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Purpose: Neurofibromatosis 1 (NF1) is an autosomal dominant
condition caused by pathogenic variants of the NF1 gene. A
markedly increased risk of breast cancer is associated with NF1. We
have determined the breast cancer survival and risk of contralateral
breast cancer in NF1.

Methods: We included 142 women with NF1 and breast cancer
from five cohorts in Europe and 335 women without NF1 screened
for other familial breast cancers. Risk of contralateral breast cancer
and death were assessed by Kaplan–Meier analysis with delayed entry.

Results: One hundred forty-two women with NF1 were diagnosed
for breast cancer at a median age of 46.9 years (range 27.0–84.3
years) and then followed up for 1235 person-years (mean= 8.70
years). Twelve women had contralateral breast cancer with a rate of
10.5 per 1000 years. Cumulative risk for contralateral breast cancer
was 26.5% in 20 years. Five and 10-year all-cause survival was

64.9% (95% confidence interval [CI]= 54.8–76.8) and 49.8% (95%
CI= 39.3–63.0). Breast cancer–specific 10-year survival was 64.2%
(95% CI= 53.5–77.0%) compared with 91.2% (95% CI=
87.3–95.2%) in the non-NF1 age-matched population at increased
risk of breast cancer.

Conclusion: Women with NF1 have a substantial contralateral
breast cancer incidence and poor survival. Early start of breast
cancer screening may be a way to improve the survival.
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INTRODUCTION
Neurofibromatosis 1 (NF1; OMIM 162200), is an autosomal
dominant tumor predisposition syndrome with a birth
incidence of 1 in 1900–3000 and prevalence of around 1 in
2000–4000.1,2 NF1 demonstrates complete penetrance for
the characteristic lesions but significant variability in
clinical phenotype due to differences in the site and type
of genetic defect in the NF1 gene and additional genetic and
environmental factors that are not well determined.3

Clinical features in individuals can be difficult to predict,
even within families, which makes genetic counseling
imprecise. Approximately 50% of cases are familial but the

remaining 50% are sporadic and due to de novo aberrations
of the NF1 gene.4

National Institutes of Health (NIH) diagnostic criteria for
NF1 require two or more of the following: café-au-lait spots,
neurofibromas (2 or more), skin fold freckling, Lisch nodules,
optic glioma, osseous lesions, or a family history of the
condition in a first-degree relative. Genetic testing of the NF1
gene has also allowed molecular diagnosis when the syndrome
is suspected: DNA analysis coupled with RNA sequencing has
high sensitivity of around 96% in both de novo and inherited
NF1.5 An associated malignancy risk has long been recorded for
malignant peripheral nerve sheath tumors (MPNSTs) in
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particular.6 Central nervous system tumors usually present
earlier in childhood and mostly comprise of low-grade pilocytic
astrocytomas of the optic radiations or brainstem. In addition to
these tumors, patients with NF1 are at a higher risk of
gastrointestinal stromal tumors (GISTs), rhabdomyosarcomas,
and pheochromocytoma.7 The link with an increased incidence
of breast cancer has been debated for the last 10–15 years but
more conclusive data have now confirmed this link.8–13

The definitive study came from Finland where population-
level data were taken from all secondary and tertiary medical
centers covering the whole of the 5.4 million Finnish population
from 1987 to 2011.7,12 Seven hundred thirty-seven women with
NF1 were identified and verified according to NIH criteria.
Carcinoma-specific survival of patients with NF1 was compared
with that of matched controls from the Finnish Cancer Registry.
Overall the lifetime risk of any cancer was 59.6% in NF1
compared with 30.8% in the general Finnish population. The
standardized incidence ratio (SIR) for breast cancer was 3.04
(95% confidence interval [CI] 2.06 to 4.31; P < 0.001) overall
and 11.1 (95% CI 5.56 to 19.5; P < 0.001) in women <40. Both
overall mortality (standardized mortality ratio [SMR] 7.23; 95%
CI 5.58 to 9.19; P < 0.001) and breast cancer–specific mortality
(SMR 5.20; 95% CI 2.38 to 9.88; P < 0.001) were increased
among women with NF1 versus controls.
With the identification of the NF1 gene as a driver in breast

cancer in the Cancer Genome Atlas (TCGA)14 we went on to
analyze TCGA data and, as with Suarez-Cabrera15 and
Wallace et al.,16 demonstrated NF1 aberrations in 33% of
breast cancers with a significant enrichment in estrogen
receptor (ER) negative and HER2 positive subtypes.12

In the majority of genetic predisposition syndromes such as
defects in BRCA1, BRCA2, TP53, CHEK2, and ATM the rate of

contralateral breast cancer is increased. A number of case
reports have recorded the presence of bilateral breast cancer in
NF1.9,10,12 However, no formal quantification of this risk has
been published. We have combined five large series of NF1
cases and assessed the risks of contralateral breast cancer in five
European countries, as well as survival after breast cancer
diagnosis.

