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Abstract

von Recklinghausen’s Neurofibromatosis (NF-1) is a multisys-
tern impairment. A comprehensive clinical/pathologic review is
presented, followed by a comparative mortality analysis of a 39-
year retrospective study of probands and relatives. Neurofibro-
matosis showed increased geometric average annual mortality
ratios (MR) and excess death rates (EDR) in both probands and
relatives at the end of the 39-year follow up. Female probands
have the highest excess mortality, EDR 31, MR 295 percent, nearly
double that of male probands, EDR 15, MR 188 percent. Female
relatives have less excess mortality, EDR 5, MR 128 percent, than
male relatives, EDR 16, MR 176 percent. Probands are, as a group,
at least moderately substandard. Relatives are low substandard
life insurance risks.

Introduction

My interest in von Recklinghausen’s Neurofibromatosis (NF-1)
began over 40 years ago. As a young boy, I would clandestinely
observe a local personality with bumps all over his body, an
enlarged head and mildly retarded behavior. He remained a so-
cial oddity until I reached medical school and made my clinical
diagnosis. Whenever I visit my hometown, Cortland, New York,
this gentleman is still walking up and down Main Street. His
bumps have dramatically increased in extent and size; one on
his right hand is the size of a lime. Few of us have a 40 year
follow-up of NF-1; however a one-person observation is not an
adequate mortality study. The purpose of this paper is to review
NF-1 and present comparative mortality from a 39-year survival
study.

Historical background

NF was initially described by Tilesius in 17931 and Smith in 1849.2

In 1882, Friedrich Daniel yon Recklinghausen in honor of Rudolf
Virchow’s sixtieth birthday formally described NF-1.3 Quasimodo,
the hunchbacked bell-ringer of Notre Dame is suspected of hav-
ing NF-I? Joseph Merrick, the Elephant Man, was originally be-
lieved to have NF-I?.5.6 Current belief is he was afflicted with the
Proteus syndrome, a disease manifested by cutaneous pigmen-
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tation, subcutaneous nodules, intracranial tumors and mental re-
tardation.~.~.910 von Recklinghausen named hemochromatosis. The

bone disease bears his name.

Genetics

NF-1 is transmitted as an autosomal dominant gene designated
as nf 1.9 Population frequency is estimated between 1:3000 and
1:4000.*.’°.’’ It is the most common genetic mutation with 50 per-
cent of index cases representing new mutations.~: It is linked to
DNA markers in the centromeric region and to the nerve growth
factor receptor on the distil long arm of chromosome 17.TM Al-
though NF-1 begins in the fetus, if not the embryo, how muta-
tions at the neurofibromatosis-1 locus manifest themselves is
unknown.12 The disease affects males and females equally and
has no racial, ethnic or national restrictions? NF-1 has a 100
percent penetration with a markedly variable expressivity? Due
to this, there is no correlation in severity between parents and
siblings." Maternal transmission appears to increase severity.’~

Once manifested, the disease is usually progressive. There is a
minimum risk of 25 to 30 percent for the development of moder-
ate to severe disease? A first degree relative who is postpubertal
and has no cafe-au-lait spots, neurofibromas or Lisch nodules is
extremely unlikely to carry the gene.~

Pathogenesis

The cafe-au-lait spots, neurofibromas and various tumors of the
endocrine and central nervous system ultimately derive from
stem cells of neural-crest origin?.* Whether these cells have a
genetic tumorigenic potential or are influenced by extra-cellular
factors is unknown. It does appear these tumors arise from mul-
tiple cell-site origins.~’ Currently, it is postulated the primary de-
fect in NF-1 resides in the neural-crest-related secretory-mem-
brane system of the Golgi complex and endoplasmic reticulum?
The presence of large numbers of mast cells in neurofibromas
has led to speculation of their involvement in tumorigenesis?*
One investigator had initial favorable results treating NF-1 with
Ketoifen, a mast cell stabilizer,is
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Clinical manifestations

There are three forms of NF: classical neurofibromatosis (NF-1),
bilateral acoustic neurofibromatosis (NF-2) and a segmental form.
Bilateral acoustic neurofibromatosis (NF-2) is characterized by
the almost invariable presence of bilateral acoustic neuromas
and generally the absence of caf~-au-lait spots and dermal tu-
mors.~6 The genetic abnormality is on chromosome 225

