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Abstract

Neurofibromatosis 1(NF1) is a comparatively common autosomal dominant disorder.
However, relatively few studies have assessed lifetime risk; and information about the
effect of NF1 on mortality remains uncertain. NF1 patients were identified using The
North West regional family Genetic Register which covers the 4.1 million people living
in North West \England, including the regions of Greater Manchester, Cheshire and

Cumbrid. Data relating to tumours and malignancies were obtained from The North West

Cancer Intelligence Service (NWCIS). Death data for the general North West population
were obtained from the Office of National Statistics. We identified 1186 individuals with
NF1, of whom 1023 lived within the strict regional boundaries (k,onstituting a region of
North West England bound by The Pennines to the East and Irish Sea to the West, but excluding

the conurbation of Liverpool (Merseyside) and the Wirral peninsula) and 131 had died.
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MPNST and glioma were found to be the two most common causes of reduced life
expectancy among NF1 patients. In Kaplan-Meier analyses the median survival for NF1
patients was shown to be 71.5 years, with women living approximately 7.4 years longer
than men. On average both men and women lived approximately 8 years less than their
counterparts in the general population. Reduction in life expectancy for NF1 patients was
found to be much lower (8 years) than the previously estimated 15 year decrease.
Limitations relating to the under-reporting of NF1 on death certificates were once again

highlighted, and should be considered in future investigations.
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Introduction
A small number of studies have confirmed a generally shortened life expectancy in NF1

and neurofibromatosis 2 (NF2)| Follow-up studies in NF1 have shown around a 15 year

[Comment [S5]: Ref 1 point 5

decrease in life expectancy in NF1 patients™?.

[There have been two previous NF1 cohort studies. Sorensen et al * followed up a
nationwide cohort of 212 NF1 affected patients in Denmark. They obtained follow-up
information on 99 percent over a 42 year period. In a comparison with the general
population, survival rates were significantly impaired in relatives with neurofibromatosis,
worse in probands, and worst in female probands. Malignant neoplasms or benign
central nervous system tumours occurred in 45 percent of the probands, giving a relative
risk of 4.0 (95%Cl 2.8, 5.6). Compared with the general population, male relatives with
neurofibromatosis had the same rate of neoplasms, whereas female relatives had a nearly
twofold higher rate (relative risk, 1.9; 95%CI 1.1-3.1). Nervous system tumours were

disproportionately represented.

Zoller et al ? conducted a 12-year follow-up study of 70 adult NF1 patients in the city of
Goteborg, Sweden. Life expectancy, mortality, and cause of death were investigated.
The survival in the NF1 cohort was compared to that in the general Swedish population.
Twenty-two deaths occurred in the NF1 group, whereas 5.1 deaths were expected in the
general Swedish population (p<0.001). The mean age at death was 61.6 years.

Malignancy was found in 12 (55%) of the deceased (soft tissue sarcomas in 3, and



carcinomas in 9). Mean age at death was 15 years younger than expected in the general

population.l [Comment [S6]: Ref 1 point 10

A recent death certificate study from USA (1983-1997) established cause of death of

3,770 NF1 patients and again the mean age of death was around 15 years lower than in

the general population® with a PMR (proportionate mortality rate) [of 34 for ( comment [S7]: Ref 2 point 2

connective/soft tissue neoplasm, and a 3 fold increase in vascular disease for those <30

years| We have previously published on the incidence of the main soft tissue malignancy ( comment [$8]: Ref 2 point 4

in NF1, MPNST (Malignant Peripheral Nerve Sheath Tumour), from our NF1 register® °.
This showed an annual incidence of 1.6 per 1,000 individuals and an estimated 8-13%
lifetime risk®. Whilst there was evidence of a high death rate from MPNST, initial
analysis of our NF1 register did not suggest a high death rate from cardiovascular

disease. We therefore sought to identify the cause of death and life expectancy of NF1

individuals through the North West regional family Genetic Register. ( comment [$9]: Ref 1 point 4

Methods

Patients

NF1 patients were identified from families referred to the genetic services in Manchester.
The North West regional family Genetic Register service (GR) covers a region of North
West England based around Manchester with a population of 4.1 million and pro-actively
obtains details of families with each condition. IThe region contains the relatively

deprived urban area of greater Manchester (Population 2.5 million) and relatively affluent

rural areas| Information is sought on all affected and at risk blood relatives including ( comment [$10]: Ref 1 point 6

date of birth, vital status, cancer status, and address. The GR for NF1 was established in