MATERIALS AND METHODS
All patients with confirmed NF1 by NIH criteria who had
developed breast cancer were ascertained from the Finnish
population-based NF registry,2 the Manchester regional NF1
registry (UK),6,9 the Paris NF1 registry (France),17 Hamburg
neurofibromatosis clinic (Germany),18 and the Padova NF1
clinic (Italy).19 The collection of the study cohorts was approved
by Ethics Committee of the Hospital District of Southwest
Finland, Central Manchester Research Ethics Committee,
institutional review board CPP Ile‐de‐France IV, and Ethics
Committee Board in Hamburg. Informed consent was obtained
unless exempt based on the use of retrospective register data.
The patients were mainly diagnosed with NF1 based on clinical
symptoms as genetic testing has become widely available only
recently. The Manchester and Finnish populations represent
close to, or complete, ascertainment of patients with NF1 in
defined regions in North West England (population 5 million)
and all Finland (population 5 million). The other clinics are
specialized NF1 clinics nonetheless with reasonably high
ascertainment of patients with NF1. Total patient numbers in
each cohort were Finland= 1476 (770 female); Manchester=
2148 (1099 female); Paris= 1895 (1011 female), Hamburg=
2019 (1011 female), Padova= 811 (464 female) (Fig. 1). Breast
cancer diagnoses were confirmed from patient notes, histology
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Fig. 1 Patients included in the study. NF1 neurofibromatosis 1.
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reports, and cancer registry notifications. Data of last follow-up
were based on the date of death, last clinical contact, or
information from national registries. Finnish data were
censored at 31 December 2014.
Three groups of patients with breast cancer were analyzed: (1)

patients with NF1 and no screening <50 years of age, (2)
patients with NF1 and early start of screening for breast cancer,
and (3) patients without NF1 and with early start of screening
for breast cancer because of family history. Patients with NF1
and no additional screening came from Finland, Manchester,
Paris, and Hamburg. They may have participated the general
population mammography screening programs, starting at the
age of 50 years and initiated 1989–2005 depending on the
country, but they had no additional screening because of their
NF1. Those in the four cohorts with no additional breast cancer
screening were compared with the Padova clinic in which
screening with annual mammography and/or ultrasound has
been performed on all women with NF1 starting at the age of 45
years since 2009–2010.
Moreover, a non-NF1 cohort of 335 women who

developed breast cancer while undergoing annual mammo-
graphy screening aged 30–49 years and 18-monthly screen-
ing aged 50–59 years for familial breast cancer risk in
Manchester was used to demonstrate prognosis in screened
non-NF1 population.20 This family history clinic population
was identified from 12,000 women screened due to a
lifetime risk of breast cancer of ≥17% based on family
history of breast cancer. Genetic testing typically occurred
after inclusion in the cohort, thus avoiding bias toward
certain variants. In addition to screen-detected breast
cancers, all interval cancers occurring within 18 months of
a normal mammogram were included.20 There were no
women with NF1 and breast cancer in this cohort. Since the
non-NF1 cohort consists of women with familial breast
cancer risk and early start of screening, it is not intended to
serve as a control for the effect of NF1 but rather to
represent what can be achieved with screening.
In the survival analyses, death was considered as an event,

and the follow-up was censored at emigration or last
information from either registries or clinical contact. In the
calculation of the risk for contralateral breast cancer,
contralateral breast cancer was an event, and the follow-up
was censored at death, emigration, or last information on
patient status. The follow-up started at breast cancer diagnosis
or, in a second analysis to allow for potential survival bias in
those ascertained with NF1 after breast cancer, at the latter
of breast cancer or entry to NF1 cohort (delayed entry).
Cumulative risk was computed with and without the
competing risk of death. Kaplan–Meier estimates of survival
and risk were computed. The analyses were stratified by
country and tumor grade. The statistical comparisons were
based on Cox proportional hazards model and two-sided
tests. The proportional hazards assumption was met. Fisher’s
exact test was used in comparisons of tumor characteristics.
The R software version 3.3.0 (www.r-project.org) and package
survival version 2.41–3 were used for the statistical analyses.

