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Abstract

Background; Meurofibromatoss 1 (NF1), a common autosomal dominant disorder, was shown in one study to be
asociated with a 15year decrease in life expectancy. However, data on mortality in NF1 are limited. Cur aim was
to evaluate mortality in a large retrospective cohort of NF1 patients seen in France between 1980 and 2006.

Methods: Consscutive NF1 patients referred to the Nationa French Referral Center for Neurofibromatoses were
induded. The standardized mortdity ratio (SR with its 95% confidence interval (Cl) was cdculated as the ratio of
obsarved over expected numbers of deaths We studied factors associated with death and causes of death.

Results: Between 1980 and 2006, 1895 NF1 patients were seen. Median follow-up was 6.8 vears (range, 04-208).
“ital status was available for 1226 (65%) patients, of whom 1159 (94.5%) survived and 67 (5.5%) died. Overall
mortality was significantly increased in the NF1 cohort (SMR, 202; Q, 16-26; P < 10*). The excess mortality

occurred among patients aged 10 to 20 years (MR, 52, O, 26-93; P< 107%) and 20 to 40 years (MR 4.1; 28-58;
P < 10" Sgnificant excess mortaity was found in both males and femaes. In the 10-20 year age group, females
had a ggnificant increase in mortality compared to males (3R, 126; O, 57-239; and 3R, 15; T, 02-64;
respectively). The cause of death was avalable for 58 (866%) patients, malignant nerve sheath tumor was the main
cause of death (B0%).

Conclusions: We found significantly increased 3VIRs indicating excess mortality in NF1 patients compared to the
genera populaion. The definitive diagnosis of MF1 in all patients is a strength of our study, and the high rate of
desth related to malignant transformation is consistent with previous work. The retrospective design and hospital-
based recruitment are limitations of our study. Mortaity was significantly increased in MF1 patients aged 10 to 40

vears and tended to be higher in females than in males,

Background

Meurofibromatosis 1 (MF1; MIM#162200) is an inherited
autosomal dominant disorder with an incidence of 1 in
2500-3000 births [1). NF1 is fully penetrant by & years
of age. According to the National Institutes of Health
(MIH}, the diagnosis of MF1 requires at least two of the
following seven criteria: six or more café-au-lat spots
messuring & least 5 mm in prepuperta patients and 15
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mm in postpubertal patients, multiple axillary freckles,
two or more neurofibromas (MFs) of any type or one
plexiform neurcfibroma, Lisch hamartomas, optic path-
way glioma, bone dysplasia, and at least one affected
first-degree relative [2]. The phenotype of NF1 varies
substantially across patients

The NF1 gene on chromosome 17911.2 encodes the
tumor suppressor protein neurofibromin. Loss of this
protein is associated with an increased risk of develop-
ing tumors [3]. In a 12-year follow-up study of 70 adult
MF1 patients in Sweden, life expectancy was decreased
by 15 years compared to the general population, and
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malignancy was the main cause of death [4]. A 1386
study in a Danish cohort of 212 patients diagnosad 42
years earlier showed excess mortdity with an increase in
malignancies in the males but not in the femaes, com-
pared to the generd population [5]. Severa dinical fea
tures such as internal or subcutaneous NFs have been
shown to predict mortality in MF1 patients [6,7]. In a
cohort of 448 NF1 patients in the UK, the overdl risk of
cancer was increased 2.7-fold compared to the general
population, and malignant peripheral nerve sheath
tumor (MPMNST) was the leading cause of death [8]. A
proportional mortality study based on death certificate
data in the US from 1983 to 1997 demonstrated that
MF1 patients were 34 times more likely to have a malig-
nant connective or soft tissue neoplasm listed on their
death certificate than individuals without NF1 persons
(proportiona mortdity rate, 34.3; 95% confidence inter-
val [95%CI], 30.8-38) [9]. This study also showed an
about 15-year decrease in life expectancy in NF1
patients [9].

Mevertheless, data on mortality in NF1 are limited.
Qur am was to evaluate mortdity in a large cohort of
patients with NF1 seen in France between 1980 and
2006. We computed standardized mortality ratios
(EMBs). We evaluated risk factors for death and causes
of death.

Patients and Methods
Definitions and study cohort
The study cohort was composaed of consscutive patients
meeting MIH criteria for NF1 [2] who were referred to
the hospital departments of the Paris conurbation that
constitute the National French Referral Center for
Meurofibromatoses (dermatology departments at the
Henri Mondor and Mecker-Enfants Malades hospitals
and neuropediatric department at the Trousseau hospi-
ta). We identified NF1 patients referred to these depart-
ments between tnuary 1, 1980, and December 31, 2008,
in the NF1 Metwork Database maintained by the
Mational French Hospital Database (PMSl). Data from
all sources were linked and compared to eliminate
duplications and resolve discrepancies.

The study was gpproved by the lle-de-France | X ethics
committee, Paris, France. The study complied with
Helsinki guiddines.

Data collection

For each patient, age at the beginning of the study per-
iod, sex, and clinical features were abstracted from the
medical charts and/or database. Detailled information
was available on the carding dermatological fealures of
MF1 (café-au-lait spots, freckles, Lisch nodules, and
cutaneous and plexiform neurofibromas). We also
recorded the following features as present or absent;
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orthopedic complications (scoliosis and pseudoathrosis),
neurclogical sbnormalities (hydrocephaus and high T2
signal intensity lesions on magnetic resonance imaging
of the brain), and rena artery stenosis. We recorded al
available data on tumors known to occur frequently in
MF1 patients (centra nervous systerns tumors, MPNST s,
and pheochromocylomas).

Martality assessment

Cur goal was to determine vital status as of December
31, 2006, We first consulted the medical records and
network database. Then, we searched the Mational
French Mortality Database (INSERM CépiDC) for infor-
mation on patients whose place of birth was known; we
checked this information by calling the town hall of the
place of birth. Finally, we sought to contact patients by
phone and mail. Patients whose vital status was still
unknown after these three steps were classified as hav-
ing an unknown vital status (unknownV'S group) and
other patients as having a known vital status (knownV's

group) (Figure 1).

Statistical analysis

Data were double entered and analyzed using STATA
software version 11 (Stata Corporation, College Station,
TX). Quantitative variables are reported as median
(rance) and qualitative variables as number (%,

We compared the unknownVs and knownV's groups
using univariate analysis (chi-square test, or Fisher exact
test where sppropriate, and nonparametric Mann-¥Whit-
ney test). Because age influences the prevalence and
number of NF1 features as café-au-lait spots and neuro-
fibromas, we computed age-adjusted odds ratios (alRs)
with their 95% confidence intervals (25%C1 s} separately
for each variable. In the known''S group, we computed
the standardized mortality ratio (SMR) as the ratio of
observed over expected deaths MR values grester than
1 with a Cl that does not include 1 indicate excess mor-
tality. The expected number of deaths was obtained by
applying the mortality rates in France from 1980 to
2006 (by 5-year age groups and S-year calendar periods,
separately in femaes and males) to the appropriate per-
son-years in the cohort. We considered the following
age groups: younger than 10 years, 10-20 years, 20-40
vears, 40-60 years, and 60 years or older. The 95%CI of
the SMR was computed assuming a Poisson distribution
[10]. The chi-square test of dispersion of the Poisson
distribution was calculated. Sensitivity analyses were
performed. First, to avoid overestimation of mortality,
we computed the SMR for the overall cohort, assuming
that patients in the unknownVs group were alive on
December 31, 2006, Second, to minimize survivorship
hias (bias related to underestimation of mortality in
childhood due to patient attrition), we computed the
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Figure 1 Fow chart of the vital stabus of patients with MF1 cohort seen between 1980 and 2005,
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SMR for patients who were born after Bnuary 1, 1980,
the beginning of our study period.

Results

Sudy cohort

Between Jnuary 1, 1980, and December 31, 2006, 1895
MF1 patients were seen al the Mationa French Referral
Center for Neurofibromatoses. Their median follow-up
was 6.8 years [0.4-206]. At inclusion, median age was
17.7 [0-78] years, and 549 (44.8%) patients were younger
than 18 years (Table 1). At the end of the study period,
median age was 25.9 vears [2-82].

Vital status was known for 1226 (65%) of the 1895
patients (Figure 1). At last follow-up, patients in the
unknown''S group had a median age of 254 years [0.2-
B8] (Table 1). Compared to the unknown\'S group, the
known'S group had significantly higher prevalence of
freckles (aOR,1.7; 95%CI, 1.3-2.2) and MPNSTs (aDR,
2.7, 95%LCI1, 1.6-4.7) (Table 1). The prevalence of optic
pathway gliomas was nonsignificantly higher in the
knewnV'S group (OR, 1.3, 95% CI, 0.8-1.7: P = 0.11).

Of the 1226 patients in the known''S group, 1 159
[54.5%) survived and 67 (5.5%) died.

Causes of death

The median age at death was 31.7 years [0-79.9], and
46.3% of patients who died were males. We did not
reported any death from the same family. Compared to
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survivors, nonsurvivors had non significantly fewer
café-au-lait spots (a0OR, 0.6; 95%CI, 0.3-1.1]) and sgnifi-
cantly more neurofibromas (a0R, 3.1; 95%CI, 1.2-8.4),
plexiform neurofibromas (aOR, 1.8; 95%CI, 1.1-3.0),
MPMSTs (a0R, 31.2; 95%CI, 174-55.9,) and pheochro-
mocylomas (a0R, 4.3, 95%CI1, 1.1-16.3; Table 2).

The cause of death was known for 58 (B6.6%) patients
and was related to NF1 in 56 (96.6%) of them. These
fatal complications of NF1 included MPN5STs (n = 33,
60%), central nervous system tumaors (n = 8, 14%), spinal
cord compression by neurofibromas (n = 2, 3%}, organ
compression by neurcfibromas (n = 5, 9%), and pheo-
chromocytomas (n = 2, 3%).

Sandardized mortality ratios
Compared to the general population, overall mortality
was significantly increased in the MF1 cohort (SMR, 2.02;
O5%C1, 16-26; P < 107", The excess maortality was found
in two age groups, 10-20 years (SMR, 5.2; 95%C1, 26-9.3;
P < 10°*) and 20-40 years (SMR, 4.1; 95%Cl, 28-5.8, P <
10 ; Table 3). Sgnificant excess mortality was observed
in both males (MR, 1.8, 95% Cl, 1.2-25;, P = 0.01) and
females (SMR, 2.9; 95%CI: 2.0-4.0; P< 10*; Table 4). In
the 10-20 year age group, mortality is higher in females
[SME, 12.6; 95%CI, 5.7-23.9) than in males (SMR, 1.8;
95%Cl 0.2-64),

Assuming that patients in the unknownV'S group were
dive at last follow-up did not substantially change the

Table 1 Characteristics of the NF1 patients according to whether their vital status was known or unknown

Qinical features®

Mer (%t
Age, years (n = 1803) 259 [2-82]0
Male gender (n = 1 884) 574 {dT)
Familid case (n = 1382) 515 (57)
Al lesdt 6 cafe-auat spots m = 1883) 1 046 {86)
Frecdes (n = 1 871) 1 043 (86)
Meurofibromas (n = 1879) 823 {786)
Flexiform neurcfibromas (n = 1865) 361 (30)
Ligch nodules {n = 1453) 362 (40
Fenal arlery denoss (n = 1351) (1)
Sealiods m = 1373) 231 {25)
Monunion (n = 1835) 45 4)
Hydromsphalus (n = 1827) 23
CERI (n = &) 210 {30
Optic: pathway glioma (n = 1812) 161 {14)
MIFMSTS (= 1842) BT
Pheochromocytoma (n = 1836) 13{1)

KnownVs group n = 1226

UnknawnS group OR (95%00) 1 F value
Mo (%)

254 [02-68]0 - a1
30 (48) 08 {08-1.1) Q57
274 (5T) 1.0 {0813 005
584 (BT) 08 {07-12) 056
509 (TE) 17 (13-23) =1
495 (75) 1.0 {0:8-1.3) 08T
175 (27) 12 [08-14) 020
204 (40) 1.1 [D812) 087

30 07 [D231) 00
104 (24) 1.1 ([DE14) 07z
203 12 {07-20) 0857
2 07 {0412 02z
105 (38) 10 {0714} 096
£ (1) 13{081T) 011
16 (3) 27 (1547} <
Tl 13 [05-37) 061

Abbravigtions VW5 vital states OF, odds ratic; 95%0, 85% confidance intarval; OEMI, high T2-signal inensty lesions on magnielic resonance imaging of tha brain;

MIFMST, malgnant periphersl nerve dheath tumer.

