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Abstract  In  addition  to  the  classic  skin  manifestations  of  NF1  (café-au-lait  spots,  freckling,

and neurofibromas),  the presence  of other  manifestations  such  as nevus  anemicus  and  juve-

nile xanthogranuloma  may  be  of high  predictive  value  in  patients  with  an  uncertain  diagnosis.

Localized  or  mosaic  NF1,  also  known  as  segmental  neurofibromatosis,  is caused  by  a  postzy-

gotic mutation  responsible  for  the presence  of  the  typical  disease  manifestations  limited  to  a

body segment.  Although  no  follow-up  protocols  are  available  for  these  patients  with  mosaic

NF1,  the  risk  of  complications  is much  lower  than  in  the  generalized  forms  of  the  disease.

Malignant  tumors  are,  probably,  the  most  feared  complication  of  NF1.  In  decreasing  order,  the

most frequent  neoplasms  are  optic  nerve  glioma,  malignant  peripheral  nerve  sheath  tumor,  gas-

trointestinal  stromal  tumors,  and pheochromocytomas.  Most  malignant  peripheral  nerve  sheath

tumors are  the  result  of  malignant  transformation  of  plexiform  neurofibromas  and early  diag-

nosis is a  decisive  factor  in  the  prognosis.  In  conclusion,  NF1  is a  multisystemic  disease  that

requires multidisciplinary  follow-up  with  dermatologists  playing  an important  role.
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Neurofibromatosis  tipo  1: más  que manchas  café  con  leche,  efélides  y

neurofibromas.  Parte  II. Actualización  sobre  otras manifestaciones  cutáneas

características  de la enfermedad.  NF1  y cáncer

Resumen  Además  de las  manifestaciones  dermatológicas  diagnósticas  de  la  NF1  (MCCL,

efélides y neurofibromas),  existen  otras  alteraciones  cutáneas  como  los nevus  anémicos  y  los

xantogranulomas  juveniles,  cuya  presencia  parece  ser  de  gran  valor  predictivo  en  los  pacientes

sin diagnóstico  de  certeza.  La  NF1  mosaica  localizada,  clásicamente  denominada  neurofibro-

matosis  segmentaria,  se  produce  a  causa  de una  mutación  poszigótica  que  determina  que  la

presencia  de  las  manifestaciones  típicas  de  la  enfermedad  se  limite  a  un  segmento  corporal.

Aunque no existen  protocolos  de seguimiento  de estos  pacientes,  el  riesgo  de complicaciones

es mucho  menor  que  en  las  formas  generalizadas  de la  enfermedad.  Los  tumores  malignos  son,

probablemente,  la  complicación  más  temida  de  la  NF1.  En  orden  decreciente,  las  neoplasias

más frecuentes  son  los  gliomas  del  nervio  óptico,  el tumor  maligno  de vaina  nerviosa  periférica

(TMVNP),  los  tumores  estromales  gastrointestinales  y  los feocromocitomas.  La  mayoría  de los

TMVNP son  el  resultado  de  la  transformación  maligna  de los neurofibromas  plexiformes  y  su

diagnóstico  precoz  es  determinante  para  el pronóstico.  En  conclusión,  la  NF1  es  una  enfer-

medad multisistémica  que  requiere  seguimiento  multidisciplinar,  pero  en  cuyo  diagnóstico  y

seguimiento  los dermatólogos  tenemos  un papel  destacado.

© 2016  Elsevier  España,  S.L.U.  y  AEDV.  Todos  los  derechos  reservados.

Introduction

In  addition  to  the  classic  skin  manifestations  of  NF1  (café-
au-lait  spots  [CaLS],  freckling,  and neurofibromas),  the
presence  of  other  common  manifestations  (Table  1)  may  be
of  high  predictive  value  in patients  with  typical  CaLS  but
without  definitive  diagnosis.  In addition,  the involvement
of  neurofibromin  in the RAS-MAPK  pathway  may  interfere
with  cell  proliferation  and  differentiation  and, therefore,
increase  the predisposition  to  development  of  malignant
tumors  in  these  patients.

Other  Common Skin  Manifestations in
Neurofibromatosis Type  1

Nevus  Anemicus

The  association  between  NF1  and  nevus  anemicus  (NA)  was
suggested  by  Naegeli  in 1915,1 but  there  are hardly  any

Table  1  Frequent  Cutaneous  Disorders  in  Neurofibromato-

sis Type  1  (NF1).

