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Abstract
Neurofibromatosis type 1 (NF1) is a common autosomal dominant disorder associated with
increased risk for neoplasms. Two studies in the United Kingdom have indicated that women with
NF1 (particularly women under 50) may also be at increased risk of breast cancer. No such study
has been done to date in the United States. Chart review for breast cancer diagnoses was
undertaken for 126 women with NF1 followed at Johns Hopkins who were 20 years of age or
older. Four of 126 women who met eligibility criteria were diagnosed with breast cancer (3.2%
over 15 years). The unadjusted standardized incidence ratio (SIR) for breast cancer in the NF1
population between the ages of 20 and 49 was 2.68 (P=0.076, 95% CI: 0.68-7.29) based on
incidence rates of breast cancer in the general population taken from the Surveillance
Epidemiology and End Results (SEER) database. The unadjusted SIR for women with NF1 ≥50
was 0.81 (P=0.84, 95% CI: 0.041-4.01). When adjusted for race, the rate of NF1 in the general
population and time of diagnosis, the SIR was 4.41 (P=0.0049, 95% CI: 1.12-12.00) for women
<50 versus 0.94 (P=0.95, 95% CI: 0.047-4.65) for women ≥50. The trend of a higher-than-
expected number of breast cancer cases in women <50 with NF1 agrees with the prior studies
from the literature. Cumulatively, the data suggests an increased risk of breast cancer for women
with NF1 <50 years old, implying a need for closer surveillance and the establishment of
screening guidelines for this patient population.
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INTRODUCTION
Neurofibromatosis type 1 (NF1) is an autosomal dominant disorder, which has an
approximate incidence of 1 in 2500 and a prevalence of 1 in 4000 [Evans et al., 2010].
Patients with NF1 are at risk for myriad systemic manifestations resulting from the lack of
neurofibromin including: dermatologic markings, vascular disease, bone deformities and
cognitive difficulties [Montani et al., 2011; Brunetti-Pierri et al., 2008; Ardern-Holmes and
North, 2011]. Importantly, NF1 is a tumor suppressor gene, and a major concern for the
clinical care of patients with NF1 is the increased risk for neoplasms.
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The NF1 gene product, neurofibromin, stimulates the intrinsic hydrolysis of Ras-GTP to
Ras-GDP to diminish signaling through the Ras-MAPK pathway. In the absence of
neurofibromin (double inactivation by somatic NF1 mutation), the active (GTP-bound) form
of Ras drives cell proliferation [Riccardi, 2010], an important step in tumorigenesis. Benign
dermal neurofibromas are the most common tumor in NF1. Plexiform neurofibromas,
complex peripheral nerve sheath tumors, develop in roughly 30% of patients with NF1.
These often result in neurologic morbidity and on some occasions transform into aggressive
sarcomas called malignant peripheral nerve sheath tumors (MPNSTs) [Evans et al., 2002;
Huson et al., 1988]. NF1 patients are also at risk for developing low- and high-grade
gliomas and systemic malignancies including gastrointestinal stromal tumors (GISTs),
somatostatinomas, pheochromocytomas, leukemias, and breast cancer [Walker et al., 2006;
Brems et al., 2009; Evans et al., 2011].

Breast cancer has also been shown to be associated with NF1. A retrospective study from
Manchester, England, identified a cohort of 304 female patients with NF1 age 20 and older
[Sharif et al., 2007]. Compared with breast cancer rates from the general population, women
with NF1 had a 5-fold increased risk of being diagnosed with breast cancer, with the most
common type of breast cancer being infiltrating ductal carcinoma. The increased risk
appeared to be specific to women under 50 years of age [Sharif et al., 2007]. A prospective
study of cancer incidence in individuals with NF1 found that the overall risk of developing
any cancers (excluding non-melanoma skin cancers and benign tumors) was increased 6.5
fold in NF1 patients younger than 50 (standardized incidence ratio [SIR] = 6.5, P < 0.0001,
95% confidence interval [CI]: 4.1-9.8) [Walker et al., 2006]. Specifically, they found that
the risk of developing breast cancer was significantly higher in this age group (SIR = 4.0, P
= 0.037, 95% CI: 1.1-10.3). Another study that looked at mortality in NF1 found that
women with NF1 were 3.5 times more likely to die from breast cancer than women in the
general population (PMR=3.5; 95% CI, 1.3–7.7) [Evans et al., 2011]. Finally, there have
been numerous case reports in the literature of patients with NF1 who presented with ductal-
type breast carcinomas, including a male patient who was diagnosed with bilateral ductal
carcinoma at age 18 [Wilson et al., 2004]. To date, there have been no formal investigations
of the relationship between breast cancer and NF1 in the United States. The objective of this
study was to assess if the association between women with NF1 and a higher risk of breast
cancer reported in the epidemiology study in the United Kingdom (UK) was also true among
the adult women seen in the Johns Hopkins Comprehensive Neurofibromatosis Center
(JHCNC).