* Values in parenthesss are tha numbars of patiants for whom data wera availabla,
Age at the end of the sudy perod in patients whoss vital sabus was known and age &l last follow-up in Thoss whoss vital status was wknown Satus

1 Parcaniages may not total 100, bacause of missing data
1The OFs were adjustad for age.
Ceata are numbers () or median [range].
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Table 2 Characteristics of the survivers and nonsurvivors among the 1226 NF1 patients whose vital status was known

Qinical features” Survivars
n=1159
No (%
Age, years, median [range] 255 [2-714)
Male gendes 548 4T
Familia case {n = 847) 408 (58)
At leest 6 café-audat spots (1220 o5 (55
Frecdes (n = 1217) 05 (B5)
Meurofibromas jn = 1215} BE3 (75)
Pexdfiorm neurofibromas (n = 12089) 333 29y
Lisch nodules (n = 954) D6 (40)
Fena artery stenoss (n = 601) 5 (1)
Sooliogs (n = 534) 222 (25)
Monunion {n = 1 184) 43 (4)
Hydroephalus (n = 1 190) 3
Rl i = 526) 202 (40)
Optic pathwvay glioma (n = 11728 151 (13)
MEMST (n = 1196) 44 i)
Pheachromacytoma (m = 1193} 101

Monservivars OR P value®
n= 67 (95%C1E
Mo (3T
317 [0-80] ; 0008
31 (46) 100617 048
17 (53) 07 0314 D62
4B (74) 06 {0311 007
58 (38) 11 {05-24) 074
B0 {30 31 (1284 o0z
28 (A7) 18 (11-30) o
16 (a0 09 {05-13) 0.8
00 - 060
9 (18) 06 {03-13) 023
2(3 07 {02-32) 070
1§2) 06 (01-44) 060
& (300 06 ([0315) 0,30
1117 12 (0626 055
36 (55) 2 (174-559) <10
315 43 (1.1-16.3) 03

Abbraviations OR, ofds ratio; 95%0, #5% confidance intarval; OBMI, high T2-signal intansity lesions on magnatic resonance imeging of the brain; MPRST,

malignant peripheral nerve shealh fumar,

*velues i parentheses are the numbers of patiants for whom data were avallabla.

Percentages may not total 100, because of missing data,
1The OFS ware adjusted for aga,
Data are numbears (3%} or median [range].

excess mortality in patients aged 10 fo 20 years (SME,
3.3, B5%CI, 1.6-5.8;, P = 0.01) or 20 to 40 years (SMR,
2.4; 95%Cl, 1.6-3.4; P = 0.001). When we confined the
analysis to the 633 patients born after January 1, 1980,
we found excess mortality in patients aged 10 to 30
years (SMR, 3.9; 95%CI, 2.3-6.3; P < 10™). The excess
mortality in this subgroup seemed higher than in the
overdl cohort.

Discussion

Significant excess mortality was found in our overall
cohort and in the subgroups aged 10 to 20 and 20 to 40
years, We did not find excess mortality in the subgroups
aged more than 40, 1t could be relaled to lack of power
due to avery low number of persons over 60, Excess
mortality was significant in both females and males; in
the 10-20 year age group, excess mortality was signifi-
cantly higher in the females than in the males, The vast

majority of deaths were due to malignancies and other
complications of MF1.

We retrospectively identified consecutive NF1 patients
referred to the French Mational Referral Center for Neu-
rofibromatoses. An important strength of our study is
that all patients had a definitive diagnosis of NF1.
Furthermore, the overall prevalence of NF1 manifests-
tions in our cohort was consistent with previous reports,
[11] indicating that our cohort was representative of the
MF1 population. We used multiple sources of informa-
tion to determine vital stalus. Nevertheless, vital status
was known for only about two-thirds of the patients,
which may have resulted in information bias. However,
to avoid overestimating mortality, we conducted an ana
lysis assuming that all patients whose vital status was
unknown were alive at last follow-up. We again found
sgnificant excess mortality among NF1 patients aged 10
to 40 years compared to the general population.

Table 3 Mumber of deaths (n) and SMRs among the NF1 patients by age group

Age, years Parson- Years Observed Deaths
<10 11 8055 4
100 <20 475 11
20 to =40 10 385 31
40 o <60 65T S 11
L] 480 10

E¢pected Deaths iR a5%0
42 088 0324
21 52 26-93
Th 41 2B58
116 04 0517
77 13 0624

MR dandardized martality ratio (obasrved deslbs'epected deaths); 95701, 55%. confidence inlens.



tel-00853858, version 1 - 24 Aug 2013

Duong et al. Orphanet Joumal of Rare Dissases 2011, 6:18
e P ojrd comd conlentf 6 1,18

Table 4 Number of deaths (n) and SMRs among the NF1 patients, by age categories (years), by sex

Male

Age, Person- Ohbserved Expected MR 85%0

years Years Deaths Deaths
=10 55685 1 18 06 001-31
10 to =20 4000 2 11 18 0264
20 o =40 42625 19 44 43 2667
40 o <60 12725 5 55 0g 0321
260 hLevas £ 45 ng 0221

Another limitation of our study is the retrospective
design, which may have resulted in survivorship bias
with underestimation of mortaity due to higher values
for both patient attrition and mortality in the older
patients, Howewver, when we conducted an analysis con-
fined to patients born after the beginning of our study
period, we =ill found significant excess mortality com-
pared to the general population. Finally, our hospital-
based recruitment may have led to a bias toward
patients with more severe forms of NF1 and, therefore,
to overestimation of the 8M R, However, our findings
are consistent with previous reports [4,5,9].

Among the 58 patients who died and in whom the
cause of death was known, 56 died from NF1 complica-
tions, chiefly maignancies (MPNST s in 80% and cere-
bral tumors in 14%). Our results are consistent with
those of a prospective study of the incidence of cancer
in NF1 patients in the UK [8]. In this study, the overall
risk of cancer was 2.7 times higher in NF1 patients than
in the genera population, and increases were found in
central nervous system tumors and connective tissue
tumors, as well as in breast cancer in women younger
than 50 years (standardized incidence ratio, 4; 95%CI,
1.1-10.3). The risk of mortality related to breast cancer
was not reported. In our study, we did not assess the
prevalence of breast cancer, which was not the reported
cause of death in any of the patients, Similarly, in a
death certificate study done in the U5, MF1 patients
were 34 fimes more likely to have a malignant connec-
tive or other soft tissue neoplasm listed on their death
certificate than patients without NF1 [9]. The propor-
tionate mortality ratios for malignancies were 6.07 for
patients who died between 10 and 19 years of age and
4.93 for those who died between 20 and 29 yesrs of age
Proportionate mortality ratios were also increased for
central nervous system tumors and vascular disease. The
authors concluded that the impact of NF1 on mortality
from malignancies and vascular disease was focused on
patients younger than 40 vears of age [9]. In our cohort,
cardiovascular dissase was not reported as a cause of
death. Our chart review did not assess cardiovascular
marbidity and we also did not estimate the cardiovascu-
lar risk in NF1 patients.

Page 6 of 8
Female

Person- Ohserved Eepected IR 95%0

Years Deaths Deaths
6336 3 148 1.7 D348
4875 8 o7 126 57-238
81325 12 28 47 24-82
2385 i} 48 13 0527
375 8 27 23 045

In our study, MPNST s were the leading cause of death
(n = 33, 60%). NF1 is widely recognized as a risk factor
for MPMNSTs, and the lifetime risk of MPNSTs in NF1
patients has been estimated at 8% 13% [1,12]. In an ear-
lier study, we also found that MPNST was the main
cause of death and that risk factors for MPMST were
the absence of cutaneous neurofibromas, presence of &
least two subcutaneous neurcfibromas, and facia asym-
metry [6]. Further studies confirmed that subcutaneous
neurcfibromas predicted mortdity (OR, 3.6; 95%CI, 1.2-
11.3) [7] and that internal plexiform neurofibromas
were strongly associated with MPNEST (OR, 18.08; 95%
Cl, 4.55-T3.4) [13]. We did not have detaled informa-
tion on these festures in our patients and were therefore
unable to assess their potential relationship to mortality.
MNonsurvivors had fewer café-au-lait spots than did sur-
wvivors. Furthermore, exeess mortality was confined to
patients aged 10 to 40 years. These two variables are
among the four used in the NF1 score for predicting
internal neurofibromas (age =30 years, fewer than six
café-au-lait spots, no cutaneous neurofibromas, and two
ar more subcutaneous neurofibromas) [14]. Internal
neurofibromas are strongly associated with MPMNSTs
[14].

In our study, median age at death was 31.7 years
[0-77.49], that is, considerably younger than in previous
studies. However, our patients were young, with a med-
ian age of 25.9 years at the time of the analysis. In a
Jpanese death certificate study, mean age & death from
neurcfibromatoss was 43 years, but NF1 and MF-2 were
not clearly separated [15]. In a death certificate study
done in the US, mean age at death in NF1 patients was
54.4 years, that is, 15.7 years younger than in the
general population [9]. In this study, the authors used
multiple-cause mortality files compiled from US death
certificales and identified 3770 cases of presumed NF1
among the 32 722 122 deaths recorded from 1983 to
1997 [9].

Mean age at death in our study was lower in females
than males, in kesping with an earlier study [8]. We also
found that excess mortality was significantly greater in
females than in males between 10 and 20 yvears of ape, Sax
hormones may affect the NF1 phenatype, Immunoganing
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studies identified the progesterone receptor in neurofi-
bromas [16]. Furthermore, orthotopic xenografts of an
immaorta human NF1-derived Schwann cgll line into
the sciatic nerves of female mice with severe combined
immunodeficiency produced MPNST s, and tumor cell
proliferation was decreased in ovariectomized mice
and restored by estrogen or progesterone replacement
therapy [17]. Additional experiments by the same
group supported a role for estrogen and progesterone
on the growth of MPNST abtained by xenografting
[18]. Finally, in vitro and in vivo studies on MPNST
cell lines or MPNST xenografts showed that tamoxifen
inhibited malignant cell growth in an estrogen-
receptor-independent manner [1,19].

In conclusion, our evaluation of SMRs indicates signif-
icant excess mortality in NF1 patients compared to the
general population. Although the retrospective design
and hospita-based recruitment are limitations of our
study, the predominance of cancer among causes of
death is consistent with earlier work. We found that
excess mortality was confined to the 10-40 year age
group and that females in the 10-20 vesr age group had
significantly greater excess mortality than males. Addi-
tional studies following our cohort ageing might accu-
rately assess mortality above 40 yvears in NF1 patients.

Abbreviations
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Acknowledgements

‘W thank « Association Neurofibromatoses et Reckinghausen » and « Ligue
Trangaise de lulle conbe les Neurofibromaboses » for them sppont for this
Sudy, W are graleful Frangois: Talhardal Tor ber helg in The collection of
tha data. The authors are indebted to Inserm CépiDC for their help in the
colection of death. The authors are indebted to Antoinette Wolfe for her
elpful resdesw of the manuscript,

Suthor details

"BRHP Hipital Henri-Mondor, Service de Dematologie, F34010 Crétei,
France. “Univarsité Paris Eat, F-4010 Crétail, France. *AFtHP, Hapital Hansi-
Mondor, Phle Recherche Qinbgue-Santé Fublique, F34010 Crétel, France,
AR HP, Hpita Henrl-Wandar, Centre de référence des Neurofibromatoses,
F84010 Critesl, F-34010, France. "Universite Pars B4, UIC B85398 (Laboralaine
dinvestigation Jiniqua), 4010 Crétsil, France. S_nité Rechercha Cinigque,
APHP, Hopita Henn-Miondor, F84010 Oréteil, France. Université Paris B,
INEERM, Centre dinvestination Ginlgue 008, F-O3010 Onétell, France. BARLP
Hapital Necker-Enfanls Malades, Service de Dermatologie, Cenbre de
rislérgnce des Maladies Gendligues & Bpresion QulandeF-T5743 Pars,
Universté Paris-Descartes, France. “APHP, Hapita Mecker-Enfants Malades,
Seniice d'Orthopédie, F-75743 Paris, France. WapHP Hapital Mecker-Enfants
Maades, Serdce de Génétique, F-75743 Pans, France. T"ARHP, Hapital
Necker-Enfants Malades, Service de Neurochinungie, Pans F-T5743, France,
ZpRHP, Hapital Troussen, Service de Newopédialie, Paris F-TE5T1, Frano,
Mnivarsté Ferme et Marie Curie, Paris, France,

Page T of 8

Authors’ contributions

SBG, PW and LA have made subabantisl contributions to conception and
design, SBG BW TAD, 5F, OV and ES have made substantial contributions 1o
axjuigtion of dala or ansyds and inlerpretation of data 586G PW, TAD and
B b B irvecshvedd in dirafling [he manuscript or resdgng il critically for
impartant intellactual content. All the authors have given final approva of
the verdgon submitted for publication.

Competing interess
The aulhors decare thal they have no competing inferess

Received: 10 March 2011 Accepted: 4 May 2011 Published: 4 May 2011

References

1. Huson 3, Compaton DA, Qark P, Harper PR A genetic study of van
Recklinghausen newalibromatoss in soulh e Wales Prevalence,
fitness, mutation rate, and effect of parantal transmission on savarity. J
Med Cengt 1983, 26570411,

2 Nalond Ingtitutes of Health: Consensus Develaprment Conferance
Saternent; neurofibromaloss Bethesda Md,, USA, July 13-15, 1987,
Meurslibrormaloss 1583, 11724,

3 Shwen MH, Harper PS Upadhyaya M Molacular genetics of
naurafibromatoss type 1 (MF1)L J Med Ganat 1866, 33217,

4, Folier M. Rermbeds B Akesson HO, Angervdl L Ufe expectancy, morality
and prognostic factors in neurofibromatosts type 1. A twelve-year
Tallee-up of an epademiclogical shudy in Galeborg, Sweden. Ada Dem
“eneraol 1985, 7513640,

5 Sorensen SAMU Mielsen A Long-term follow-up of von Reclinghawsen
neurofibromatods Sunvival and maignant neoplams N Bholand J Med
1866, 17106

B Whogolehrani K Baluji-Gain 5 Zeller J Fevuz J Wolkensiein P Oenical risk
factors for mortality in patients with neurcfibromatoss 1: a cohort sudy
of 378 patients. Arch Demnatol 2003, 138187-01.