1989. Affected individuals and their families are referred from General Practitioners and
specialists around the North West Region. Individuals are consented to the register recall
system which co-ordinates health screening and offers genetic testing at the appropriate

age. /At risk family members are encouraged to come to be evaluated,. It also updates

( comment [S11]: Ref 1 point 6

patients about new research and affected individuals also consent to be approached for
research. The North West Cancer Intelligence Service (NWCIS) covers the same region
of North West England. The NWCIS ascertains patients with malignancies of all sites, as
well as benign CNS tumours, from hospital records, pathology records and death
certificates. JAll hospitals are required to send pathology reports and discharge
summaries on all malignant tumours and benign central nervous system tumours to the

NWCIS.

[Comment [S12]: Ref 1 point 13

Cases of NF1 were confirmed in the Clinical Genetics department using existing
diagnostic criteria®. [Patients without confirmed NF1 such as those with multiple café au

lait patches only were excluded. [First degree relatives of individuals with definite NF1

[Comment [S13]: Ref 1 point 7

with clear reported neurofibromas and other NF1 features were assumed to have ‘near

definite NF17.Dates of birth of all affected family members were recorded on the register

[Comment [S14]: Ref 2 point 8

database and clinical databases for NF1. All deceased cases were confirmed where
possible from medical records, cancer registry data or death certification. Confirmation
of the vast majority of living affected cases was through clinic appointments, although
some gave consent for their records to be assessed. Dates of last follow up were either
date of death or date the patient was last in contact with the department or other NHS

service. For all those with no recent clinical follow up vital status was confirmed through



the NHS tracing system. All cases were also checked against the NWCIS for cancer and

vital status| [NF1 cases were divided into Group 1; individuals within the strict regional

[Comment [S15]: Ref 1 point 6

boundaries and Group 2: those residing outside the boundaries. Kaplan Meier curves

[Comment [S16]: Ref 1 point 14

were derived from date of birth to assess actuarial survival to death. To avoid any
ascertainment bias only those residing within the regional boundaries (Group 1) were

used for the latter analysis.

Proportionate mortality ratios were calculated as the number of observed deaths from a
specified condition in the NF1 population divided by the number of deaths expected from
this condition in the general population. The expected number of deaths associated with
a particular condition was calculated from death registration data for North West England

obtained from the Office for National Statistics.’

Results

A total of 1186 individuals [from 644 families with a confirmed or near certain diagnosis

( comment [S17]: Ref 1 point 15

of NF1 were identified of which 131 (11%) had died between 1957 and 2009. The birth
years of all NF1 patients are presented in table 1. The median year of death was 1998
with all but 25 (19%) deaths occurring after the inception of the NF1 register. Cause of
death from death certification was established in 130/131 (99%) cases (Table 2). Of
those living within the strict regional boundaries (Group 1) 109/1023 (10%) had died.
The most common cause of death was MPNST with 34/131 (26%) of deaths being due to
this condition (Table 2). In comparison 6/19 (32%) of non regional deaths (Group 2)

were due to MPNST and 28/111 (25%) of regional (Group 1) deaths.



Glioma was the second most common cause of death and the most common cause in
those <20 years of age (Table 2). Conversely, cardiovascular deaths were not particularly
common with only 10/80 deaths in those aged <50 years being attributed to this cause,
and only six of these deaths having a clear vascular origin. However, 8/10 cardiovascular
deaths <50 and 19/26 (73%) of all cardiovascular deaths occurred in male NF1 cases.
Two deaths aged 34 and 44 years were due to blood vessel disease secondary to
radiotherapy in childhood. The clearest indication of a vascular death unrelated to
radiotherapy was a ruptured thoracic aneurysm in a 20 year old male. The mean and
median age at death in the regional cohort from all causes was 43.55 and 44.13 years of
age. There were two deaths related to bleeding into a plexiform tumour post-surgery
aged 40 and 45 years that were registered as tumour related deaths but could have had a
part vascular origin. There were nine deaths that are likely to have been related to
radiotherapy for childhood optic glioma. Two vascular deaths aged 32 and 44 years in
males; four MPNSTSs occurring 16-25 years after radiotherapy and three high grade
gliomas. Four of the six glioma deaths <20 years of age were due to more aggressive

than usual [optic gliomas in persons aged 1.5, 3.4, 3.9 and 14.5 years. None had received

[Comment [S18]: Ref 2 point 6

radiotherapy.