In the segmental form, cafd-au-lait spots and neurofibromas are
limited to circumscribed body segments, usually right or left
upper dermatomes. Segmental intra-thoracic or intra-abdomi-
nal neurofibromas are also present.5 NF-1 has three cardinal fea-
tures: cafd-au-lait spots, neurofibromas and Lisch nodules. Cafe-
au-lait spots are present in nearly one hundred percent of pa-
tients with NF-1.5 To establish the diagnosis in an adult, six or
more greater than 15 millimeters in greatest diameter must be
present.6 One or two spots is a common finding in a normal
population7 The cafe~-au-lait spots are usually present at birth,
but may take up to one year to develop? Commonly, they in-
crease in size and number through the first decade. By the end
of the first decade virtually all patients destined to develop NF-1
will have cafe-au-lait spots.2 There is no correlation between the
number of spots and the severity of the disease,l° Various other
forms of hyperpigmentation are noted including the intertrigi-
nous areas and concordant with the borders of underlying neu-
rofibromas.5 Neurofibromas are the second diagnostic feature of
NF-1. In contradistinction to cafe-au-lait spots, neurofibromas

Table One

Neurological manifestations of neurofibromatosis

Central nervous system
intracranial tumors
headaches
seizures
rnacrocephaly
cerebral vascular accident
spinal tumors
other spinal abnormalities

(scoliosis, syringomyelia, etc.)

Peripheral nervous system
subcutaneous neurofibromas
plexiform neuromas

Autonomic nervous system
Lisch nodules
ganglioneuromas

Cognitive/language/psychosocial
mental retardation
learning disabilities
attention deficit disorder
depression/anxiety

are absent at birth,5 usually appear at puberty2 and continue
development and progression into adulthood.7 Pregnancy can
lead to a dramatic increase in size and numbed Deeper periph-
eral nerves and nerve roots can be involved and large plexiform
neurofibromas which interfere with contiguous organ function
can form?,~

The central nervous system as well as viscera and blood vessels
innervated by the autonomic nervous system are also involved?,7

Neurofibromas are histologically benign, nevertheless they of-
ten cause functional compromise and cosmetic disfigurement
due to size and location.5 Isolated neurofibromas are not diag-
nostic of NF-1. Their incidence of malignant degeneration, dis-
cussed in a subsequent section, is a subject of considerable con-
troversy. The third part of the diagnostic triad is Lisch nodules
(iris hamartomas). They are present in 94 percent of patients age
six or older. Their number usually increases with age; they re-
main asymptomatic.<’2 Histopathologically, they consist of dis-
crete masses of melanocytes.9

The National Neurofibromatosis Foundation has proposed the
following diagnostic criteria for NF-1.~ The presence of two or
more in an individual will establish the diagnosis:

¯ On examination in room light, at least five major cafd-au-
lait macules over five millimeters in greatest diameter, if
prepubertal; six cafd-au-lait macules over 15 millimeters in
greatest diameter, if postpubertal. Neurofibromatosis Con-
ference Statement recommends at least six cafd-au-/ait
macules regardless of age)~

¯ Two or more neurofibromas of any type, or one plexiform
neurofibroma

¯ Multiple freckles in the axillary or inguinal regions
¯ Sphenoid wing dysplasia or congenital bowing or thinning

of long bone cortex, with or without pseudarthrosis
¯ Optic nerve glioma
¯ Two or more iris Lisch nodules on slit lamp examination
¯ A first-degree relative (parent, sibling, or offspring) with

NF-1 by the above criteria.

NF-1 has features that involve nearly every organ system. Endo-
crine abnormalities are frequent. Pheochromocytomas have a
reported prevalence between one and 23 percent.~,5,~ Delayed
sexual maturation,2.s precocious puberty,7,’9 medullary thyroid
carcinoma,~’s thyromegaly,2 and hyperparathyroidism~,s all are
noted in association with NF-1. Neurological manifestations, listed
in Table One, are found in nearly 50 percent of individuals with
NF-1)9 (Reprinted with permission)

Nineteen percent of hospitalized children with NF-1 had malig-
nancy. Optic nerve gliomas accounted for 57 percent. The re-
mainder were fifth cranial nerve neuromas, ependymomas and
meningiomas. Most occurred in the first decade of life.~