7. Fhosratehrani K, Bashul-Gann 5 Rocard| W, Binch P, Friedrman W,
Wolkenstedn P Suboutaneows neurofibramas are associated with
muartality in neurafibromatoss 1: a cohort study of 700 patients. Am J
Med Genat A 2005, 1328:48-53.

B Waer LTD, Baston D. Fonder B, Fonder M, Frading | Baralle D A
praapective study of newrafibromatosis type 1 cancer Incldenca in the
UK B J Coneer 2006, 172538

B Remussen 34 Yang O Fiedman M Modalily in neurafibromatoss 1
an analyss using U5 death carificates. Am J Hum Ganet 2001,
B8:1110-8.

10 Breslow NE Day NE Satistical methods in cancer research Volume II-The
degign and analyss of cohorl Sudies, WAC 56 Aibl 1967, B21-408

1. Fricdman M, Breh PH: Type 1 newrsfibromatogs a descriplive analyss
of the disorder in 1,728 patiants. Am JMed Ganat 1997, 01343,

12 Bvans DG, Baser ME MeGaughran 1 Sharif 5 Howerd E Moren A Malignant
peripherd nerve sheath tumowns in neurofibromatasis 1, J Med Ceng
2002, 333114,

13 Tucker T, Wolkenslain P, Revuz J, Zeller J Friedman M Association
batween benign and malignant peripheral narve sheath tumors in MF1.
Meuralogy 2005, 6520511

14 Snidian BAP Wdeyne-dlanone L Rodriguez D, Had|-Rabia 5 Ferka 5§
Lacaiir JP, Lenoand JC Tallandier L Sporlich 5 Berbes P, Bsluji-Gann 3
WF-15corec a prediction score for internal neurofibromas in
naurafibromatoss1. J invest Darmatol 2010, 130217348

15 Imazumi ¥ Mortdity of neurofibromatosis in Japan, 1968-1892 J
Dematal 1985, 22:141-5

16 Owerdick S0, Mayslepek E Rosenbaum T, Schwann colls From hurman
naurafibromas show increased proliferation rates under the influence of
progesterone. Fediatr Res 2008, 64:40-3

17, Pemin GOLH, Ashbein L, Thomson 5S4 Hwang MS Scaborough MT,
Yachnis AT, Wallaoe MR Mared TH, Muir D: An orthotoplc senograft
model of infranewal NF1 MPNET suggeds a polential asacation



tel-00853858, version 1 - 24 Aug 2013

Duang ef al. Orphanet boumsal of Rare Dissases 3011, 6:18
Pt Pawww s rd comd content 601/ 18

belwieen deraid hormoares and lumor cell proliferation. Lab et 2007,
ATAE2A02

16, Li HZX, Feshbein L, Fweh F, Campball-Thompson M, Ramin G0, Mur 0
‘Wallece M: Analyss of steroid hormone effects on xenografted human
MNF1 tumor schiwann cels. Cancer Bl Ther 2090, 15758-64,

18, Byer SEL Brogier MM, CodiederMiller B Turk AN, Caroll 8 Kappes JG
Zinn KR, Prasain K, Caroll 8 Tamowifian inhibits malignant pesipharal
nerve shaath tumor growth in an estrogen recepior-independant
manner. Meuro Onool 2011, 132841,

doi 1011861 T50-11726-18

Cite this artide as: Duong & al: Martality Associated with
Maurcfibromatasis 1: A Cohort Sudy of 1895 Patients in 1880-2006 in
France, Orphand Joumal of Fere Dissases 2011 618

Page & of &

Submit your next manuscript to BioMed Central
and take full advantage of:

+ Convenieni anline submission

* Thorough pear review

* Mo spaon constraints or calor figure charges

= Immediate publication on ecceptance

+ Indusion in PubMed, CAE, Scopus and Google Scholar
+ Ragearch which | freely available for redistribution

Bubmit your manuscripl at
e b osn 18], cm sl ( } BioMed Central




tel-00853858, version 1 - 24 Aug 2013

ANNEXE 2

Sbidian E/Bastuji-Garin S, Valeyrie-Allanore L, Ferkal S, Lefaucheur J-P, Drouet A,
Brugiére P, Combemale P, Barbarot S, Wolkenstein P. At-risk phenotype of NF-1 patients:

a multicentre case-control study. Orphanet Journal of rare diseases, 2011, 13;6:51.



Spidian et al. Orphanet Jounal of Fare Diseases 2011, 6:51
hiEtpa Panened ojrd comiconten g 1057

RESEARCH

OF RARE DISEASES

-‘.“E,@ ORPHANET JOURMNAL

Open Access

At-Risk Pnenotype of Neurofibromatose-1
Patients: A Multicentre Case-Control Sudy

Emilie Sidian'#*", Sdvie Bastuji-Garin"**T, Laurence Veleyrie-Allanore™*, Salah Ferkal®® Jean P Lefaucheur™
Alain Drouet™"", Aemre Brugiére”, Cadric Midette'”, Patrick Combemale'""?, Sébastien Barbarot'®,

Fee Wolkenstein™** and for NF France Network’

Abstract

Objectives: To asess asodations between subcutaneous neurofibromas (SC-NFs) and intema neurofibromas in
patients with neurofibromatoss type 1 (NF-1) and to determine whether the association between SC-NFs and
peripheral neuropathy was ascribable to intema neurofibromas.

Fatients and methods: Prospective multicentre case-control study. Between 2005 and 2008, 110 NF-1 adults

having two or more SC-NFs were individually matched for age, sex and hospital with 110 controls who had no S5
NF, Patients underwent standardized MR of the spinal cord, nenve roots and sciatic nerves and an
electrophysiclogical study. Analyses used adjusted multinomial logistic regression (ORa) to estimate the nsk of the
presence of intemal neurcfibromas or peripheral neuropathies associated with patients presented 2 to 9 SCNFs, a
least 10 3C-NFs as compared to patients without any (referential category).

Fesults: Cases had a mean age of 41 (+ 13) years; 85 (80%) had two to nine SC-NFs and 21 (199%) at leadt ten SC-
MFs. SC-MFs were more gtrongly associated with internal neurofibromas in patients with ten or more SC-NFs than

tel-00853858, version 1 - 24 Aug 2013

MR
Registration details: ORPHABE301

in patients with fewer NF3Cs (eg., sciatic nerve, aOR = 291 [85 to 100] vs 4.3 [21 to 90]). The association with
SC-MFs was stronger for diffuse, intradural, and = 3 cm intema neurofibromas than with other intermal
neurafibromas. Axonal neuropathy with slowed conduction velocities (S0V) was more stirongly associated with
having at least ten SC-NFs (a0R = 299, 55 to 162.3) than with having fewer SC-NFs (a0R = 4.4, 09 to 220).
Bivariate analyses showed thal the assodation between awona neuropathy with S0V and sciatic neurofibromas was
mediated by the association between SC-MFs and sciatic neurofibromas

Conclusion: The at-risk phenotype of NF-1 patients (e, NF-1 patients with SC-NFs) is ascribable to associations
linking SC-MFs to intermna neurofibromas & risk for malignant transformation and to axonal neuropathies with
dowed conduction velocities. Awona neuropathies with S0V are particularly commaon in patients with at least ten

Introduction

Meurofibromatosis type 1 (MF-1 [MIM 162200]) is a
common autesomal dominant disorder associated with
increased morbidity and mortality(1]). Meurofibromas are
the halmark of NF1. They are benign tumors that arise
from connective tissue of nerve sheaths, especidly the

* Comespondence: sylviebasbuji-garini@mnephpfr

1 Contributed equalhy

Trihversite Paris Bt (UPED), LG BAA595 (Laboratalre d'imvestigation Clinkgue),
F-84010 Cridtel, Framo

Fuill ligt of author information is availsble at the end of the aride

endoneurium, We used the classification proposed by
Riccardi which defines four categories of neurofibromas
[2]: (i} cutaneous neurofibromas, presenting as an exo-
phytoc tumor moving with the skin on examination, (i)
subcutaneous neurofibromas that lie deeper in the skin,
do not move with it, are firm to palpation and may be
tender {iii} internal or deep neurofibromas may involve
any nerve anywhere along its length and are not pal-
pated. They are therefore identified later in their course
of growth (iv) plexiform neurofibromas may involve
multiple fascicles and branches, and extend into

2011 Shidian et a; lcenses BoMed Cerdral Lid. This is an Open Access artide distributed under the tarms of the Creative Commions

(_) BioMed Central  Attribution Licenss fhitpscreslivecommonsang  feenses'by 20), which perits unresricled use, disribulion, and regroucion in
any mexdium, provided the origing work is property ciled.



tel-00853858, version 1 - 24 Aug 2013

Spidian e al. Orphanet Jounal of Fare Diseases 201, 6:51
hitt o Faws ajrd comieonten g/ 1751

surrcunding structures. Clinical investigation identifies
thickened hypertrophic skin, hyperpigmentation of tis-
sue and subcutaneous tumor [2,3).

Subcutaneous neurofibromas (3C-MFs) were indepen-
dently associated with mortality among adults with NF-
1in two independent populations from France [4] and
Marth America [5]. The main causss of death were
spinal cord compression by internal neurofibromas and
malignant peripheral nerve-sheath tumours (MPMNST 5)
developed from pre-existing internal neurofibromas
[4.5]. A recent study demonstrated that having at least
two S0-MNFs was independently associated with having
internal mneurofibromas [6]. However, this association
needs to be characterised in detail, Furthermore, a
strong association between peripheral neuropathy and
SC-MNFs has been reported [7]. We hypothesized that
this association was related to an association between
SC-NFs and internal neurofibromas located along the
nerve roots.

The primary objective of this prospective matched
case-control study was to characterise the association
between SC-NFs and internd neurofibromas in patients
routinely investigated with magnetic resonance imaging
(MRI}, the most sensitive method for detecting internal
neurcfibromas and assessing their festures (eg., type,
distribution, location, and size). The secondary objective
was to determine whether peripheral neuropathy was
associated with having interna neurcfibromas dong the
nerve roots Periphera neuropathy was detected using a
routine dectrophysiologica study.

Patients And Methods

Sudy design

This case-control study was conducted prospectively
from February 2005 to December 2008 in three hospital
centres in France, For a type 1 error of 0,05, 100 cases
and 100 controls provided 90% power for detecting
odds ratios (ORs) greater than 3 for factors having a
20% prevalence in the general population of adults with
MF-1. We decided to select 110 cases and 110 controls
to allow for some patients being excluded secondarily
(e.g., because of contraindications to MRI). Controls
were matched individually to cases on age (+ 3 years),
sex, and hospita. The study was approved by the lle-de-
France IX (Paris, France) ethics committes, and all cases
and controls gave their informed consent.

Cases

The cases were identified among adults with NF-1 in
our NF-network database. They met diagnostic criteria
for MF-1 established at the Mationd Institutes of Hedth
Consensus Development Conference (n = 1 099) [8].
Among patients aged 17 years or older (n = 748), we
included probands and patients with sporadic dissase (n
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= 515) who had at least two SC-NFs (n = 192), defined
a5 papable nodules along periphera nerves under the
skin. We did not include patients having less than two
SC-NFs (n = 259), pregnant women, and patients with
contrandications to MR (eg. cardiac pacemaker, ferro-
magnetic or electronically operated stapedial implant,
haemostatic clip, or metalic splinters) (n = 64).

Amaong these 192 potential casss, 110 cases were
sglected at random for study incdusion.

Controls

Far each case, we looked for a contral individually
matched on age, sex, and centre in the NF-netwark
database, Potential controls were probands or sporadic
MF-1 patients who were at least 17 years old and had
ng SC-MFs and no contraindications to MRl When we
found several controls appropriate for the same case, we
sglected one at random. Thus, 110 controls were
selected.

Data collection

Data, including demographic information (age, sex and
body mass index) and clinical features were collected
during routine clinical assessments at the neurofibroma
tosls clinics by one dermatologist at each centre (SF,
PC, 8B) (Table 1). The skin lesions were described in
detail: number of café-au-lait spots, cutaneous neurofi-
bromas (0, 1, 2-9, 10-98, 2100}, and SC-NFs (0, 2-9, 10-
898, 2100); and count and location of plexiform neurofi-
bromas defined as benign peripheral nerve-sheath
tumours involving multiple nerve fascicles or branches

Table 1 Characteristics of adults with at least two
subcutanenus neurafibromas (cases) and controls

Qinical features Casesn = Contrals n = p
106 102 walug*

Malching variables

Fomale gender 62 (59 62 [&1)

Agge (years) 41 13 41 (& 14)

Qinical variables

Familid cass 56 (47) 56 (45) 076

Mo cutaneous neurcfibromsas 13 {12) 4[4} 003

Pexiform neurofibromas 66 (B2) 49 (48) o

Large café-a-al spots BE (+ 48) 101 (& 10.1) onr

(numbier)

Mo freckes 21 (1) 12 (12) o

Lisch nodules. 48 (81) 45 [80) 039

Erolinsis 46 (43) 42 (1) 075

Headache 38 (36) 41 (40) ns2

Epdepsy 2(@2) 2¢2) 097

Leaming dissbilities 5B (57) 52 (49) 024

*p walue oblaned using chi-aguare tesl or Rsher exadt of non-parametnic
Fruskal-Wallis test as eppropriata
Dt are numbers (%) or means £ 1 sandand deviation
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of major peripheral nerves. Most of the plexiform neu-
rofibromas were cutaneous or subcutaneous and were
identified clinicaly. Other items were coded as present
or absent. Orthopaedic complications (scoliosis), neuro-
logical sbnormalities (headache, epilepsy, learning dis-
abilities), and endocrinological disorders (hypertension)
were aso recorded.

|dentification and characterisation of internal
neurafibromas

All cases and controls had a standardized MBI study of
the spina cord, nerve rools, and sciatic nerve, MR was
performed using a field strenath of 1.5-T. T1- and T2-
weighted nonenhanced sequences (coronal plane)
including short-tau inversion-recovery (57| R) sequences
were acquired using a slice thickness of 4 mm with no
gap. The image matrix was 512/256. Three coronal
images {cervico-thoracic spine, thoraco-lumbo-sacral
sping, and pelvis'thighs) were acquired to characterize
the internd neurofibromas. MRl data were reviewed by
a senior radiologist (PB) who was unaware of the dinical
features. We recorded the presence of interna neurofi-
bromas, their type (along the spinal cord or sciatic
nerve roots), their distribution (focal or diffuse), their
size (< 3 cm or 23 om), and their location (intradura or
extradurd ).