Kaplan Meier analysis

Using the strict regional dataset of 1023 individuals, median survival was 71.5 years with
50% of NF1 patients dead by 71 years of age. Women with NF1 lived for approximately
7.4 years longer than men although this did not quite reach statistical significance (Figure

1; p=0.07). This was largely because the curves did not separate until after 55 years of



age. Tumour deaths, apart from female breast cancer (p=0.013), did not vary
significantly between men (32/62 52%) and women (42/68 62%) (p=0.355). In the
enlarged dataset deaths due to MPNST were also similar between the sexes (18:16 for
women and men respectively), conversely there were nine female glioma deaths
compared to only four in males although this was not significant (p=0.3626), in the strict

regional population the ratio was 8:2.

Expected Regional deaths
Expected deaths for the general North West population is shown in Figures 2 and 3.
There was a loss of 8 years of life expectancy for both NF1 males and females (p<0.01)

(Table 3).

In a population of 1000 from the local regional population we would expect 60 (6%) to
have died by 50 years of age as opposed to the 19% for both males and females in the
NF1 population’. 0.9% of males and 1.1% of females in the UK will have died from
tumour related causes by 50 years of age using current death rates’. By 50 years of age
0.1% of males and 0.06% of females will have died from a malignant brain tumour and a
further 0.3% of females will have died of breast cancer. Furthermore, 0.9% of males and

0.35% of females will have died by 50 years of age from cardiovascular causes

( comment [S19]: Ref 2 point 7

Comparing the NF1 associated deaths against deaths within the local North West
population, cardiovascular disease was reported 4 times more frequently in NF1 males
(PMR=4.1; 95%CI 1.4-2.6) than the general population. Similarly breast cancer death

was reported 3.5 times more frequently in NF1 females (PMR=3.5; 95%Cl 1.3-7.7).



Brain tumours were also reported more often in NF1 females than the local population

(Table 4) but not statistically significantly so in males (PMR=6.7; 95%CI 0.8-24.1).

The most notable result was that of death attributable to MPNST. MPNST was reported
as the cause of death significantly more often than expected in both NF1 males and NF1
females (males PMR= 3819.6; 95%CI 1971.4-6672.5), (females PMR=7788.2; 95%ClI

4355.7-12846.2)

Discussion

Our analysis of mortality in NF1 has again shown a reduction in life expectancy, but we
found 50% of NF1 affected individuals can expect to live beyond 71 years of age. The
main causes of early death were MPNST and glioma, as expected from previous
investigation. However, we did not replicate the findings of Rasmussen et al  with only
ten vascular deaths recorded by 50 years of age. Nonetheless cardiovascular deaths were
still four times more common in males with NF1 than expected overall. In the local
North West population we would expect 6% of the population to have died by 50 years of
age of which 9.2 males and 11 females (in 1000 individuals) would have died from
tumour related causes. In our population of just over 1000 there were 19 male cancer
deaths and 29 female deaths with many individuals yet to attain 50 years of age.
Malignancy risk in NF1 outside MPNST is probably not substantially increased in
common tumours apart from gliomas, which are usually low grade and not considered
malignant. Nonetheless this study found 8 NF1 patients died from glioma disease. Of

note is that six of these deaths occurred before 20 years of age.



Our study differs from the previous two cohort studies’? in that it ascertained all
individuals with NF1 rather than just adults. The Swedish cohort study in particular was
based on a cohort first described by Samuelsson who had to be >20 years of age in 1978.2
As such the population still remains quite young and most deaths are still yet to occur.
Deaths are therefore biased to a younger age where MPNST and glioma predominate.
This is reflected in 26% (34/131) of deaths even in the unbiased regional cohort being
due to MPNST when only 8-13% of patients would be expected to develop this
complication in their lifetime*. Nonetheless, our Kaplan Meier analysis reduces the bias
as living individuals are included. The median survival is substantially higher than the
mean and median ages at death at 71.5 years. This would suggest that despite
ascertaining a younger NF1 population NF1 individuals are living closer to the

population norm than estimated from the previous cohort studies.