Several non-neoplastic central nervous system manifestations
of NF-1 deserve comment. Macrocephaly is noted in about 30
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percent of patients, but is not necessarily associated with any
other structural abnormalities?A9 Intellectual impairment of vary-
ing degrees has a prevalence of about 40 percent;5.~9 the median
IQ is between 85-90.-’ Frank retardation accounts for only two to
five percent of those involved? Seizures have a tenfold increased
prevalenceJ9 Asymptomatic, abnormal EEG changes are com-
mon?’’9 Rodriquez reported the prevalence of syringomyelia in
20 percent of cases.’ A feature of NF-1, recognized only with the
advent of magnetic resonance imaging, is "bright lesions" in
brains of affected children. These are noted primarily in the
basal ganglia and internal capsule but also can be visualized in
other areas. Their significance is unknown although some may
represent low grade gliomas or their precursors?

Considerable controversy exists concerning the frequency of
malignant or sarcomatous degeneration of peripheral nerve tu-
mors in NF-1. One series of patients revealed 19 percent devel-
oping a malignant schwannoma by age 40; the overall incidence
of malignant schwannomata was 29 percent.-’ The authors leave
open the question whether a malignant schwannoma arises de
novo or originates from a benign schwannoma or neurofibroma.
Knight and associates reported sarcomatous degeneration in 4.4
percent of pre-existing cutaneous neurofibromas and reviewed
three other studies which revealed prevalences of 3.1, 2.4, and
16.5 percent?’ The peak age range of sarcomatous degeneration
in NF-1 is 21 to 50 years.’~ Constant trauma and previous surgical
manipulation appear to predispose to malignant transformation.~’2’
Alterations at the p53 locus on the short arm of chromosome 17
appear to be critical for the progression of a neurofibroma to a
neurofibrosarcoma.’:In contradistinction, The Neurofibromato-
sis Foundation states that dermal neurofibromas rarely, if ever,
become cancerous. Such a change may occur, although very
rarely, in plexiform tumors? They also state there is no evidence
surgical manipulation of neurofibromas can cause a change from
benign to malignant. Robbins notes in his textbook of pathology
"schwannomas (neurilemmomas) virtually never undergo ma-
lignant transformation." Malignant change in superficial, cutane-
ous neurofibromas is rare; however such change in large neu-
rofibromas attached to large nerve trunks of the neck and ex-
tremities occurs in 10-15 percent of cases.-’2 No attempt will be
made to reconcile the large discrepancies among the various
studies on the incidence of malignant degeneration of periph-
eral tumors except to note that selection bias of populations
studied likely had a major influence.

Prominent non-neurological features of NF-1 include constipa-
tion, pruritus and kyphoscoliosis,s Congenital defects of bone
development have been extensively reviewed.:3 Renal artery
stenosis occurs in two percent of patients?~

Malignant associations in other organs: Hope and Mulvihill pre-
sented on extensive review of neoplasia associated with NF-1.u

Although neoplasm is beyond question part of NF-1, reliable
estimates of the frequency are unreliable owing to a lack of
formal epidemiologic studies. Maternal transmission appears to
increase the severity of the disease including the probability of

malignancy. Tumors associated with NF-1 usually arise from cells
of neural crest origin and include neuroblastoma, pheochro-
mocytoma and medullary thyroid carcinoma. Malignant mela-
noma does not have an increased incidence. Malignancies of
non neural crest origin include rhabdomyosarcoma and a weak
association with Wilms tumor.

Sorenson and colleagues extensively analyzed the prevalence
of malignant tumors in NF-1.-’~ Before proceeding, the authors
definition of "malignant tumor" deserves special note. It included
all malignant neoplasms as well as benign central nervous sys-
tem neoplasms such as gliomas, meningiomas and acoustic neu-
romas; benign peripheral nerve tumors, e.g., neurofibromas are
excluded. The authors’ reason for classifying gliomas as malig-
nant was their potentially lethal anatomic sites in the central
nervous system. Observed new malignant neoplasms were com-
pared with expected numbers calculated from Danish national
year-, age- and sex-specific incidence rates according to males
and females. These two were then further subdivided into
probands and relatives. Although the prevalence of neoplasms
in NF-1 was similar to the general population, the site was dra-
matically different. Nervous system tumors were most common,
totaling 47 percent, with gliomas accounting for 84 percent. The
authors state that none of the peripheral nerve tumors could
confidently be said to have arisen from a benign neurofibroma.
In the general population, a second tumor developed in four
percent of persons with cancer. In probands the incidence of
second tumors, mainly central nervous system, was approxi-
mately nine times that noted in the general population. Rela-
tives had no excess second malignancies.