Bectrophysiological study

All cases and controls underwent a standardized dlectro-
physiological study to look for periphera neuropathy.
The investigation included sensory motor nerve conduc-
tion study for the superficial/ deep peroned nerves and
the sural/tibial nerves at both lower limbs and for the
median and ulnar nerves al one upper limb, The elec-
trophysiclogical data were reviewed by a senior physiol-
ogist {JFPL) who was unaware of the clinical features,
Patients were classified as having either no neuropathy
(normal nerve conduction study) or an axonal distal,
sensory-predominant polyneuropathy (characterized by a
bilateral and symmetric reduction of sensory nerve
action potential amplitude at the lower limbs with less
marked abnormaities regarding motor nerve conduction
parameters and upper limb results). Among axond neu-
ropathies, we differentiated those with and without slo-
wed conduction velocities (SCVs). Neuropathies with
and without SCV's shared the same presentation in
terms of action potentia amplitude reduction, but neu-
ropathies with SCWs additionally showed moderate but
diffuse decrease of motor nerve conductions, very
homogeneoudy, without any increassd temporal disper-
sion or conduction block. Therefore, we assumed that
neuropathies with SCVs were primarily axonal because
they did not present any relevant criteria in favour of a
demyeinating process [9]. We aso defermined the pre-
sence of proximal/nerve root involvement ("radiculopa-
thy") according to a selective alteration (absence or
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prolonged latency) of the F-waves and H-reflexes at the
lower limbs.

Satistical analysis
Data were double-keyboarded and analysed using
STATA software version 11 (Rata Corporation, College
Station, TX, USA). All tests were two-tailed and p
values = (.05 were considered statistically significant.
Cluantitative variables are reported as mean + standard
deviation (30) and qualitative variables as number (%,
First, we compared cases and controls using univariate
analyss (chi-square test or Fisher exact test as appropri-
ate), Then, logistic regression models were used to esti-
mate ORs adjusted for matching variables (aQRs) with
their 25% confidence intervals (95%C1s) for each charac-
teristic of internal neurcfibromas (spinal cord or sciatic
nerve root, intra or extradural, diffuse or foca, size, and
size category < 3 cm or 23 cm). Smilarly, we estimated
a0Rs with their 95%C|s separately for each type of per-
ipheral neuropathy and radiculopathy. Then, to test our
hypothesis that the association between SC-WNFs and per-
ipheral neuropathy was related to interna neurofibromas
dong the nerve roots, bivariate andyses incuding periph-
eral neuropathies and internal neurofibromas were per-
formed. Finally, to assess whether the number of SC-NFs
was associated with internal neurofibromas and/or per-
ipheral neuropathy, cases were cassified into two groups
based on whether they had two to nine SC-NFs or at
least ten SC-MFs. The, risk associated with each of thess
categories versus the controls (no 3C-NFs) was estimat ed
using adjusted multinomial logistic regression (aOR]).
Control patients were the referential category.

Results
Between 2005 and 2008, 110 cases were matched for
age, sex, and hospital to 110 MF-1 controls, Four cases
and eight controls were excluded secondarily because
their MR scans were not interprefable. Table 1 reports
the characteristics of the 106 cases and 102 controls.
The cases had a mean age of 41 (+ 13) years, 59% were
females, 85 (80%) had two to nine SC-NFs and 21 (199
at least ten SC-MFs. There were no significant differ-
ences between cases and controls for age and sex
(matching variables) or dinical features (eg., dermatolo-
gical characteristics, orthopaedic complications, and
neurclogical abnormalities) except the cutaneous and
plexiform neurofibromas. Significantly greater propor-
tions of cases than controls had no cutaneous neurofi-
bromas (p = 0.03) and at least one plexiform
neurofibroma (p = 0.04), Cases had fewer large café-au-
lait spots compared to controls but the difference was
not statistically significant (p = 0.07).

Table 2 summarises the results of the univariate analy-
sis, The presence of SC-NFs was strongly associated
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Table 2 Presence of internal neurcfibromas in cases and controls

Cases, no= 106 (3) Controls, n = 102 (%) s Ratio® (25%0) p value™
Paraspinal neurcfibromas 54 (51) 20 {20) 43(22-82) =10
Distribution
Mone 52 (48) B2 (1) 1
Foca 26 (25) 16 (15) 26 (12 - 53)
Diffurss 78 (26) a4 147 (38 - 57.3) = 10
Location
Mone 52 (48) B2 (81) 1
Evradural 37 (35) 17 (16) 32 (16 - 64)
Intracdiuiral 17 (16) gk B (23 - 330 = 0t
Size
Marws 52 (489) B2 (81) 1
< 3em 30 (28) 14 (14) 34 16-72)
=3 om 24(23) & {5) B3 (23 - 174) < !
Sciatic neurofibromas &0 (47) 13{13) 6128 -130) =10
Distribution
Mone &3 (60) 0 (38) 1
Focal 15 (14) a9 27 {11 - 6B)
Diffuse 28 (26) 33 154 (40 - 587) = 10
Size
M 55 (53) £ (8E) 1
< 3 (3 a9 68 (25- 138)
=3 em 17 (16) 4(4) BA (21 - 222) < 1

* Cdds retio with 95% confidenca intarval (85% Q) by logistic regression adjusted for matching veriebles (age, sex, hogpital)

*p value from logislic regresson

with having paraspinal neurofibromas (aOR, 4.3; 95%CI,
2.2 to 8.2) and sciatic neurofibromas (a0R, 6.1; 95%CI,
2.8 10 13). The associations tended to be stronger for
diffuse vs. focal paraspinal neurofibromas, intradura vs,
extradural neurcfibromas, and interna neurofibromas
measuring at least 3 cm v less than 3 em. Smilarly, for
sciatic neurofibromas, diffuse distribution and tumour
size of at least 3 cm showed trends toward stronger
assaciations with SC-MFs than focal distribution and
size smaller than 3 cm, respectively. Fingly, the pre-
sence of axona neuropathy with SCV's was significantly
amociated with having SC-NFs (a0R, 7.7, 95%LC1, 16 to
3686) (Table 3).

Radiculopathies were not significantly associated with
the presence of SC-NFs (Table 3).

The joint analysis identified no interactions betwesn
variables associated with the presence of SC-MFs. A
strong association was found between the presence of
sciatic neurcfibromas and that of axona neuropathy with
SCVs(aDR = 221, 95%Cl, 4.2 to 115.3). In the bivariate
analysis including axonal neuropathy with SCWs and sciar
tic neurofibromas, axonal neuropathy with SCVswas no
longer associated with SC-NFs (a0R, 3.0, 85%C1, 06 to
15.1; p = 0.18). The association between axona neuropa-
thy with SCV's and SC-MFs persisted only in the sub-
group with sciatic neurofibromas (a0R, 2.00; 95%CI, 1.01
to 4.12; vs. a0R, 0.69; 95%C1, 0.24 to 4.12 in the sub-
group without scigtic neurofibromas). Thus, the assodia
tion between SC-NF and axonal neuropathy with SC\V's
was due to the presence of internal sciatic neurofibromas.

Table 3 Presence of peripheral neuropathies in cases and controls

Cases n = 106 (%) Contrals n = 102 (%) Odds Ratio® (95%01) p (chi®)
Peripharal Meuropathies
rone a5 (B0} 94 (52} 1 0008
aond T B (5) 13 {04 - 40)
awond with 50w 14 (13} 212 77 (16 - 365}
Fadiculopathies 24 (23) 14 (14} 18409 - 38) Qg

*Cdds ratio with 8% confidanca intarval (5% CI) by logistic regression adjusted for matching variables (age, sex. hospital)

" gowed conduction velocities
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In the multinomial logistic regression analyss, patients
with at least ten SC-NFs had a significantly higher risk
of paraspina neurofibromas (aOR, 82; 95%CI, 104 to
647.9) compared to patients with two to nine SC-NFs
(#0OR, 2.7; 95%CI, 14 to 5.3) (Figure 1). This dose-effect
relationship was observed for distribution, location, and
sze (Figure 1, Table 4). Smilar dose-effect relationships
were found for sciatic neurofibromas, particularly
regarding distribution, location, size (Figure 1, Table 4).
Finally, axona neuropathies with SCVs were more com-
mon in patients with at least ten SC-NFs (a0R, 29.9;
85%C1, 5.5 to 162.3) than in patients with two to nine
SC-NFs (a0R, 4.4; 95%C1, 0.9 to 22.0) (Figure 1).

Discussion

This study shows that sub-cutaneous neurofibromas
were significantly associated with having paraspina and
sciatic neurofibromas detected by routing MRI. The
strength of the association tended to be higher when the
paraspinal and scigic neurofibromas were diffuse, intra-
dural, and at least 3 cm in diameter. Moreover, para
spinal and sciatic neurcfibromas were significantly more
common in patients having at least ten SC-NFs than in
patients having two to nine SC-NFs A dose-effect rela
tionship was dso found for distribution, location, and
size of the interna neurofibromas. Finaly, our data indi-
cate that the strong association between SC-NFs and

W10 SCNF =i

Page 5 of &

axonal neuropathy with SCVs is due to the association
betwesn SC-NFs and internal neurofibromas.

Meurofibromatosis-1 (MF1) is a common dissase with
an increased propensity for developing both benign and
malignant tumaors [10]. MF1 has been reported to be
associsted with a 15-year decrease in life expectancy [1].
One of the @ams of the Réseau NF-France was to iden-
tify clinical predictive factors for maortality, in order to
better adjust the follow up and propose new treatments
for digible patients. We previoudy demonstrated in two
different NF1 populations, from France [4] and Morth
America [5], that the presence of at least 2 subcuta-
neous neurcfibromas was associated with a higher risk
af death, The man causes of desth were compression of
neighboring organs due to internal neurcfibromas, and
malignant peripheral nerve-sheath tumours developing
from preexisting interna neurofibromas.

The main concern in the long-term clinical manage-
ment of adults with NF-1 is the identification of patients
at high risk for MPNST s developed from pre-existing
internal neurofibromas. At present, no effective tresat-
ment is available for MPNST untreatable by surgery.
Mew treatments are usually approved based on proof of
efficacy in a controlled trial. When conducting con-
trolled trials, an important consideration is patient selec-
tion bassd on severity of illness. Controlled trials in
adults with MF-1 should target patients who have a

W LS80 NFin=21}
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Figure 1 Odds ratics (ORs) with their 95% confidence intervals for several types of internal neurofibromas and peripheral
neuropathies in patients with two to nine subotaneous neurofibromas (SC-MNFs) or at least ten SC-MFs. The ORs azodated with each
type of intema neurofibroma and periphera neuropathy were estimated using multinomid logistic regression adpsted for the matching
variables (age, s, and cendre), ugng the conlrol group of patients with neuralibromaloss type 1 and no S0NFs {n = 102) as the relenence

categaory. OFs were log-trandformed.
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Table 4 Asscciation between subcutaneous neurofibraomas (SC-NFs) and several types of internal neurofibromas and

peripheral neurofibromas

Mo SC-NFs n = 102) Contrals  2-8 SC-NFs (n = 85) OR** (95%C1) =10 SC-NFs n = 21) OR™ (85%0))

Paraspina neurcfibromas 1 27 (14 -53) B2 (104 - 64T 9)
Distribution

o = 1 1

Focal 1 24 (12 - 80) 103 {02 - 1200)
Diffuesn 1 54 (14 - 204) 4520 (484 - H00EZ)
Location

Mo - 1 1
Intracdural 1 AT (08 - 150) 1700 (256 - Z8498)
Estraclural 24 (12 - 48) 450 (54 - 3742)
Size

MNone - 1 1

< 3cm 1 2311 -49) GRE (6 - 4940)
=3 cm 1 38 (14 - 104) 1367 (148 - 12539)
Seiatic neurofibramas 1 4.3 (21 -90) 291 (B.5 - 100.0)
Distribution

Mo - 1 1

Focal 1 29(12-T0) -

Diffuese: 1 ET5-M7 2668 16 - 1TTET)
Size

None - 1 1

= 3cm 1 42 (18 -98) 72 (T2 - 1032
=3 cm 1 47 (14 - 155) 334 (65 - 1676)
Neuropathies with SC0* 1 4.4 (08 - 22) 208 (55 - 162.3)

*Feference calegary

*Odds ralio wilh 95% confidence interval (B5%00) by mullinomial logetic regression adjusled for malching vanables (age, sax, hospital), usng the control graup
of patients with neurcfibromatods type 1 and no SCNFa (n = 102) 85 the reference calegary.