Although a death certificate study might be expected to overcome the ascertainment bias
of cohort studies they are dependant on NF1 being accurately recorded on the death
certificate. In our study only 36% of NF1 patients on whom we were able to obtain
details of death certification had NF1 as a contributing cause on the death certificate.
Even with complications such as glioma and MPNST, which would have clearly been
secondary to NF1, only 29/48 (60%) had NF1 on the death certificate. For complications
such as breast cancer, which have only been recently associated with NF1°, only 1/9 had
NF1 recorded. The use of death certificates by Rasmussen et al * therefore needs to be

assessed against the likelihood that all deaths associated with NF1 were recorded. The



3,770 deaths that recorded NF1 were from a total of 32,722,122 representing 1 in 8679

deaths.

The estimated birth incidence for NF1 in most reports varies between 1 in 2,500 and 1 in
3,000 %2, If it is assumed that incidence and death rates remain constant, the US death
certificate study is likely to have a substantial bias, with only 29-35% of expected NF1
deaths being recorded on the death certificate. We in common with the US study found
an increased PMR from cardiovascular disease but this was only significant for males. If
cardiovascular disease was more likely to be accompanied by a co-contributing cause of
neurofibromatosis if the patient was <30 years this might explain the failure to detect an
increased risk at all ages. Under representation of NF1 deaths could also cause an
exaggeration in the degree of reduction in life expectancy of NF1 patients. A second
death certificate study used data from Japanese vital statistics from 1968-1992 on 605
deaths for which neurofibromatosis was listed as the underlying cause of death. The
mean age at death in this study was 43 years'®. However, the authors did not distinguish
between NF1 and neurofibromatosis 2 (NF2), and no data were available on causes of
death other than neurofibromatosis. Additionally, because the only individuals included
in the study were those who had NF1 listed as the underlying cause of death,
neurofibromatosis was again believed to have been under-ascertained even by the
author™. Looking at data from the present study NF1 would only have been considered
as a direct cause of death in five or six of the 50 deaths (10-12%) after 50 years of age,
but at least 48/80 (60%) of the deaths aged 50 years or less. Indeed NF1 was mentioned

on the death certificate in only 12/50 (24%) deaths >50 years but 34/79 (43%) before 50



years. As such the mean age of death in the Japanese study would be expected to be

biased to a younger age.

Two previous studies have suggested a higher mortality rate from malignancy in women
with NF1. Although there was a higher number of female deaths in the present study due
to malignancy this was not significant. Indeed the difference was accounted for almost

entirely by the newly identified association between NF1 and breast cancer® .

The present study has shown typical causes of death related to NF1, but the clinician
dealing with NF1 should be aware of a number of potentially preventable deaths.
Quadriparesis leading to respiratory failure due to cord compression and post-operative
bleeding into plexiform tumours are known complications of NF1. At least nine deaths
were due to complications of radiotherapy that would not now be given for NF1 related
optic gliomas™ ¢, Although optic gliomas in NF1 are usually thought to be less
aggressive than their sporadic counterparts®’ they can occasionally be very aggressive
especially in the very early onset tumours®® as seen by 3 deaths before 4 years of age in
the present study. [There was some evidence of clustering of malignancy in some families
in particular one family that has been previously reported had three generations affected

with MPNST and rhabdomyosarcoma,® the most recent case having a Malignant

Gastrointestinal Stromal Tumour (GIST)| ( comment [$20]: Ref 1 point 15

The current study has shown that most of the excess mortality in NF1 exists prior to 50

years of age and that NF1 does not clearly contribute to more than a small minority of



deaths after that age. Therefore individuals living beyond 50 years without a serious NF1
complication could expect to live a near normal life expectancy. Whilst the current study
has attempted to address most of the ascertainment biases inherent in such research the
ideal study has not yet been performed. This would need to cover a cohort of NF1
patients identified with complete ascertainment and followed until every patient had died.
This could be achieved with the 384 regional patients born between 1974-1993 in our
present cohort *2, but would obviously take potentially 70 years or more to mature. The
212 nationwide cohort of NF1 patients identified by Sorensen et al * is close to

maturation but this clearly was not a fully ascertained population.
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Table 1} Years of birth of 1186 NF1 patients in groups1 and 2
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Year of birth All patients Group 1 Group 2
1900-1909 4 3 1
1910-1919 5 5 0
1920-1929 19 16 3
1930-1939 32 28 4
1940-1949 69 62 7
1950-1959 143 125 18
1960-1969 181 159 22
1970-1979 204 172 32
1980-1989 231 199 32
1990-1999 213 184 29
2000+ 85 70 15
Total 1186 1023 163