METHODS
Data collection

Collection of data was undertaken with approval from the Johns Hopkins Institutional
Review Boards. Patients seen between 2003-2010 at Johns Hopkins University were
identified through the JHCNC, a referral center that sees patients with NF1, NF2 and
schwannomatosis from across the United States. This study included women with a
definitive diagnosis of NF1 based on NIH criteria who were at least 20 years of age at the
time of record review [National Institutes of Health Consensus Development Conference,
1988]. Patient records were obtained from the Johns Hopkins Hospital (JHH) Electronic
Patient Record (EPR), JHH paper medical record charts, and the JHH Oncology Clinical
Information Systems (OCIS) database. Charts were primarily examined for breast cancer
diagnoses. The date of diagnosis was noted along with the date upon which the patient
established care at the JHCNC. Benign conditions such as uterine fibroids, breast cysts,
fibrocystic changes, and microcalcifications were not recorded. Tissue diagnoses were noted
whenever available.
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To explore the effect of referral bias within a tertiary referral center, a comparator group for
this study was established from the Johns Hopkins Comprehensive Marfan Center. This
group was selected for comparison because Marfan syndrome is inherited in a similar
fashion as NF1, has similar penetrance, is a medically complex syndrome and has an
established specialty center at the same institution but is not known to be associated with
any neoplasms [Shirley and Sponseller, 2009; Jondeau et al., 2011]. A similar search was
undertaken in this population to identify women with definitive Marfan syndrome aged 20
and older.

Comparison to population data
To calculate a standardized incidence ratio for breast cancer in the female NF1 population,
incidence rates of breast cancer in the general population from the Surveillance
Epidemiology and End Results (SEER) database were used for the years 1975-2007 [SEER,
2012]. Women were factored into the calculation in the year that they reached their 20th

birthday. The age group- and calendar-period specific person-years at risk were multiplied
by the incidence rate for that particular calendar year to produce the expected number of
cases. Individuals were censored after diagnosis of breast cancer or death. The SIR was
calculated based on the number of observed cases compared to the number of expected cases
(step 1). P-values for SIR were calculated using a chi-square test. Confidence intervals were
calculated using the mid-P exact test using OpenEpi. All statistical tests were 2-sided and P
values less than 0.05 were considered significant.

Adjustment for Race and Prevalence of NF1
To adjust for race, incidence rates of breast cancer for white and black women were adjusted
to the proportion of each in the NF1 population at the JHCNC (step 2). SEER incidence
rates for breast cancer in black and white women are available online from seer.cancer.gov.
For the NF1 population at Johns Hopkins, 72% are white (including Asian, Hispanic and
unspecified) and 28% are black. Rates were only available for black and white women from
SEER, so Asian, Hispanic women and women with unspecified race were included as part
of the white demographic for purposes of this calculation. The calculation for each calendar-
specific year for both invasive and in situ cases of breast cancer was as follows: (0.28 *
incidence for black women) + (0.72 * incidence for white women).