*** Jawed conduclion velocties

high-risk phenolype defined by the presence of 3C-MNF.
Patients with a high risk of interna neurofibromas must
be therefore identified as polential new therapies are
being developed. For instance, there are at least seven
phasa 11711 trials in which the internal neurofibromas
are being treated by targeted therapy such as ranibizu-
mab, niltotinib... (clinicaltrials.gov). In addition, we
believe that targeted therapy will be of greater efficacy
on non-transformed internal neurofibromas. At present
time, an annual careful clinical examination is recom-
mended for dl patients with NF1 in order to detect din-
ical symptoms associated with MPNST s such as pain,
neurclogical deficit and enlargement of a pre-existing
peripheral nerve sheath tumour [11]). Routine MREI
screening, which is highly reliable for detecting internal
neurafibromas. is not recommended in patients without
the alarming clinical signs mentioned above [12]. It is
therefore critical to precisely clinically identify the
patients with the maximum likeihood of having internal
nedrafibromas and to cosaly follow them by it iterating
MBI, The first step is to assess recognizable clinical fea-
tures as potential predictors of meorbidity and mortality
in order to further improve the cinical management of

MF1. We recently developed a dinical score for predict-
ing the presence of internal neurofibromas in adults
with MF1. The NF15core, computed via a linear combi-
nation of four variables (age = 30 years, fewer than six
café-au-lait spots, no cutaneous neurofibromas, and two
or more SC-NFs), can be used to accurately predict the
presence of internal neurofibromas in NF-1 patients and
help target patients for now emerging dinical trial [€].
The high point scoring of the NF1Score is the presence
of SC-NFs. SC-MFs were highly associated with having
internal neurofibromas (OR, 4.7; 95%CI, 2.1-10.5) [&].
The sacond step, our present work, was to confirm and
explan a detaled and unbiased characterisation of the
links between interna neurofibromas and SC-NFs. To
our knowledge, this was the first controlled study invol-
ving a detailed characterization of the relationship
between SC-MNFs, interna neurofibromas, and peripheral
neuropathies in adults with NF-1.

The interna validity of this study depends on many
factors, including the unbiassd recruitment of cases and
controls and the accuracy of the information obtained
about the presence of internal neurofibromas, MR, an
extremely reliable method for detecting internal
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neurcfibromas. was performed routingly in al our cases
and controls. Assessment bias was minimized by having
the MRI data reviewed by senior radiologist (PB) who
was unaware of the clinical data. Assessment bias was
minimized by having the electrophysiological data
reviewsd by senior physiologist (JPL) who was unaware
af the MRl data. Clinical information regarding the neu-
rapathy was not available. However, according to our
experience the diffuse symmelric peripheral neuropa-
thies related to MNF-1 are asymptomatic or pauci-symp-
tornatic with minor sensory manifestations [7].

Aswith all hospital-based case-control studies, selec-
tion bias cannot be excluded. However, the prevalence
of the various clinical features in the cases were similar
to those in the controls (except for the number of cuta-
necus neurofibromas) and to those reported previously
in NF-1 patients, indicating that our study population
was representative of NF-1 patients [13). Regarding the
number of cutaneous neurofibromas, the association
linking the absence of cutaneous neurofibromas to the
presence of SC-NF is in agreement with a previous
study showing higher mortality among NF-1 patients
who had no cutaneous neurofibromas [4].

In summary, this study shows a strong association
between the presence of internal neurofibromas and
the presence of SC-MF. The increased risk in MF-1
patients with subcutaneous neurofibromas (high risk
phenotype) can be ascribed in part to the associations
between SC-NFs and internal neurofibromas (prone to
transformation to MPNETs) and the presence of a
neurcpathy with SCWs The prevaence of neurcpathy
with SCVs is particularly high in patients with at least
ten SC-MFs. To better understand the patho-physiclo-
gical processes in the high risk phenotype of NF-1
patients, the next step would be to perform genotype-
phenotype correlation studies. A more severe clinical
phenotype has been reported in NF1 patients carrying
genomic microdeletions invelving MF1 and surround-
ing gene compare to patients with mutations restricted
to the MF1 genes. A recent study confirmed in a large
cohort that NF1 microdeletion patients have a signifi-
cantly higher incidence of learning disabilities and
faciad dysmorphism than patients with intragenic MF1
mutation [14]. However no association were found
between SC-NFs and MPMNETs and NF1 microdeletion
patients,

Further studies are therefore needed to find others
genes beside NF1 implied in the internal NF develop-
ment. One of the maor aims of such studies would be
to identify key targets for novel drugs’ development.
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NF-1Score: A Prediction Score for Internal
Neurofibromas in Neurofibromatosis-1

Emilie Shidian™?, Plerre Wolkenstein™3*, Laurence Valeyrie-Allanore’**, Diana Rodriguez®®57,
Smail Hadj-Rabia®®®, Salah Ferkal®'°, Jan-Philippe Lacour'", kan-Claude Leonard ™, Luc Taillandier'?,
Séphanie Sportich'®, Philippe Berbis™ and Sylvie Basiuji-Garin'**, Members of the NF France Network

MF-1is associated with a 15-year decrease in life expectancy. Internal neurofibromas are associated with increased
morbidity and mortality through malignant transformation and compression of neighboring organs. Our purpose
was to develop and to validate a clinical score for predicting internal neurofibramas in adults. The development
sample comprised 208 patients and the validation sample 191 patients. The score was developed using logistic
regression. Discrimination and calibration of the model were evaluated. Four variables were independently
associated with internal neurofibromas: at least two subcutaneous neurofibromas (odds ratio (OR)¥4.7,
[2.1-10.5]), age p 30 years (OR¥3.1, [1.4-6.8]), absence of cutaneous neurofibromas (OR 2.6, [0.97.5]), and fewer
than six café-au-lait spots (ORW20 [0.9-486]). The score computed by linear combination of the rounded
coefficients of these four variables ranged from 0 to 40 (mean, 128+ 10.8). The probability of internal
neurofibromas was computed as exp (A293p 0.11Score)exp (1p (A2.93p 0.115core)). Probabilities agreed well
with the observed frequencies indicating good calibration, and discrimination was adeguate (AUC-ROC, 0.75) in
both data sets. The presence of internal neurofibromas can be accurately predicted using a simple clinical score.
Further work will establish the score threshold that identifies patients at high risk for complications.

JD JDURNAL CLUB ARTICLE For gueslions, answers, and apen discussion aboul this article, pleass go 1o hlpdiwwwnature.comiidjoumalciub

Journal of Investigative Dermatology (2010) 130, 2973-2178; doi: 10.10365id.2010.100; published online 29 April 2010

INTRODUCTION

Meurofibromatosis-1 (NF-1 [MIM 162,200]) is a common
autosomal dominant disorder that is associated with both
morbidity and mortality (Rasmussen et al., 2001). Internal
neurofibromas are among the main causes of adverse
outcomes (Tucker et al., 2005). These tumors may causse
spinal cord compression, and about 10% of them undergo
transformation to malignant peripheral nerve-sheath tumors
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(MPMETs), which are among the main causes of death in
adults with NF-1 (Rasmussen et al., 2001). Internal neurofi-
bromas arise from the spinal nerve roots and may extend into
surrounding structures to involve multiple fascicles and
branches. They are generally asymptomatic (Tonsgard et al.,
1998), being identified only upon imaging studies. Accurate
data can be obtained using magnetic resonance imaging
(MRI), which shows large diffuse paraspinal tumors with high
sgnal intensty on T2-weighted and T2 fal-saturation images
contrasting with normal or, more often, low signal intensity
on T1-weighted images (Drouet et al., 2004; Mautrer et al.,
2006). Clinical indicators of malignancy are persistent or
increasing pain, enlargement of the tumor, and neurclogical
deficiencies (Valeyrie-Allanore et al., 2003). MPNSTs carry a
poor prognoss Diagnosis is often delayed, asimaging sludies
are not performed routinely as part of the follow-up of patients
with NF-1. Consequently, metasiatic spread is common and
survival is limited. The main prognostic factor may be tumor
sze, which governs the chances of curative surgery (Doom
et al., 1885) Therefore, an early diagnosis is a principal
objective. As MPN STs develop from internal neurofibromas, a
score predicting the pressnce of intemnal neurofibromas might
improve the early diagnosis of MPMETs as close monitoring
could be offered to patients with high-risk score values

The purposa of this study was to develop a clinical score
for predicting the presence of internal neurcfibromas in
patients with MNF-1 and to assess ils performance by
evaluating discrimination and calibration.

www jidonline.org 2173
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RESULTS

Sudy populations

The characteristics of the development and wvalidation
samples are reported in Table 1. The development sample
comprised 208 patients, 122 females (59%), and 86 males
with @ mean age of 41.10 ( 13) years (range, 20-78). Internal
neurofibromas wera present in 46 (22%) patients The
validation sample was composed of 181 patients, 108
fernales (57%), and 83 males with a mean age of 40.3
i 13) years (range 177 2), of whom 39 (20%) were classified
as having internal neurofibromas, There were 304 patients
whose internal neurofibroma status was unknown and who
therefore were not included in the validation sample; thair
characteristics were not significantly different from those of
the validation sample (data not shown).

Model development

In the univariate analyses, five variables were associated, or
nearly associated, with internal neurcfibromas age p 30
yvears, at least two subcutaneous neurcfibromas, fewer than
ax café-au-lait spols, absence of cutaneous neurofibromas,
and absence of freckles (Table 2). Mo significant interaction
was observed between these parameters, Absence of freckles
was strongly associated with the other variables and was not
independently associated with internal neurcfibromas in
the multivariate analysis. The four remaining wvariables

Table 1. Characteristics of the patients with NF-1
included in the development (n=208) and validation
(n=181) samples

Development sample Validation sample

Clinical featurs n=208 n=191
Female gander 122 (59} 108 (5T)
Age p 30 years 48 (23) 46 (24)
Familial case 112 (54} 127 (6T)
X 2 Subeutaneous 106 (51} 111 (61)
neunfibromas

Mo cutaneous 13 (8} 30 (18)
neuralibramas

Flexiform neurcfibromas 114 (G5} 95 (50)
o G Café-au-lait spois 43 (21) 58 (3
Mo freckles 39 (19) 31 (16)
Scolioss BT (42) 30 (47)
Pseudarthrogs 6 (3) 6 (3)
Headache T4 (38) TT(40)
Epilepsy 4(2) Bi4)
Hydrocephalus. 3 (1) T4
Lesarning disabilities 109 (52} 98 (51)
Facia asyrmmetry 20 (10} 13
Hyperlensan 17 (B) 23 (12)
Internal neurcfibroma 46 (22} 30 (20)

Abbreviation: NF-1, neurofibromatosis-1.
The data are the numbers of patients (3]

2174  bumal of Investigative Dermatology (2010), YVolums 130

were independently associated with internal neurcfibromas
(Table 3). Calibration was excellent (Hosmer-Lemeshow
datistic 2.4, df¥44d; P140.66) and discrimination was good
{area under the receiver-operating characteristic curve (AU C-
ROC) Y075, 95% confidence interval (Cl), 0.7-0.8). The
b-coefficients derived from the four independent predictors
were multiplied by 10 and rounded to the nearest integer
(Table 3). Loss-of-fit related to the rounded coefficients
was negligible (Hosmer-Lemeshow slafistic V4.5, df 47,
P4 0.5). Discrimination was amilar (AUC-ROCYW0.75; 95%
Cl, 0.68-0.82) Table 4 shows the senstivity and the
specificity of the different cut-off levels of the score in the
development sample. False-positive and  falss-negative
rates can be deducted from sensitivity and specificity
(1 — specificity and 1 — sensifivity, respectively). The score
was then computed by means of a linear combination of the
rounded coefficients Score %410 Aage p 30 years)p 10 4ab-
sence of cutaneous neurofibroma)lp 154X 2 subcutaneous
neurcfibromasip 540 6 café-au-lait spots). Bach factor was
assigned the value 1 if present or 0 if absent. Therefore, the
acore could range from O to 40. The mean score was 12.8
{+ 10.8). An equation basad on the logistic regression model
was developed to convert the score into a probability of
having internal neurofibromas in the following manner: exp
{A2.93 b 0.11*Scorefexp (1p (A2.93b 0.11"Score)).

Model assessments

Internal validation. The shrinkage coefficients obtained by
bootstrapping methods were similar to those based on the
logigtic regression model: a%%a* 1.05 and b%4b*0.98.

External validation. The score maintained adeguate discri-
mination and calibration (Hosmer-Lemeshow statistic 12,7,
dfva9; PY0.2; AUC-ROC¥0.73) when it was applied to
each member of the validation sample. Table 5 shows
the predicted risk of internal neurcfibromas for each
possible score,

DISCUSS0ON

Our study shows that easily recognizable clinical features can
be used to predict the risk of internal neurofibromas among
adults with MF-1. Four factors were independently associated
with internal neurofibromas: at least two subcutaneocus
neurcfibromas, absence of cutaneous neurcfibromas, fewer
than 6 café-au-lait spots, and age p 30 yvears. The MNF-15core
was computed as follows 10 (age p 30 yvears)p 10 (absence
of cutaneous neurofibromas)p 15 (X 2 subcutaneous neu-
rofibromas)p 5 (o 6 café-au-lait spots). This score had
excellent calibration and good discrimination.