Table 2: Cause of death by age cohort in NF1 patients

0-10 | 11-20 | 21-30 | 31-40 41-50 | 51-60 60+ Total NF on
death
cert

Glioma 4 2 3 4 1 14 8/14
MPNST 4 11 14 1 3 1 34 21/34
JCML 2 2 1/2
Rhabdomyosarcom 1 1 0/1
a

Breast cancer 3 2 3 1 9 1/9
Colorectal cancer 1 1 1 3 0/3
Ovarian Cancer 1 1 2 0/2
Lung Cancer 1 1 1 3 0/3
Lymphoma 1 0/1
Cancer other 1 2 3 0/3
Post op benign 1 2 3 3/3
tumour

Tumour related 6/7 |8/10 15/17 | 21/29 | 9/17 |10/23 | 6/27 | 75/130 | 34/75
Cerebrovascular 1 3 2 4 10 3/10
MI 1 2 6 9 0/9
Cardiomyopathy 1 1 2 0/2
Pulmonary 1 1 0/1
hypertension

Cardiac Failure 1 2 1 2 0/4
Ruptured aneurysm 1 1 2 0/2
Cardiovascular 1/10 3/29 6/17 | 7/23 11/27 | 26/130 | 3/26
Pneumonia 1 1 1 3 2/3
Quadriparesis/cord 1 1 2 Y
compression

respiratory failure

Kyphoscoliosis 1 1 2 2/2
respiratory failure

Pulmonary fibrosis 1 1 2 212




COAD 1 2 2 1/3
Respiratory 17 3/29 117 | 4/23 3/27 | 11/130 | 8/12
Epilepsy 1 1 2 1/2
Hepatorenal 1 1 0/1
syndrome

Septicaemia 1 1 2 0/2
Multiple organ 1 1 0/1
failure

Renal failure 1 1 2 0/2
suicide 1 1 2 0/2
Accident 1 1 0/1
dementia 2 2 0/2
Mesenteric infarct 1 1 1/1
small bowel

strangulation

Other Total 1/7 2/17 1/29 1/17 | 2/23 7/27 13/130 | 2/13
unknown 1 1

Total 7 10 17 29 18 23 27 131 47/131

(36%)




Table 3: Survival in NF1 males and females compared to the general population

Median
Gender Disease 95%ClI
Estimate Lower Upper
Male Healthy 78.0 7.7 78.3
NF1 70.7 69.2 72.2(p<0.001)
Female Healthy 82.0 81.7 82.3
NF1 74.0 69.7 78.3 (p<0.01)




Table 4: The proportionate mortality ratio (PMR) for deaths of individuals with NF1 for

selected medical conditions

No. of cases
ICD9 codes Condition Gender Observed  Expected PMR (95%Cl)
100-199 Cardiovascular: Male 19 4.7 4.1(2.4,2.6)
Female 7 4.1 1.7 (0.7, 3.5)
C50 Breast cancer: Female 6 1.7 35(1.3,7.7)
C71 Brain tumour: Male 2 0.30 6.7 (0.8,24.1)
Female 8 0.27 29.5(12.7,58.1)
ca7 MPNST* Males 12 0.003 3819.6 (1971.4, 6672.5)
Females 15 0.002° 7788.2 (4355.7, 12846.2)




Titles and legends to figures:
Figure 1:- Actuarial Survival in all individuals with NF1 showing separate female and

male gender in years

Figure 2:- Actuarial Survival in females with NF1 compared with females in the general

population

Figure 3:- Actuarial Survival in males with NF1 compared with males in the general

population
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Figure 1:- Actuarial Survival in all individuals with NF1 showing separate female and male gender in years
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Figure 2:- Actuarial Survival in females with NF1 compared with females in the general population
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Figure 3:- Actuarial Survival in males with NF1 compared with males in the general population