A weak relationship exists between NF-1 and childhood leuke-
mia5*’~’ The ratio of acute lymphocytic to nonlymphocytic leuke-
mia is reversed with an excess of the latter. The prevalence of
unusual subtypes of nonlymphocytic leukemia in children such
as chronic myelogenous and acute myelomonocytic is increased.

A 39-year retrospective study of individuals with NF-1 (probands)
and their relatives is the basis for this comparative mortality study,at

The source cases, 84 probands, were located from a previous
study that had searched nearly all Danish hospitals and identi-
fied all patients diagnosed with NF-1 from January 1, 1924 to
January 1, 1944.2, The criteria for the diagnosis of NF-1 was con-
sistent with contemporary standards. Fifty eight percent of the
probands were sporadic cases. The authors discussed the limi-
tations of their analysis which included the possibility of chance
unrepresentativeness (type II error). They noted the unfavor-
able survival of probands could have been biased by the fact
that each was identified in-hospital and therefore represented
an initially sicker population. The relatives, 128 patients, were
located by reconstruction of family registers through the Danish
Center Personal Register, church registers and other sources.
Only two relatives who immigrated to the United States could
not be found for follow-up. The authors did not note their sex
nor whether they had already been excluded from the data. I
elected to exclude these two individuals from the analysis. Ob-
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served deaths were determined from death certificates and where
possible from hospitalizations and postmortem examinations.
Total deaths of probands and relatives at the end of the 39-year
observation period were noted.

Published survival curves were prepared by standard life-table
methods. Expected cumulative survival was based on age-, year-
and sex- specific mortality data from the Danish vital statistics.
Whether the expected survival data was based on initial age
distribution or age distribution of survivors is unknown. For
expected mortality, a single decrement table was created using
cumulative survival percentages for each interval and an assumed
1,000 lives at start of follow-up. The recalculated expected inter-
val survival rates (p’) were not graduated (smoothed).

Refer to Table Two for definitions of abbreviations used in the
following text and tables. Each survival curve was enlarged to
facilitate measurement. Cumulative survival percents, observed
(P) and expected (P’), were calculated for intervals 0-10, 11-20,
21-30, 31-39 and 0-39 years. Cumulative survival is difficult to
measure directly and accurately from the small, published sur-
vival curves. Errors are inherent due to optical distortion in pro-
duction of originals and enlargements. ECG calipers and the
method of proportions were utilized to maximize accuracy. Since
the cumulative survival curves had a vertical scale with 100 per-
cent survival only 22mm, P and P’ were rounded to the nearest
0.005. Single decrement mortality tables, observed and expected,
were then constructed (Tables 3-14) and calculated values (q, p,

P, ~1) were rounded to the nearest 0.001. Carrying out calcula-
tions to three decimal places may appear inappropriate. How-
ever, when the initial life tables were constructed to two places,
inaccuracies of rounding produced unacceptable inconsisten-
cies in much of the data, especially deaths. I therefore elected to

Table Two
Definitions of abbreviations used

in the text and Tables 3-15

1: living entrants
d: deaths, observed
d’: deaths expected
P: cumulative survival rate, observed
P’: cumulative survival rate, expected
q: interval mortality rate, observed
q’: interval mortality rate, expected
p: interval survival rate, observed
p’: interval survival rate, expected

~1: geometric average annual mortality rate, observed

~1’: geometric average annual mortality rate, expected
MR: geometric average annual mortality ratio
EDR:geometric average annual excess death rate

use three decimal places. All deaths (d) were rounded to the
nearest whole number. Mortality ratios (MR) were rounded as
follows: 0-199 to one percent, 200-995 to five percent. Excess
death rates (EDR) were rounded to the nearest whole digit(s).

For comparative analysis, average annual excess death rates
(EDR) and average annual mortality ratios (MR) were calculated
from the geometric average annual mortality rates (~1), observed
and expected.