Using the data from step 2, adjustments to SEER incidence data were made to account for
cases of women with NF1 and breast cancer, women with NF1 in the general population,
and the demographic characteristics of the population at the JHCNC (step 3). To account for
cases of women with NF1 in the general population, the prevalence rate of 1 in 4000 was
used [Evans et al., 2010]. For a population of 100,000 (the standard denominator used when
reporting SEER cancer incidence data), this would equal 25 women with NF1 among
100,000. To account for breast cancer cases among women with NF1, the previously
reported value of an incidence of 14/304 was used to calculate an expected 1.15 cases of
breast cancer in women with NF1 per year [Sharif et al., 2007]. To obtain an incidence ratio
of breast cancer cases in the general population/total number of general population without
NF1, 1.15 was subtracted from the numerator and 25 was subtracted from the denominator
for each calendar year to obtain a calendar-year-specific incidence rate of breast cancer
cases among women without NF1.

Adjustment for time period of incidence
An alternative way to examine the data is to assess the number of expected versus actual
reported cases in the time period that begins with the date of the first breast cancer diagnosis
for the cohort of women with NF1 at the JHCNC. Instead of using 1975 as a starting point
(as previously done in steps 1-3), the year 1995 (the date of first known case from the
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JHCNC) was used (step 4). Other epidemiologic studies have used a similar method with
SEER data in order to reflect time period sensitive factors such as diagnostic practices and
treatments [Silverstein et al., 2003]. The same methodology as previously outlined for steps
1-3 above was used to calculate age- and calendar-year-specific incidence rates from
1995-2010.

RESULTS
At the time of this study, there were 506 total patients with NF1 enrolled in the JHCNC
database. Of these patients, 126 were women ≥20 years of age. A similar search of records
from the Johns Hopkins Marfan Center yielded 47 women with a confirmed diagnosis of
Marfan syndrome who were ≥20 years of age (Table I). The NF1 cohort had a higher
representation of black women (28% for NF1, 9% for Marfan syndrome); otherwise there
were no statistically significant differences between groups with regard to demographic
features.

The overall incidence of breast cancer in women with NF1 in the JHCNC from 1995-2010
was 3.2%. There was a trend for a nearly 3-fold increase in the risk of breast cancer in
women with NF1 who are <50 years old compared to age-matched unadjusted incidence
rates (SIR = 2.68; P = 0.076, 95% CI: 0.68 to 7.29) (Table II). No such relationship was seen
for women with NF1 ≥50 years old (SIR = 0.81, P = 0.84, 95% CI: 0.041 to 4.01). Across all
ages, the unadjusted SIR was 1.71 (P = 0.28, 95% CI: 0.54 to 4.12). Among women with
Marfan syndrome, the SIR was 0 across all age groups, as there were no observed cases of
breast cancer in the 47 women studied in this cohort. Given the small number of patients in
the Marfan syndrome cohort, the expected rate of diagnosis of breast cancer based on SEER
data is 0.51 cases.

Adjustments for race and NF1 cases in the general population yielded essentially the same
results (Table II). When race was adjusted for, the SIR of women <50 was 2.68 (P = 0.076,
95% CI: 0.68 to 7.29). For women ≥50 years old, the SIR was 0.81 (P = 0.84, 95% CI: 0.041
to 4.01). Across all ages the SIR was 1.70 (P = 0.28, 95% CI: 0.54 to 4.11). When NF1 cases
in the general population were subtracted out, the SIR for women <50 was 2.75 (P = 0.067,
95% CI: 0.70 to 7.49). For women ≥50 years old the SIR was 0.82 (P = 0.84, 95% CI: 0.041
to 4.04). Across all age groups, the SIR was 1.72 (P = 0.27, 95% CI: 0.55 to 4.16).

Adjusting the data to match the time period of the diagnosis of breast cancer in NF1 patients
yielded a slightly different picture (Table II). Pinpointing the dates of diagnosis and
comparing them to the expected number of cases in the general population narrows the
window of observation to a time period during which the cases actually occurred. For
expected cases between 1995 and 2010 there was an SIR of 4.35 for women <50 (P =
0.0054, 95% CI: 1.11 to 11.83). For women ≥50 years old the SIR was 0.94 (P = 0.95, 95%
CI: 0.047 to 4.65). Across all ages the SIR was 2.29 (P = 0.089, 95% CI: 0.73 to 5.51).
When adjustments were made for race, NF1 cases in the general population, and time period
of diagnosis, the results were essentially the same as the adjustment for time period of
diagnosis only. The SIR for women <50 was 4.41 (P = 0.0049, 95% CI: 1.12 to 12.00), 0.94
for women ≥50 (P = 0.95, 95% CI: 0.047 to 4.65), and 2.30 for all ages (P = 0.087, 95% CI:
0.73 to 5.55).