Special attention was given to selecting the development
sample. Our goal was to select a population of MF-1 patients
systematically investigated with MRl as this method is
highly reliable for detecting internal neurofibromas As part
of the case-control study that included the patients in the
development sample, the MR data were reviewed by senior
radiologists who were masked to the clinical features, to
minimize assessment bias. Furthermore, the prevalence of the
various clinical features in the development sample was
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Table 2. Univariate analysisin the development sample (n=208) of factors suspected to be associated with internal

NFs
Intermal neurafibroma

Mo (= 162) g (ned6) Odds ratio (85% CI)' Pvalue®
Fermale gender 97 (50) 25 (58) 1.3 [0.6-2.4) 0.502
Age p 30 yesrs 30 (18) 18 {38) 2.8 (1.4-6.9) 0.004*
Familial cases a8 (54) 24 (52) 0.9 (0.5-1.8) 0.800
X 2 Subcutaneous neurafibromas T0 (43) 36 (78) 4.7 (2.1-10.6) o 10742
Mo cutaneous NF 8 (6) 10 22) 4.7 (1.7-12.8) 0.0012
Flexiform NF 20 (56) 24 (52) 0.8 (0.5-1.7) 0,664
o 6§ Café-au-lait spots 28 (17) 15 {33) 23 {1.1-4.8) 0.024?
Me: Treckles 26 (16) 13 (28) 2.1 (0.9-4.5) 0.061*
Scolioss &8 (42) 19 {41) 1.0 0.5-1.4) 0,835
Pansdarthirosss 42 2 14 1.8 (0.3-10.2) 0.502
Headache 59 (38) 20 (43) 1.3 [0.7-2.6) 0.385
Epilapsy 2 (1) 2 i4) 36 [0.5-26.8) 0.175
Hydracephalus 32 i 0 0.353
Learning disahilities 83 (51) 26 (57) 1.2 (0.6-2.4) 0.527
Faclal asymmetry (n=122/78) 12 (10) 5 (B) 0.6 (0.21-1.87) 0,307
Hypartension 13 (8) 4(9) 1.1 {0.3-2.5) 0.8

Abbrevialions Cl, confidence interval; NF, neurofibromaloss
'Ddds ratios with thair 85% Cls wers estimated wsing logistic regrassion.
Fuyglue by w-test or Fisher's exact test. a5 appropriste.

*Warlables yielding P-walues less than 0,15 were entered Into a multiple logisic regression model,

The: data represent the numbers of palients ()

Table 3. Factorsindependent|y associated with internal NFsin the multivariate analysisin the development sample

(n=208)

Odds ratio 95% CI° Fevalue b-Coefficient® Foints
Age p 30 yesrs old 31 1.4-68 0.006 1.12 10
Mo culaneous nerolibromas 2.8 0875 0.08 0.85 ]
X 2 Subcutameous neurcfibromas 4.7 21405 o 10%* 1.55 15
o § Cafa-au-lait spots 2.0 0.8-46 0.08 .71 5

Abbreviations Cl, confidence interval; NF, neuroflbromatosis.
'Confidee inlerval

*b-Cosfficients of tha factors independantly assciated with internal neurofibromas.

congistent with those previously reported in NF-1 patients
(Friedman and Birch. 1997), indicating that the development
sample was representative of NF-1 patients A cohort study
design is generally used to assess predictors fo minimize
information bias (Coste et al., 1996). However, NF-1 is a rare
diszass and routine MRI screening is not recommended in
everyday clinical practice (Finson et al., 2001). By taking the
development sample from a case-control study in which all
patients underwent MBI, we improved the rediability of intermal
neurofibroma diagnosis as compared with a cohort study.
The validation sample was composed of patients included
in the Reéseau MF-France database. Selection bias seems
unlikely, as the prevalences of NF-1 features were consistent
with those reported previously in other populations of NF-1
patients (Friedman and Birch, 1%97). Furthermore, the

features in non-included patients whose internal neurofibro-
ma =tatus was unknown were similar to those in the
validation sample. However, absence of routine MR or
computed tomography in the validation sample may con-
glitute a limitation of our study. MRl or computed tomo-
graphy was performed only when routine imaging sudies
{chest radicgraph and abdominal sonogram) or clinical
symptoms suggested the presence of internal neurofibromas
This may have resulted in verification bias. Furthermora, we
had no data on the size or location of internal neurofibromas
in the validation sample.

To validate the NF-15core, we used a rigorous procedure
invalving both internal validation (shrinkage) and external
validation. Shrinkage of the regression coefficients (a and b)
to correct for over-optimism in the model may help to make

www jidonline.org 2175
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Table 4. Sensitivity and specificity values of the
different cut-off levels of the NF-15core obtained in
the development sample

Development sample
(n=208) AUC-ROC=0.75

Cuit-polnt Sanativity (%) Specificity (%)
X0 100 4]
XS a1 ar
X110 87 43
X5 B0 53
X 20 50 83
Has 41 =)
X a0 26 a8
Has 11 99
X 40 2 100

Abbreviations AUC-ROC, area under the receiver-operating character-
igtic curve; NF-1, neurcfibromatosis-1.

Table 5. Probabilities of the presence of internal NFs
according to the NF-1Score level in the validation
sample (191 patients)

Internal Mo internal

Probability of neurcfibromas neurafibromas
heving intermel (n=349) (n=152)
naurcfibromas  MF-15core Observed Expected Observed Bgpected
0.051 0 3 20 36 370
0.083 k 2 1.1 11 1.9
0.133 10 3 1.7 10 113
0207 15 & 11.6 50 4.4
0.308 20 ] 8.0 18 180
0430 25 T a5 15 125
0.561 30 3 5.1 L] 4.0
0684 a5 2 4.1 4 14
0.7av 40 ] i 2 1.5

Abbreviation: NF-1, neurofibromatosis-1,

models more transferable (Seyerberg et al., 2004). The results
of our internal and external validations in an independent
sample indicated satisfactory performance, with good cali-
hration and discrimination. Therefore, from a methodological
point of view, this score could be considered as a good
prediction tool. Although such probability models cannot be
used reliably to predict outcome in individual patients, the
information provided by such models using easly recogniz-
able clinical features could be useful for clinical decision-
making. For ingtance, a probability of 0.56 (MF-15core 1420}
means that approximately 56 out of 100 patients with this
score would be expected to have internal neurofibromas.
One cannot say whether any specific individual patient will
be one of the 56 patients who may have internal neurofi-
bromas or one of the 44 such patients who may have not.

2176 Lbumal of Investigative Dermatology (2010), Voluma 130

Clinicians often have to discuss whether or not an imaging
would be useful. That is, which NF-1 patients need MR to
detect asymptomatic MPNTs Thus, although MR is not
systematically recommended, faced with a patient with a
high MF-15core value, physicians would be alerted and
mandate a radiological follow-up. Whether systematic
radiclogical investigations are reguired to evaluate the
potential risk of MPMNTs in this new population at risk
remains to be investigated, Furthermore, introduction of new
treatment is usually preceded by the demonstration of its
effactivenass in a controlled trial. An important aspect of the
conduct of such trials is the ability to define and control the
saverity-of-iliness of the patients studied.

In choosing the appropriate “cut-off " score that defines high
risk, there is a trade-off between a score thal confers high
senglivity or high specificity. A high cut-off score that gave high
specify would lose senstivity, thereby missng many patients
who have intenal neurofibromas However, a low score, with
high senEtivity, might sslect too many patients as high risk,
which would be of no practical benefit. Therefore, different
thresholds should be defined according to the clinical purposa.

Subcutaneous neurofibromas were independently asso-
ciated with internal neurofibromas in our study, in keeping
with earlier data (Tucker et al., 2003). Furthermore, patients
with subcutansous neurofibromas were at higher risk for
mortality in two different NF-1 populations, from France
(Khosrotehrani et al., 2003) and North America (Khosroteh-
rani et al,, 2005), respectively. Mone of the other three factors
identified in our study have been reported previcusly to be
associated with internal neurofibromas However, the asso-
ciation linking absence of cutaneous neurofibromas to
internal neurofibromas isin agresment with a previous study
in which mortality was higher among NF-1 patients who had
no cutaneous neurcfibromas (Khosrotehrani et al,, 2003), The
association between the presence of internal neurofibromas
and age younger than 30 yearsis consistent with a report that
most MPMETs may develop from pre-exiging internal
neurofibromas, with the risk being highest at about 30 years
of age (Bvans et al., 2002). Conversely the association
between presence of internal neurofibromas and fewer than
six café-au-lait spots has never been reported even though
four individuals with multiple spinal tumors and no café-au-
lait spots but with NF-1 mutation have been identified
(Kaufmann et al.,, 2001). The two features in the score,
namely. absence of cutaneous neurofibromas and fewer
than sx café-au-lait spots are unusual in MF-1 patients.
Presence of at least two neurofibromas of any type and at
least sx café-au-lait spots are the diagnostic criteria for NF-1.
However, all the patients in our study had a definitive
diagnosis of NF-1. In patients younger than 30 years, the
combination of internal neurofibromas, fewer than sx café-
au-lait spots, no cutaneous neurofibromas, and at least two
subcutaneous neurcfibromas congitutes a phenotype that is
both distinet from classical NF-1 and particulary severe,
Recently, examination of the phenotypic correlations be-
tween affected relatives in 750 NF-1 patients from 275
mulliplex families collected through the MF-France Network
provided evidence that genetic modifiers, unlinked to the NF-1
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locus, contribute to the variable expressivity of the disease
(Sabbagh et al., 2008). However, biological factors that
influence the NF-1 risk of morbidity—-mortality are not known.

In sum, we developed a smple scoring system (the
NF-1Score) that accurately predicted the presance of internal
neurofibromas in patients with NF-1. The NF-1Score could
be used to identify NF-1 patients who require particularly
closa monitoring for internal neurofibromas.,

MATERIALS AND METHODS

Population and study samples

Patients meating the diagnostic crteria for NF-1 egablished at the
National Ingifutes of Health Consansus Devalopment Conferance
{Conference statement, 1988) were included progpectively by the
French NF network (Réseau NF-France). We used two samples for our
sudy. The development sample, usad fo develop the pradiction score,
compnsed 208 adults (17 years or older) included in an ongoing
prospective multicenter cass-control study (begun in 2005) designed
1o assess whether subcutaneaus neurafibromas were assaciated with
several types of internal neurofibromas All patients in this sample
were carefully investigated by MR to determine with confidence
whather internal neurofibremas were present. The validation sample
was composed of the 191 NF1 patients who were progpectively
included in the Réseau NF-France database from Jine 2003 to line
2008, and who met the following critera: 17 years or older, probands
ar sporadic dissass, known interma neurcfibroma slalus and non-
inclugion in the above-mentioned case-control study (Figure 1) The
shudy was approved by the inslitutional review boards of lle-de-France
IV {Paris, France) and informed consent was obtained from all
patients. The study adhersd to the Declaration of Helsinki Principles

Data collection

Demographic information (age and sex) and clinical features
recorded in the dalabases were collected during reutine clinical
assessments al neurofibromatosis clinics (Table 1), Detailed informa-
tion was available on the dermatological characteristics: number of
café-au-lait spots {0, 1, 2, 3, 4. 5 6, X 7), number of cutanecus
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neurafibremas (0, 1, 28, 1088, X 100}, number of subcutaneous
neurofibromas (0, 1, 2-8, 10-89, X 100}, and number and location of
plexiform neurcfibromas. Among clinical features, we selected those
known to be assoclated with morality: absence of cutaneous
neurcfibromas, facial asymmetry, & leasl two subcutansous
neurofibremas, and male gender (Khosotehrani et al., 2003,
2005). We recorded the following fealures as presant or absenl:
orthopedic complications (scoliogs and pseudarthross), neurclogi-
cal abnormalities (headache, epilepsy and leaming disabilities),
hypertension, and renal artery stencsis

Classification of patients identification of internal
neurafibromas

All patients in the development sample underwent stlandardized
MR of the spinal cord and nerve roots using non-contrast-enhanced
T- and TZ-weighted sequences (coronal plans) and shori-tau
inversi on-recovery (STIR) ssquences, Paraspinal neurcfibromas were
characterized as diffuse or focal and aso 3 or X 3cm. Patients were
classified as having internal neurcfibromas if they had at least ene
diffuse paraspinal neurcfibroma or at least one focal paraspinal
neurofibroma measuring at least 3 cm. Patients with nesther criterion
ware classified as not having internal neurofibromas (Drouet et al_,
2004; Mautner et al,, 2006,

In the validation sample, MR was not performed routinely (Finson
el al., 2001). MRl or computed temography is usually recommanded
when thers is evidence of internal neurcfibromas on other imaging
gudies (ched radicgraph or abdominal sonogram) or when symptoms
ssch as paln or neurclogical deficils suggest intemal neurofl bromas.
Patients in the validation smple were clasfied as having intemal
neurcfibromas when the varisble “paraspinal neurcfibromas’ was
coded “yes' in the database and as not having internal neurofibromas
when this variable was codad “no”. No information was available on
the sze or location of intemal neurcfibromas in the validation sample.

