–1.05)

Body-mass index 1.03 (0.98–1.09) 1.03 (0.96–1.09)

Smoking status

Never 1.00 1.00

Ever 1.30 (0.73–2.32) 1.60 (0.81–3.16)

Alcohol consumption

Never 1.00 1.00

Ever 1.11 (0.63–1.97) 1.78 (0.89–3.53)

Clinical features of DM1

History of diabetes

No 1.00 1.00

Yes 1.09 (0.41–2.90) 0.61 (0.19–1.99)

History of thyroid disorder

No 1.00 1.00

Yes 2.68 (1.42–5.06) 1.66 (0.82–3.32)

Disease duration (years) 1.01 (0.98–1.03) 0.98 (0.96–1.01)

Class of CTG expansion

E1 1.00 1.00

E2 0.76 (0.33–1.72) 0.81 (0.32–2.07)

E3 0.95 (0.39–2.27) 0.86 (0.32–2.29)

E4 1.09 (0.39–3.03) 0.77 (0.25–2.43)

OR adjusted by gender, age and history of thyroid disorder
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