Two women were diagnosed with breast cancer at Johns Hopkins Hospital after they had
established care at the JHCNC (i.e., were known to have NF1 at the time of cancer
diagnosis), while prior diagnoses of breast cancer for the other two were ascertained from
clinical history during intake at the JHCNC. The tissue diagnosis for three of the four
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women was available. All showed a ductal origin with two being ductal carcinoma in situ
and one being invasive ductal carcinoma (Table III).

DISCUSSION
The trend of a higher-than-expected number of breast cancer cases in women <50 years old
with NF1 agrees with prior population-based studies from the UK [Walker et al., 2006;
Sharif et al., 2007]. Using a central population database identifying women with NF1 who
are greater than or equal to 20 years old (N=304), Sharif et al. found that women <50 years
old with NF1 had a SIR of 4.9 (P < 0.05, 95% CI: 2.4 to 8.8) for the diagnosis of breast
cancer. Similarly, Walker et al, showed a SIR of 4.0 (P=0.037, 95% CI: 1.1-10.3) for breast
cancer in women <50 [Walker et al., 2006]. The data from the present study support these
findings and are further expanded to assess whether there is an association between race and
rates of breast cancer in women with NF1. Importantly, race did not influence the SIR for
breast cancer in NF1, suggesting that the risk for breast cancer is independent of race in
these patients (Table II).

The increased risk of breast cancer in patients with NF1 reported in this and prior papers
[Walker et al., 2006; Sharif et al., 2007] is important to recognize clinically. Evans et al.
reported a proportionate mortality ratio of 3.5 (P=0.013, 95% CI: 1.3-7.7) related to breast
cancer in women with NF1, suggesting that there is not only increased risk for developing
breast cancer in women with NF1, but also a higher rate of death associated with the breast
cancer diagnosis [Evans et al., 2011]. Breast cancer screening guidelines have been
established for the general population and for women with known genetic risk factors for
breast cancer such as BRCA1 and PTEN syndromes in an effort to decrease mortality from
breast cancer through early diagnosis [Saslow et al., 2007; US Preventive Services Task
Force, 2009; Mandelblatt et al., 2009]. There are currently no such guidelines for patients
with NF1. Based on the estimates by Sharif et al., [2007] women with NF1 <50 years old are
considered at moderate risk for developing breast cancer and therefore are recommended to
have screening mammography starting at 40 years old in the UK.

In the absence of established guidelines, in our clinic we recommend that women with NF1
> 18 years have annual clinical breast examination by a trained practitioner. In patients
where there are palpable masses on exam, we recommend an initial MRI of the breast to
assess for neurofibromas. If no suspected cancerous lesions are seen and benign
neurofibromas are confirmed, we follow with annual clinical evaluations unless there is a
change on the exam. If there are any suspicious lesions, we will consider additional breast
imaging including mammography and possible biopsy.

Women with NF1 who are greater than 40 years old in our clinic are referred for both annual
clinical breast examination and mammography. In a woman with NF1 and known prior
breast cancer, our recommendation is for annual breast MRI and mammogram. Although
these are the practices felt to have the best risk benefit ratio in our clinic, there is a clear
need for prospective studies about the optimal diagnostic technique and schedule for breast
cancer screening in women with NF1.