RESULTS
One hundred forty-six patients with NF1 and breast cancer
were identified from the five cohorts (Finland= 48, Manche-
ster= 35, Padova= 27, Paris= 20, Hamburg= 16; Fig. 1).
Three cases of male breast cancer aged 40.7, 69.0, and 71.5
were not analyzed further. One female patient with NF1 and
breast cancer was excluded because of lack of information on
the end of follow-up. Thus, there were 142 women with NF1
who had their first breast cancer diagnosed at a median age of
46.9 years (range 27.0–84.3 years). There were 1235 years of
clinical follow-up from breast cancer diagnosis to death,
emigration, or last information on patient status among
women with NF1 (mean= 8.70 years, standard deviation
7.60). In the non-NF1 group, there were 2437 years of follow-
up from 335 patients (mean 7.27, standard deviation 6.89).
Twelve women with NF1 had developed contralateral breast

cancer at a median age of 53 years (range 28.5–62.8) with a
total 1141 years of follow-up from the first breast cancer to
the second breast cancer, death, emigration, or last informa-
tion on patient status in the whole cohort. This equates to a
rate of contralateral breast cancer of 10.5 per 1000 years,
comparable with the screened family history clinic patients
without NF1 (Fig. 2). Cumulative risk was 26.5% (95% CI
12.4–56.9) by 20 years in those who were alive and 15.7%
(95% CI 8.1–30.4) allowing for competing mortality. The first
tumors in those diagnosed later with a second breast cancer
were stage 1 as often as tumors in all patients of the five NF1
cohorts. While the first cancer was most often detected due to
symptoms, the contralateral tumors were diagnosed in
screening in half of the cases where information was available.
Of the 115 women with NF1 from the Finland, Manchester,

Hamburg, and Paris cohorts without screening <50 years of
age, 53 (46.1%) had died (0.28–30.6 years post–breast cancer
diagnosis), 26 from breast cancer (2/10 of the contralateral
cases), 8 from other malignancies, 4 from cardiovascular
disease, and 11 from other causes. Four died from unknown
causes. Twenty-nine deaths (25.2% of all cases, 54.7% of all
deaths) occurred within 5 years, at least 20 from breast cancer
(3 unknown). Overall 74/115 women had been diagnosed
with breast cancer after inclusion into one of the four NF1
cohorts with 41 being identified as having NF1 a median of
5.1 years afterward (range 0.1–23.2 years).
Five and 10-year all-cause survival adjusting for those

ascertained with NF1 after breast cancer diagnosis (delayed
entry) was 64.9% (95% CI 54.8–76.8) and 49.8% (95% CI
39.3–63.0) among the unscreened patients with NF1. Using
breast cancer–specific survival the 10-year survival was 64.2%
(95% CI 53.5–77.0%) and for the screened non-NF1 familial
population 91.2% (95% CI 87.3–95.2%). Kaplan–Meier
analysis is shown in Fig. 2 with both the unadjusted and
delayed entry curves provided. Tables 1 and 2 show that the
more highly ascertained Manchester and Finnish populations
showed poorer all-cause and breast cancer–specific survival.
The screened cases from Padova had significantly better
prognosis than the other four NF1 cohorts combined with
hazard ratio (HR) of 0.18 (95% CI 0.04–0.72; P= 0.016). Most
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importantly there were no breast cancer deaths in the Padova
NF1 population.
Tumor pathology for the cases included in the delayed entry

analysis is presented in Table 3. The NF1 population had
lower rates of in situ disease than the screened non-NF1
group as might be expected without mammographic screen-
ing. The invasive cancers were much less likely to be stage 1 in
the NF1 cohorts without screening than in the non-NF1
group (20.5% vs. 59.3%; P < 0.0001). There was also a higher
rate of HER2+ cancers at 24.1% among patients with NF1
versus 11.1% among patients without NF1 (P= 0.03).
Otherwise tumors in the NF1 and non-NF1 groups were well
matched for age at diagnosis, grade, and ER status. However,
of the NF1 cohorts the more highly ascertained Manchester
and Finnish populations had poorer prognosis cancers with
higher proportions of HER2+, ER−, and higher stage cancers.
Patients with NF1 and ER+ breast cancer had better survival

after a median follow-up of 6.1 years since breast cancer,
range 0.28 to 18.7 (ER+ vs. ER−, HR 2.8 (95% CI 1.2–6.8),
P= 0.022). Unscreened grade 3 cancers in women carrying
NF1 gene defects had the worst 10-year survival at 44.2%
(95% CI 29.3–66.9%). The NF1 group had worse all-cause
survival than the non-NF1 group irrespective of tumor grade
(Fig. 2d).