Data inconsistencies in construction of the tables deserve note.
Male probands, observed (Table Three): The source document
noted 26 deaths. In construction of the life table, deaths (d) were
calculated from the product (1) (q0 and rounded upward or
downward to the nearest whole number. The sum of all interval
deaths was only 25; therefore, I rounded 4.4 deaths upward to
five in the final interval 31-39 to achieve the correct number of
total deaths. Combined probands observed (Table Seven): For
interval 31-39, the product of p<0-10), pro-20) etc. is .210. Direct life
table calculation of P<039) is .211. Male relatives observed (Table
Nine): As in male probands observed, the sum of total calcu-
lated deaths for each interval did not equal the source number of
deaths. For interval 31-39 the number of deaths was rounded
upward from 5.4 to six.

Comparative mortality data on the survival of von Reckling-
hausen’s disease is presented in two formats. The first, males and
females, probands and relatives are illustrated and discussed sepa-
rately (Tables 3-6, 9-12). Secondly, males and females are com-
bined as relatives and probands (Tables Seven, Eight, 13, 14). Fi-
nally, comparative mortality of all groups is presented (Table 15).

Due to the small number of observed deaths in each proband/
relative group individually as well as combined one may ques-
tion the potential value of this study. The reviewed article would
rate an A, highest value (top priority). The existing mortality
sources are almost nil and the deaths are in the range of 26-100.2~

Underwriting manuals usually do not separate males and fe-
males. By combining data, more accurate and meaningful com-
parative mortality information is produced.

For each single group the comparative mortality analysis reveals
the following:

¯ Male probands: The 39-year observation period reveals an
EDR of 15 and MR of 188 percent. There appears to be no
consistent trend through succeeding intervals.

¯ Female probands: Compared to male probands the EDR is
slightly more than double (31/15). The MR is about 50 per-
cent greater (295/188).

¯ Combined probands: For the duration of observation the
EDR is 22 and the MR 230 percent.

¯ Male relatives: The EDR and MR for male relatives, 16, 176
percent over the entire observation period is nearly identi-
cal to that of male probands, 15, 188 percent.
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¯ Female relatives: Compared to all other cohorts, this group
has a superior survival with only a slightly excessive EDR 5
and MR 128 percent.

¯ Combined relatives: The EDR 9 and MR 147 percent are
about 50 percent of the combined probands. Nevertheless,
this group does exhibit excess mortality.

Not surprisingly, the EDR and MR of the combined probands is
considerably greater than those of the combined relatives. The
combined probands had a moderately elevated EDR, 22 and
MR, 230 percent for the interval 0-39. Compared to the com-
bined probands, the relatives had a much lower EDR, 9 and MR,
147 percent over the same interval. Relatives do not have a stan-

dard mortality compared to the reference Danish population.

This mortality analysis is based on expected Danish population
mortality rates. The authors did not disclose whether the ex-
pected rates and subsequent cumulative survival curves were
based on age distribution of survivors or initial age distribution
in each group at the start of each interval. If expected survival
had been based on the latter, (t’ values may be progressively
overestimated with increasing duration leading to underestima-
tion of excess mortality. The average annual increase in q’ for
male probands is about eight percent. When life tables are con-
stmcted, the average annual increase in mean q’ is often as low
as one or two percent per year, rather than the 10 percent per

year average in population life tables from about age 35 to 75 or
80 (letter from RB Singer, MD, March 1988). If the overestima-
tion for q’ is in a similar range for all probands and relatives,
comparative mortality data may again underestimate the true
mortality picture. When we consider the additional factor that

these results are based upon expected population rates, it is
obvious that NF-1, both probands and relatives, have excess
mortality. Were expected rates based upon industry select/ulti-
mate rates, the comparative mortality would be even more ad-
verse.

Those individuals (probands) afflicted with NF-1 are, as a group,
insurable risks although at least moderately substandard. Indi-
viduals in this group no doubt comprise the entire spectrum of
insurability including some who are uninsurable to those who
may be low substandard risks.