The small sample size from a single center limited the power of this study, such that the
non-adjusted data approached but did not reach statistical significance. However, when
adjusted for the date of diagnosis, the SIR was 4.35 (P = 0.0054, 95% CI: 1.11 to 11.83) for
women under 50 years old. Adjustment for the date of diagnosis can be applied to
epidemiologic studies using SEER data and has the benefit of accounting for the medical
practice active during the periods of interest [Silverstein et al., 2003].
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Another potential limitation of this study, given its retrospective nature, is that cases may
have been missed due to patients being treated or seen at other institutions. A concerted
effort was made to review all sources of data available, including both electronic and paper
charts in multiple locations. However, it is not possible to know how many diagnoses were
missed due to lack of follow-up in the clinic. Despite this, it would be expected that
potential missing data about breast cancer diagnoses would only serve to increase the
incidence observed. Therefore, the data from this study represents the minimum incidence of
breast cancer among women with NF1 in our patient population.

An important strength of this study is its high proportion of minorities (28% black women).
Adjusting for race did not influence the SIR. This suggests that the recognized higher
frequency of breast cancer in younger black women did not influence the results [Aziz et al.,
1999; El-Tamer and Wait, 1999].

To further investigate the relationship between NF1 and breast cancer, pooling of patients
across multiple centers is necessary. Collaboration between NF1 specialty clinics would be
one mechanism to accomplish this goal. However, using patients identified through tertiary
and quaternary care centers introduces a bias of ascertainment that could skew results
toward cases that are more medically or clinically significant. Whether or not individuals
with more severe manifestations of NF1 are more likely to develop breast cancer is
unknown. Ideally, a collaborative study would accrue patients from a wider variety of
settings in order to minimize ascertainment bias, such as by identifying NF1 patients
through a national database or registry. This would allow investigators to identify a large
number of individuals from a wide variety of geographic locales who would be eligible for
participation to assess the relationship between NF1 and breast cancer in a broad population
study.

In conclusion, our data and the collective data from studies in the UK indicate that women
with NF1 are at higher risk for breast cancer than the general population, particularly when
they are <50 years old. Moreover, there is a reported increased risk of breast cancer related
death in young women with NF1. In our opinion this justifies early and annual clinical and
radiographic screening for breast cancer in these patients. However, research is required to
determine the optimal screening method and timing that will allow for earlier diagnosis and
hopefully, decreased breast cancer associated morbidity and mortality in women with NF1.
Additional research is also required to better understand the relationship between the NF1
mutation and breast cancer pathophysiology.
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Table I

Demographic characteristics of populations studied.

NF1 Marfan

Number of female
patients

126 47

Minimum age 20 20

Mean age (range) 36 (24-48) 41 (27-55)

Race

 White 81 (64.3%) 40 (85.1%)

 Black 35 (27.8%) 4 (8.5%)

 Asian 1 (0.8%) 1 (2.1%)

 Hispanic 2 (1.6%) 0 (0%)

 Other/Unspecified 7 (5.6%) 2 (4.3%)

Seen in clinic 2003-2010 2003-2010
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Table II

SIR of Breast Cancer among Women with NF1 Under Age 50

Unadjusted

Expected 1.12

Actual 3

SIR 2.68 (P = 0.076, 95% CI: 0.68-7.29)

Adjusted for Race

Expected 1.12

Actual 3

SIR 2.68 (P = 0.076, 95% CI: 0.68-7.29)

Adjusted for NF1 Prevalence

Expected 1.09

Actual 3

SIR 2.75 (P = 0.067, 95% CI: 0.70-7.49)

Adjusted for Date of
Diagnosis

Expected 0.69

Actual 3

SIR 4.35 (P = 0.0054, 95% CI: 1.11-11.83)

Adjusted for Race, NF1
Prevalence and Date of

Diagnosis

Expected 0.68

Actual 3

SIR 4.41 (P = 0.0049, 95% CI: 1.12-12.00)
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Table III

Characterization of Breast Cancer Cases

Patient Tumor Characteristics Place of Diagnosis Breast Cancer
Diagnosis relative to
intake in the JHCNC

1 Unknown Outside hospital Before

2 Invasive ductal carcinoma, grade
1

Outside hospital Before

3 Ductal carcinoma in situ, grade 3 JHH After

4 Ductal carcinoma in situ, with
comedo necrosis

JHH After

Am J Med Genet A. Author manuscript; available in PMC 2013 December 01.