DISCUSSION
The present study has shown that women with NF1 and
breast cancer have a high rate of contralateral breast cancer
and is in keeping with the increased risk of a first primary
breast cancer of 4–11 fold in six cohort studies of women aged
<50 years of age.7–13 This 1.1% risk annually is about twice the
expected risk from women without familial breast cancer,21

but less than the 2% annual risk for a carrier of a pathogenic
variant in BRCA1/2.22 As such the risk for a woman with NF1
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appears intermediate between average risk and BRCA-related
risk. Indeed it is equivalent to the risk in the non-NF1 cohort,
which was predominantly women with non-BRCA familial
risk.20 The risks would appear sufficient to consider
contralateral mastectomy for prevention.22 Women with
NF1 surviving to 20 years after their first breast cancer had
a near 27% chance of a contralateral breast cancer.
Breast cancer survival in NF1 was very poor especially in

the more highly ascertained Manchester and Finnish popula-
tions. As expected higher grade and ER− status were
associated with poorer survival. Importantly the screened
women in Padova had no breast cancer–specific deaths and,
where known, had low stage tumors. In addition to
differences in screening routines, the five NF1 cohorts differ
in terms of their origin: the cohorts from Finland and
Manchester are population based whereas the Hamburg,
Padova, and Paris cohorts are from specialized clinics. The
latter may have patients with better access to health care or
greater interest in their health, and the increased surveillance
provided in these centers could also affect the prognosis.
There are also differences between the participating countries
in breast cancer screening and management. For example,
some countries initiated general population mammography
screening earlier than others.
The effects of screening women at risk of familial breast

cancer can be seen by the good survival in the Manchester
family history clinic with breast cancer–specific survival of
91% at 10 years and 89% at 20 years.20 As this population
was of a similar age, grade, and ER status as the NF1 group
of the current study (Table 3) this reflects what may be
possible with more intensive breast screening. The Man-
chester family history cohort was included to represent an
average of a population with mostly moderate risk of breast
cancer for benchmarking the survival observed in women
with NF1. However, despite group-level characteristics
similar to the women with NF1, it should be kept in mind
that the non-NF1 population with family history of breast
cancer may be relatively heterogeneous in terms of cancer
risk and tumor characteristics. Moreover, the different
breast cancer predisposing mechanisms in NF1 and in
patients with family history of breast cancer may also have
different effects on the tumor biology and treatment
resistance affecting survival. Screening with annual mam-
mography in those at familial risk aged 40–49 has been
shown likely to be beneficial.23 As a result National Institute
for Health and Care Excellence (NICE) guidance in the UK
recommends annual mammography screening aged 40–49
in those with at least moderate risk (10-year risk 3%+;
twofold relative risk).24 Guidance in North America would
suggest screening even earlier.25 A case could be made for
magnetic resonance imaging (MRI) screening, which has
proven so successful in BRCA1/2 pathogenic variant
carriers,26 with proven survival benefits.27 However, current
UK guidelines24 would not suggest that women with NF1
would qualify although they would clearly meet the risk
criteria in the United States.25,28

The long-term survival of women with NF1 post–breast
cancer diagnosis is extremely poor with 20-year (delayed
entry) survival of only 37% compared with 84% in the non-
NF1 familial population with very similar ages at diagnosis.
Although the non-NF1 population is matched on breast
cancer risk and age it does not represent what might happen
in a population with no additional screening. However, also
the 5-year survival of 64.9% observed among unscreened
patients with NF1 is markedly worse than the 5-year net
survival of 79.8–88.5% reported in the general population in
the UK, Finland, Italy, Germany, and France.29 The poor
long-term survival in women with NF1 and breast cancer may
be due to the poor overall life expectancy in NF17,18,30 and
although breast cancer deaths were relatively rare after 10
years it is possible that breast cancer treatments may have
exacerbated the known increased risks of malignancy and
cardiovascular disease, especially post-irradiation.7,18,30,31

The current study has some limitations. Tumor pathology
and receptor status were not available on all women reflecting
the over 40-year period of ascertainment. No information was
available on whether the tumors were detected in screening or
due to symptoms. In the NF1 cohorts without additional
screening, 60.0% of women were too young at cancer
diagnosis to participate in the general population screening
programs, which suggests that most of these cancers were
symptomatic at diagnosis. The non-NF1 population of family
history women was in only one country (UK), however this
was the country in which patients with NF1 had the poorest
breast cancer survival. Given the relative rarity of NF1 the
study size is large with 142 women and the contralateral risks
and poor survival are likely accurate reflections of the
prognosis for women with NF1 and breast cancer.
In conclusion the present multicenter study has shown that

women with NF1 have a substantial risk of a contralateral
breast cancer and have overall poor survival. Screening in one
clinic in Italy suggests that the better prognosis seen in
screening those at high familial risk may well substantially
improve survival in women with NF1 and breast cancer and
we recommend the inclusion of women with NF1 gene defects
in national high-risk screening protocols.
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