Underwriting relatives of those with NF-1 is problematic. By
objective analysis, there is at least a low substandard excess
mortality. However, how relatives who have only a genetic asso-
ciation with NF-1 are underwritten is a complex decision. My
personal sense is the legal and onerous politically correct conse-
quences of making an adverse underwriting decision on a rela-
tive whose excess mortality is relatively small may not be worth
the mortality savings. However, were one to make an adverse

decision, objective data is presented to substantiate solidly the
action was based on the dictum that a decision must be based on
sound actuarial principles reasonably related to actual or antici-

pated loss experience. Whether relatives belong in a preferred
category depends upon individual company rules. Objective
data argue strongly against this classification.

I wish to express my gratitude to Richard Singer, MD, who ini-
tially served as the impetus for my undertaking this project and
to the Journal oflnsuranceMedicine whose Fall 1994 issue on
mortality served as the catalyst for its completion.
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.250 40 10 .250 .750 .625 .028

.230 30 7 .233 .767 .479 .026
.165 23 4 .174 .826 .396 .021

.595 48 29 .604 .396 .396 .023

20. Knight WA, Murphy WK, GottliebJA. Neurofibromatosis Associated with
Malignant Neurofibromas. Arch. Dermato. 1973;107:747-750
21. Sand MJ, McDonough MT, Cohen AM, Rutenberg HL Eisner JW. Fatal Malig-
nant Degeneration in Multiple Neurofibromas. JAMA 1975;233,#13:1381 - 1382
22. Robbins SL, Cotran RS. The Pathologic Basis of Disease. 3rd ed. Philadel-
phia: WB Saunders 1979;238

23. Rudicel S. The Orthopaedic Manifestations of Neurofibromatosis. Con-
necticut Med. 1987;51;#4:221-223
24. ttuson SM. The Different Forms of Neurofibromatosis. Br. Med.J
1987;294:1113-1114
25. Sorensen SA, Mulvihill JJ, Nielsen A. Long-term Follow-up of von
Recklinghausen’s Neurofibromatosis. NEngl.JMed. 1986,314,#16:1010-1015
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Table 12

Female relatives, expected, by single decrement mortality table

t+t     P’ p~ q~ ~ d" q~ p~ P" ~

0-10 .905 .905 .095 1,000 95 .095 .905 .905 .010
11-20 .770 .851 .149 905 135 .149 .851 .770 .016

21-30 .620 .805 .195 770 150 .195 .805 .620 .021

31-39 .485 .782 .218 620 135 .218 .782 .485 .027
0-39 .485 .485 .515 1,000 515 .515 .485 .485 .018

Table 13

Combined male and female relatives, observed, by single decrement mortality table

t+t ~ d q~ p, p

0-10 79 12 .152 .848 .848 .016
11-20 67 17 .254 ,746 .633 .029
21-30 50 14 .280 .720 .455 .032

31-39 36 10 .278 .722 .329 .036
0-39 79 53 .671 .329 .329 .028

Table l4

Combined male and female relatives, expected, by single decrement mortality table

t + t ~ d" q," p,’ p’ (t,"

0-10 2,000 215 .108 .892 .892 .011
11-20 1,785 255 .143 .857 .764 .015

21-30 1,530 305 .199 .801 .612 .022

31-39 1,225 295 .241 .759 .465 .030

0-39 2,000 1,070 .535 .465 .465 .019

Table 15

Comparative mortality of all study group by duration

Male
probands

Interval EDR MR
0-10 7 240

11-20 19 310
21-30 26 230

31-39 8 122

0-39 15 188

Female Combined Male
probands probands relatives

EDR MR EDR MR EDR MR
28 500 17 385 1 108
25 290 22 300 15 200
34 280 29 245 19 183
38 240 22 171 32 194
31 295 22 230 16 176

Female Combined
relatives relatives

EDR MR EDR MR
8 180 5 145
12 175 14 193

5 124 10 145
-6 78 6 120

5 128 9 147

26. Bader JF, Miller RW. Neurofibromatosis and Childhood Leuke~nia.J
Pediatr. 1978;92,#6:825-929
27. Borberg A. Clinical and Genetic Investigations into Tuberous Sclerosis and
Recklinghausen’s Neurofibromatosis: Contribution to Elucidation of lnterrela-

tionships and Eugenics of the Syndromes. Acta. Psychiatr. Neurol. 1951;71:
Suppl.:l-239
28. Singer RB, Kita MW. Guidelines for Evaluation of Follow-up Articles and
Preparation of Mortality Abstracts.Jlns. Med. 1991;23,#1:21-29
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