Satistical analyss
Data were analyzed using STATA software version 8 (Sata, College
Station, TX). All tests were two-tailed and P-values no greater than

| Patients included in the Réseau NF-France: n=1,700

I

[ Disgnagis of NF1 according o estabished clinical crileria

n=1,08%

1
!

Patients 17 years or older. n=7448

[ No MF1, n=601
[ Yaunger than 17 years: n=351
[ Familial casas: n=233

J_

(

Probands or sporadic casas: n=5185

[ Internal NF status unknown: n=304

J_

Internal NF status known: n=211

[ Patients included in the development sample: n=20 ——

[ 191 Patients included in the validation sample

Fgure 1. Aow chart of the validation sample.
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0.10 were congdered for pregnodic modeling (Steyerberg ot al_,
2000). The characterigtics of the development and validation
samples were described. The characteristics of the pafients who
wera nol included in the validation sample because their internal
naurofibroma status was unknown, weare compared o those of the
patientsincluded in the validation sample. Quantitative variables are
alther reporsd asmediant 5D or converted Lo calegoer cal variables
Thus, age was dichotomized according to the paak MPMST
incidence in MF-1 patients (o 30 or X 30 years) (Brans et al.,
2002). Qualitative variables are reported as number (%)

Model development
Tha characterigtics of patients with and without internal NF were
compared in univariate analyses usng the w'-test or Fisher's exact
tedt, as approprate. Odds ratios (ORs) were estimated with their 95%
Cls, using logisic regresson models, Two-by-twao analyses were also
performed to assess potential interactions and confounding by fitting
multiplicative models Varlables ylelding Pvalues lessthan 0.15 In the
univariate analyses were anfered into a multiple logidic regresson
madel, The final model included the variables independently
associated with the presence of internal neurofibromas. Performance
of the modal, including calibration and discimination, was evaluated
by computing the Hosmer-Lemeshow statisiic (Hosmer and Leme-
show, 1989) and the AUC-ROC (Hanley and McMeil, 1982)
respactively. The Hosmer-lemeshow ted evaluates whether the
predicted probabilities agree with the observed probabilities Dis
criminaticn is the ability to diginguish patients with intermnal
neurofibromas from those without internal newrcfibromas

Then, we used the variables identified by the multivanate
analyss to build a smple-to-use score for predicting the presence
of internal neurofibromas. Points were assigned to each variable on
the bass of the regression cosfficients in the final model: the
b-coeficient was multiplied by 10 and the result was rounded to the
neared integer (Le Gall ot al. 1993) Wae checked whather the
prediclive parformance of thess rounded coefficients was smilar to
that of the original coefficients. The score was calculated for each
patient and a mulliple logidic regresson eguation was used lo
convert the scare inta a probability of having internal neurofibromas
the logit (ap bScore) was computed and the probability was then
estimated as Piae' @ p g8,

Model assessments

Internal validation. As the development sample comprisad only
208 patients, we used bootstrapping 1o estimate shrinkage coefficients
[wan Houwelingen and Le Cesge, 1920) to avoid over-optimism (Miller
and Hui, 1981; Seyerberg &t al., 2004) and to obtain nearly unbiased
esimates of the predictive accuracy of the model (Harrell et a., 1996)
‘We drew 1,000 samples at random. The logidic regressdon coefficients
wera re-eglimated in the booldrap samples

Bxternal validation. Parformance of the modal, including calibra-
tion and discrimination, was assssad in the validation sample.
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Abstract

Objective. To identify clinical characteristics associated with internal neurofibromas in
children with NF1, as a means of ensuring the early identification of patients at high risk for

malignant peripheral nerve-sheath tumors developed from preexisting internal neurofibromas.

Patients and methods. We used data from two NF1 populations, in France and North
America, respectively. The French database comprised 1083 patients meeting NIH diagnostic
criteria for NF1 and the Neurofibromatosis Institute Database of North America comprised
703 patients. Patients younger than 17 years of age were eligible for our study if they had
been evaluated for internal neurofibromas using computed tomography and/or magnetic
resonance imaging. Clinical characteristics associated with internal neurofibromas by
univariate analysis (P<0.15) were entered into a multiple logistic regression model after
checking for potential interactions and confounding. Multiple imputation was used for

missing values.

Results. Among the 746 children in the two databases, 357 (48%) met our inclusion criteria.
Their mean age was 7.7+5.0 years and there were 192 (53.8%) males. Internal neurofibromas
were present in 35 (9.8%) patients. Internal neurofibromas developed earlier in females than
in males and their prevalence increased during adolescence. Factors independently associated
with internal neurofibromas were age (OR=1.16 [1.07-1.27]), xanthogranulomas (OR=5.85
[2.18-15.89]) and presence of both subcutaneous and plexiform neurofibromas (OR=6.80
[1.52-30.44]).

Conclusions. Several easily recognizable clinical characteristics indicate a high risk of

internal neurofibromas in children with NF1 and, therefore, a need for very close monitoring.
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INTRODUCTION

Neurofibromatosis-1 (NF1 [MIM 162200]) is a common autosomal dominant disorder
with an incidence of 1 in 2500-3000 births and a prevalence of 1 in 4000 [(15)]. NF1 is
associated with increased morbidity and mortality rates (23, 84). In spite of tremendous
progress in understanding and treating NF1, there continues to be inconsistency, if not
confusion about the various types of neurofibromas. Our interest in this article is to sensitize
clinicians to NF1 neurofibromas that are not obvious by inspection and/or palpation of the
skin. That is, the focus is on internal neurofibromas. An internal neurofibroma simply is a
neurofibroma that is not appreciated by physical examination. Part of the problem is that
some neurofibromas that may have internal components may also be apparent externally. In
particular, both the large diffuse plexiform neurofibroma and the large nodular plexiform
neurofibroma, as described by Riccardi (47)], corresponding to Masson’s diffuse
neurofibroma and encapsulated neurofibroma, respectively, as utilized by Tucker and
coworkers (85-86)], can have both external and internal components. In the present article we
are reserving the term, internal neurofibroma, for those neurofibromas not having an apparent
external component. By definition, both cutaneous neurofibromas and subcutaneous
neurofibromas are excluded from being internal neurofibromas. Most specifically, the term,
plexiform neurofibroma, does not on its own afford distinction from or inclusion in what we

are specifying here as an internal neurofibroma.

Internal neurofibromas are among the main causes of life-threatening events in
patients with NF1 (25, 47)]. Ten percent of internal neurofibromas undergo transformation to
malignant peripheral nerve-sheath tumors (MPNSTSs) (21), a leading cause of death in adults
with NF1 (23, 84)]. Clinical indicators of MPNST are persistent or increasing pain,
enlargement of the tumor, and neurological deficiencies (27)]. The diagnosis is often delayed,
especially for deep diffuse plexiform or internal neurofibromas as imaging studies are not
performed routinely as part of the follow-up of patients with NF1 (14)] but instead are
ordered only as clinically indicated (31)]. The mean age at diagnosis of MPNST is younger in
patients with NF1 than in unaffected individuals (21, 60-62). MPNSTs may develop before 30
years of age (21, 60) and even in childhood (61). Moreover internal neurofibromas grow
faster in young patients (63). In previous work, we developed a simple scoring system (the

NF1Score) that accurately predicted the presence of internal neurofibromas at risk for
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transformation to MPNST in adults with NF1 (87). Four characteristics were independently
associated with internal neurofibromas: presence of subcutaneous neurofibromas, fewer than
6 café-au-lait spots, absence of cutaneous neurofibromas, and age <30 years. However, the
NF1Score was developed in patients aged 17 years or older. Consequently, a specific study
was needed in pediatric patients. The clinical expression of NF1 varies across the life span in
a given patient (31, 59)]. For instance, café-au-lait spots are present within the first year of
life and cutaneous or subcutaneous neurofibromas are usually present by adolescence (15-16,
59)].

The purpose of this study was to identify clinical characteristics associated with
internal neurofibromas in children with NF1. Such clinical characteristics could serve to
ensure the early identification of children with NF1 who require particularly close monitoring

for internal neurofibromas.

PATIENTS AND METHODS

Population and study samples

The study was performed using data from two NF1 populations, one in France and the
other in North America. Patients meeting the diagnostic criteria for NF1 established at the
National Institutes of Health Consensus Development Conference (88)] were included
prospectively by the NF-France network (Réseau NF-France) from 2002 to 2005 (83)] and the
Neurofibromatosis Institute Database (NFID) from 1977 to 1996 (47)]. The NF-France
database was a French Clinical Research Program entitled “Study of expressivity of
neurofibromatosis-1: constitution of a phenotype-genotype database” (83)]. The NFID is a
collaborative system for collecting demographic information, clinical signs and symptoms,
basic measurements, and psychosocial assessments of individuals and families with
neurofibromatosis (47)]. The NF-France database included 1083 patients and the NFID 703
patients. For the present study, patients were eligible if they were younger than 17 years of
age and had undergone imaging studies to look for internal neurofibromas because of
symptoms such as pain or neurologic deficits or when there was evidence of internal

neurofibromas on other imaging studies (Figure 1). In all, 357 children met these criteria.
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The study was approved by the Tle-de-France 1X Ethics committee Paris, France.
Informed consent was obtained from all patients. The study adhered to Declaration of

Helsinki guidelines.

Data collection

The demographic information (age, sex, and whether the NF1 was familial or sporadic)
and clinical characteristics recorded in the databases were collected during routine clinical
assessments at neurofibromatosis clinics (Table 1). Among the clinical characteristics, we
selected those known to be associated with mortality in children with NF1 (plexiform
neurofibromas) or showing trends toward an association with mortality in NF1 patients
(subcutaneous neurofibromas, absence of cutaneous neurofibromas, and short stature) (33)].
Special attention was also given to clinical characteristics independently associated with
internal neurofibromas in adult NF1 patients, namely, fewer than 6 café-au-lait spots, age <30
years (a criterion met by all our patients), and subcutaneous and cutaneous neurofibromas
(87)]. Most of the other clinical characteristics selected for our study were easily identified by
physical examination, with the exception of Lisch nodules, which were evaluated by slit lamp
examination. Detailed information was available on the dermatological characteristics,

namely, freckles, plexiform neurofibromas, and xanthogranulomas (previous or current

diagnosis). We recorded the following characteristics as present or absent: facial asymmetry,

orthopedic complications (nonunion, dysplasia), hypertension, and macrocephaly.

Study definitions

Cutaneous neurofibromas are exophytic tumors that move with the skin on examination
(47)]. Subcutaneous neurofibromas lie deeper in the skin, do not move with the skin, and are
firm and sometimes tender to palpation (47)]. A plexiform neurofibroma is an area of thick
hypertrophic skin with tissue hyperpigmentation overlying a subcutaneous tumor (47)].
Xanthogranulomas are soft, flat, yellow-to-pink papules. Macrocephaly was defined as a
head circumference 2 SDs or more above the age- and sex-matched population mean. Short
stature was defined as a height 2 SDs or more below the age- and sex-matched population

mean.
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Classification of patients: identification of internal neurofibromas

All the study patients had been evaluated for internal neurofibromas using computed
tomography (CT) and/or magnetic resonance imaging (MRI). The presence of internal

neurofibromas was coded 1 in the databases.

Statistical analysis

Quantitative variables are described as meantstandard deviation (SD). Age was not
converted to a categorical variable. Qualitative variables are described as number (%). All

tests were two-tailed and P values <0.05 were considered statistically significant.

The characteristics of patients with and without internal neurofibromas were compared
in univariate analyses. Odds ratios (ORs) were estimated with their 95% confidence intervals
(95%Cls), using logistic regression models. ORs were adjusted for age because the
prevalence of several NF1 characteristics varies with age (number of café-au-lait spots and
cutaneous and subcutaneous neurofibromas). Potential interactions were assessed by pairwise
analyses and confounding by fitting multiplicative models. Variables yielding P values
smaller than 0.15 in the univariate analyses were entered into a multiple logistic regression
model. The final model included the variables independently associated with the presence of

internal neurofibromas.

We first conducted an analysis without the individuals who had missing data
(complete-case analysis). We then estimated the missing values for the co-variates
independently associated with the internal neurofibromas in the final model, using the
multiple-multivariate-imputations-by-chained-equations procedure in STATA (69)], with the
missing-at-random assumption. We used all predictors together to impute the missing data
values, and we independently analyzed 10 copies of the data using 10 cycles of regression.
Logistic regression for binary variables and multinomial logistic regression for categorical

variables with k>2 classes were used to impute missing values.
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We conducted all statistical analysis using STATA Statistical Software (version 11.0,
StataCorp LP, College Station, TX, USA) and LogXact-8 software (2007, CYTEL Inc.
Cambridge, MA, USA).

RESULTS

Study population

Table 1 reports the main characteristics of the 357 children with NF1 included in our
study. Mean age was 7.7 (£5.0) years (range, 0.01-16.9), and there were 192 (53.8%) males.
Internal neurofibromas were present in 35 (9.8%) patients. The prevalence of internal
neurofibromas increased during adolescence (Figure 2). Internal neurofibromas developed

earlier in females than in males (Figures 3).

Characteristics associated with internal neurofibromas

Table 2 compares the clinical characteristics in the patients with and without internal
neurofibromas. By univariate analysis, five variables were associated or nearly associated
with internal neurofibromas: age (continuous variable), subcutaneous neurofibromas,

plexiform neurofibromas, Lisch nodules, and xanthogranulomas.

The presence of Lisch nodules was strongly associated with the other variables and
was not independently associated with internal neurofibromas in the multivariate analysis.
The study of potential interactions between variables showed a effect modification between
plexiform neurofibromas and subcutaneous neurofibromas (P=0.10). To facilitate the
interpretation of the model, the usual assessment of interaction effects is done by entering an
additional variable composed of the product of the two variables (76)]. So, we replaced the
interaction term by a composite variable: no subcutaneous and no plexiform neurofibromas
(reference category), either subcutaneous or plexiform neurofibromas, and both subcutaneous
and plexiform neurofibromas. We chose these three categories because subcutaneous and

plexiform neurofibromas had closely similar OR values by univariate analysis (Table 2).
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By multivariate analysis, three characteristics were independently associated with
internal neurofibromas: age, presence of xanthogranulomas and presence of both

subcutaneous and plexiform neurofibromas (Table 3).

The general pattern of the results after multiple imputation was similar to that obtained
in the patient subset with complete data (Table 3). P values were smaller for all three
variables independently associated with internal neurofibromas. The OR for the presence of
subcutaneous or plexiform neurofibromas was similar between the complete-case and
imputed models. The bound categories were thinner as the multivariate analysis included all

cases after multiple imputation.

DISCUSSION

In this study, we identified easily recognizable clinical characteristics associated with
internal neurofibromas in children with NF1. By multivariate analysis, age,
xanthogranulomas, and presence of both subcutaneous and plexiform neurofibromas were

independently associated with internal neurofibromas.

NF1 has been reported to be associated with a 15-year decrease in life expectancy
(23)]. We recently reported overall excess mortality in a cohort of 1895 patients with NF1
compared to the general population in France (84)]. Excess mortality occurred among NF1
patients aged 10 to 20 years (Standard Mortality Ratio, SMR, 5.2; 95%Cl, 2.6-9.3; P<10™)
and 20 to 40 years (SMR, 4.1; 95%Cl, 2.8-5.8; P<10™). MPNSTSs were the main cause of
death (60%) (84). Thus, the main concern in the long-term clinical management of patients
with NF-1 is the identification of patients at high risk for MPNSTs developed from
preexisting internal neurofibromas (23)]. Although no effective treatment is available for
inoperable MPNSTS, several novel targeted treatments may hold promise [20]. We therefore
developed a clinical score, the NF1Score, for predicting the presence of internal
neurofibromas in adults with NF1 (87)].

Internal neurofibromas grow faster in young children than in adults (63)]. Volumetric
MRI has been used to assess the growth rate of internal neurofibromas in 49 NF1 patients

(median age, 8.3 years; range, 3.3-25) with a median follow up of 34 months. The growth rate
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per year of internal neurofibromas was significantly greater in the younger patients (<8.3
years) than in the older patients (21.1% versus 8.4%, P=0.001). In addition, if effective
treatments are found, they will be more likely to prevent the growth of internal neurofibromas
than to reduce their size (81)]. Therefore, the benefits will probably be greatest if the
treatments are given at the time of most rapid internal neurofibroma growth, that is, in
childhood or adolescence. Therefore, the risk factors identified in our study will help to

improve the clinical management of children with NF1.

Many factors support the internal validity of our study. First, all patients had a definitive
diagnosis of NF1. Selection bias seems unlikely, as the prevalence of NF1 characteristics
were consistent with those reported previously in other populations of NF1 patients (89-90)].
Our study provided a good external validation as it was performed using two NF1
populations, from France and North America, respectively. However, our patients were
recruited at hospitals and may therefore have had greater disease severity compared to the
overall NF1 population. An important strength of our study is the accuracy of the information
on internal neurofibroma status obtained by using MRI or CT. However, the absence of
routine MRI or CT in the study population may constitute a limitation of our study. MRI or
CT was performed only when routine imaging studies (chest radiograph and abdominal
sonogram) or clinical symptoms suggested the presence of internal neurofibromas. Half our
patients did not undergo MRI or CT. This may have resulted in verification bias. Finally, to
validate the final model, we used multiple imputation analysis to deal with the missing values.
Multiple imputations allow individuals with incomplete data to be included in analyses and
improve the validity of the results. The empirical rule of entering only one variable per 10

events in a multivariate analysis model was followed (53)].

Internal neurofibromas were present in 35 (9.8%) patients, in keeping with previous
data. In a study of 53 children with NF1 who underwent MRI of the entire spine, 7 (13.2%)
patients had internal spinal neurofibromas (80)]. In our study, older age was independently
associated with internal neurofibromas. Excess risk of developing internal neurofibromas
seems to occur between the adolescence and the age of to 30 in NF1 patients. Moreover
internal neurofibromas increased during adolescence and developed earlier in females, in
agreement with previous data (82)]. Changes in steroid hormone production may affect the
NF1 phenotype. Immunostaining studies have provided support for this hypothesis by

identifying the progesterone receptor in neurofibromas (41)]. Estrogen and progesterone
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increased the growth rate of MPNSTSs xenografts in mice (43)]. Plexiform and subcutaneous
neurofibromas were also independently associated with internal neurofibromas in our study,
in accordance with earlier work in both adults and children (25, 91)]. In the MRI study of the
spine in children with NF1, characteristics found more often in patients with than without
internal neurofibromas included scoliosis (71.4% vs. 30.4%), subcutaneous neurofibromas
(71.4% vs. 39.1% ), and plexiform neurofibromas (28.6% vs. 8.7%); none of these differences
was statistically significant, (P=0.08, P=0.22, and P=0.17, respectively), possibly because
statistical power was limited (80)]. Furthermore, patients with subcutaneous neurofibromas
were at higher risk for mortality in two different NF1 populations, from France (34)] and
North America (33)], respectively. Finally, xanthogranulomas were independently associated
with internal neurofibromas in our study. NF1 children with xanthogranulomas are at
increased risk for juvenile chronic myelogenous leukemia (92)]. Although it should be noted
that this study included a small number of patients and has not been confirmed since. To our
knowledge, xanthogranulomas have not been previously reported to be associated with

internal neurofibromas.

In sum, we identified easily recognizable clinical characteristics that were associated
with internal neurofibromas in children with NF1. These risk factors could be used to ensure
the early identification of NF1 patients who require particularly close monitoring for internal
neurofibromas. In the future, this approach may allow the initiation of treatments at the time

of fastest growth of internal neurofibromas, when they are most likely to be effective.
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Table 1. General characteristics of the 357 children with neurofibromatosis-1 included

in the study. The data are number (%) unless otherwise specified.

Clinical characteristics (n=missing
data)

n (%)

Male gender

Age at the first visit in years,
meanxSD (range)

Familial case

Internal neurofibromas
Subcutaneous neurofibromas (n=17)
Cutaneous neurofibromas
Plexiform neurofibromas (n=184)
Café-au-lait spots

Freckles (n=11)

Lisch nodules (n=84)
Xanthogranulomas (n=68)

Short stature (n=32)
Macrocephaly (n=21)

Nonunion

Dysplasia (n=8)

Facial asymmetry (n=72)
Hypertension (n=28)

192 (53.8)
7.745.0 (0.01-16.9)

183 (51.3)
35 (9.8)
72 (20.2)
153 (42.9)
83 (23.3)
354 (99.2)
219 (61.3)
160 (44.8)
14 (3.9)
36 (10.1)
85 (23.8)
13 (3.6)
31 (8.7)
23 (6.4)
3(0.8)
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Table 2: Univariate analysis of selected characteristics for associations with the presence

of internal neurofibromas in 357 children with neurofibromatosis-1

Internal neurofibromas

NG Ves Odzls Ratio P
1230 =35 95%CI)t valuei

Male gender 148 (46) 16 (46) 1.01 (0.49-2.07)  0.977
Age (years) 7.35+4.87 10.67 £4.81  1.14* (1.07-1.23) <10
Familial cases 166 (51) 17 (49) 0.61 (0.29-1.27)  0.184
Subcutaneous neurofibromas 53 (17) 19 (54) 4.51 (2.13-9.55) <10™
(n=305/35)

Cutaneous neurofibromas 139 (43) 14 (40) 0.78 (0.37-1.64)  0.512
Plexiform neurofibromas 60 (43) 19 (70) 3.60 (1.55-8.34)  0.003
(n=140/33)

Café-au-lait spots 319 (99) 35 (100) 0.81 (0.04 - ) 1.000
Freckles (n=312/34) 194 (56) 13 (28) 1.09 (0.47-2.52)  0.840
Lisch nodules (n=250/23) 151 (60) 9 (39) 0.35(0.14-0.86) 0.05
Xanthogranulomas (n=257/32) 10 (4) 4 (13) 6.60 (1.69-25.74) 0.007
Short stature (n=293/32) 32 (11) 4 (13) 1.00 (0.32-3.13)  0.996
Macrocephaly (n=302/34) 12 (35) 73 (24) 1.65(0.76-3.54)  0.203
Nonunion 1(3) 12 (4) 1.8 (0.3-10.2) 0.684
Dysplasia (=314/35) 27 (9) 4 (11) 1.06 (0.34-3.35)  0.914
Facial asymmetry (n=261/24) 20 (8) 3(12) 1.23(0.45-6.93) 0.419
Hypertension (n=298/31) 2 (1) 1(3) 5.41 (0.40-73.93) 0.205

+0dds ratio with 95% confidence interval (95% CI) by logistic regression adjusted for age;

*OR with 95%CI giving the risk increase for a 1-year increase in age; 1 P value by logistic

regression, Data are numbers (%) or meansz1 standard deviation.



Table 3: Characteristics independently associated with internal neurofibromas in
the multivariate analysis on complete cases (n=184) and after multiple imputation

(n=357).
Complete-case analysis®, n=184  Imputed data’, n=357
Odds Odds P
] 95%Cl+ P valuet ] 95%CI*

Ratios Ratios value**
Age 1.12% 1.02-1.23 0.012 1.16 1.07-1.27 0.001
Subcutaneous/plexiform NFs
- None 1 - - 1 - -

- Either subcutaneous or plexiform NFs  1.15 0.42-3.15 0.781 1.06 0.40-2.80 0.901
- Both subcutaneous and plexiform NFs ~ 4.95 1.80-13.64 0.002 5.89 2.18-15.89 <10™
Xanthogranuloma 451 0.94-21.73 0.06 6.80 1.52-30.44 0.012

®Excluding individuals with missing values

®Missing data imputed using imputation with chain equations

+0dds ratio with 95% confidence interval (95%CI) by logistic regression
1 P value by logistic regression

*OR with 95% CI giving the risk increase for a 1-year increase in age

tel-00853858, version 1 - 24 Aug 2013

*Qdds ratio with 95% confidence interval (95% CI) by logistic regression with multiple

imputation
** P value by logistic regression with multiple imputation

NF, neurofibroma
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Figure Legends
Figure 1. Flow chart
Figure 2. Probability of having internal neurofibromas with the 95% Confidence Interval

Figure 3. Probability of having internal neurofibromas stratified by sex (females black line

and males grey line)
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ANNEXE 5
Cahier d’observation « Analyse de la mortalité au cours de la Neurofibromatose 1

Cohortehistorique francaise de 1895 patients »
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Identité Patient
Numéro du patient : Cohorte I__|I__|__|

Site : [J Necker [ Trousseau [J Henri Mondor

NP e

N D A &

Nom

Prénom

Date de naissance : 1__|__I/1__1__I/1__1__1__1__I(jour/ mois/année)
Sexe : [] Féminin [J Masculin

Décédé:[JOui [ Non Datededécés:I_ | /1 1 I/1_1 1 1 1
Lieu de naissance @ ..........oocviiiiiiiniiiiie CP:l_ 111 11

Médecin Responsable @ ..........cooiiiiiiiiii

Autre MEECIN & ...

AAreSSE & ..vieieiiii e

Ville : o Code Postal : 1__1__1_1_1_1
Téléphone 1: .....coooiiiiiiiiiieen Téléphone 21 ......ccooiiiiiiiiiiie
Date de la premiere visite : I__|__I/1__1__I/1__1_1_1_1

Date de la derniere visite : 1__|__I/1__I__I/1__1_1_1_1

Forme Familiale : [ Oui [ Non

Criteres de diagnostiques NF1
Plus de 6 taches café au lait significative [Joui [Non

Deux neurofibromes ou plus de n'importe quel type

ou un neurofibrome plexiforme [Joui [JNon
Ephélides” axillaires ou inguinales. Joui [Non
Gliome des voies optiques [Joui [JNon
Deux nodules de Lisch ou plus [Joui [Non
Une lésion osseuse caractéristique [Joui [Non
Un parent du premier degré atteint de NF1 [Joui [Non
Complications
Neurofibrome(s) plexiforme(s) [ Oui [ Non
Nombre : 11
Localisations : O Tronc..[ Téte O Membres
Gliome des voies optiques : [ Non [ Symptomatique [] Asymptomatique
Objets brillants non identifiés & I''RM : [ Oui [ Non
Scoliose nécessitant chirurgie : [ Oui [ Non
Difficultés d'apprentissage : [ Oui [ Non
Hydrocéphalie : [ Oui [ Non
Tumeurs malignes des gaines nerveuses : [ Oui [ Non
Phéochromocytome : [ Oui [ Non
Sténose de l'artére rénale : [J oui [J Non