Pruritus

Diffuse  hyperpigmentation

Nevus  anemicusa

Juvenile  Xanthogranulomasa

Glomus  Tumors

Hypopigmented  lesions

Soft  skin

a Possible predictive value for NF1 in small children with CaLS

and no other criteria for NF1 and no  genetic confirmation of the

disease.

literature  reports  on  the  topic  until  2013.2---5 NAs are  pale
irregularly  shaped  macules  whose  size  varies  between  a few
millimeters  and  several  centimeters;  clinically  they  are  not
readily  detected,  and become  apparent  after  mild  rubbing
of  the area  (Fig.  1).  Lesions  can  be single  or multiple  and
are  located  on  any  area of  the body,  although  they  are  more
frequent  on  the presternal  region.3,5 Although  the  published
series  reflect  a  high  prevalence  in  children,  the  exact time of
onset  of  the lesions  is  not  known,  as  parents  often  have  not
noticed  the presence  of  NAs until  they  are  detected  by  a  der-
matologist  in the clinic.  In  our  series,  patients  with  NAs  were
present  in at least 50%  of  patients  with  confirmed  NF1.5 Pos-
sibly,  the difference  in prevalence  in  the different  studies,
which  ranges  from  8.8%  to  51%,3 is  a  result  of  the retro-
spective  or  prospective  study  design  as  these  lesions  are
difficult  to  diagnose  unless  sought  systematically.  To  detect
such  lesions,  we  routinely  ask  the  parents  if they  have seen
any  transient  whitish  lesions  during  bathing,  fever,  crying,
or  exercise.  We  then  rub  the  entire presternal  area  in babies
and  young  children  to  highlight  the  lesions.  NAs  appear  to  be
due  to  the absence  of focal  response  to  the action  of  cat-
echolamines,  and  histologically  they  are indistinguishable
from  normal  skin.

Although  NAs  can  appear  in healthy  individuals,  in partic-
ular,  in proximity  to  capillary  malformations,  an association
of  these  lesions  and CaLS with  other  genodermatoses  or
segmental  neurofibromatosis  has  not  been  reported.  In  line
with  other  authors,2---4 we believe  that  NAs  are  a  distinctive
finding  in  NF1  and that  the  presence  of these  lesions  is  of
important  predictive  value  in  NF1.5

Juvenile Xanthogranulomas

Juvenile  xanthogranulomas  (JXGs)  are the  most  common
form  of  Langerhans  cell histiocytosis,  and  a relatively
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Figure  1  Presternal  nevus  anemicus  on an  8-year-old  patient.  The  lesion  can  hardly  be discerned  before  rubbing  the  area  (A).

After rubbing,  a  pale  irregular  macule  can  be  seen  surrounded  by  an  erythematous  halo  (B).

frequent  finding  in NF1  (Fig.  2).6 The  lesions  disappear  spon-
taneously  after  a  few  years,  and  it is  rare  to  find  them  in late
childhood  and early  adulthood.7 Their  estimated  prevalence
in  patients  with  NF1  ranges from  0.7%  in  adults8 to  37.5%  in
children,7 and  these  lesions  are particularly  common  in chil-
dren  aged  less  than  9  years.4,7 In  our  series,  the prevalence
of  JXGs  in  pediatric  patients  with  definite  diagnosis  of  NF1
was  6.2%,5 a figure  that  approximates  the  8.5%  reported  by
other  authors.3 In any  case,  it cannot  be  denied  that  JXG  is
a  significant  finding  in patients  with  NF1,  and  it can be of
particular  importance  in cases  with  no  definitive  diagnosis.
A  study  found  that 8  out  of  10  patients  with  NF1 who  only
had  CaLS  at  the first  visit  and who  on  physical  examination
had  JXGs  or NA,  subsequently  developed  the disease,4 and
another  study  found  that  NF1 was  subsequently  confirmed  in
children  with  JXGs  and CaLS.7 Therefore,  considering  that
JXG  is  the  most  frequent  tumor  in NF1,  it is  probable  that  the
coexistence  of CaLS and  JXGs  in small  children  should  not  be
considered  a casual  finding  but  rather  one highly  indicative
of  the  disease.  Their  presence  has  also  been  associated  with
a  greater  risk  of childhood  leukemia  in patients  with  NF1,  in

Figure  2  Juvenile  xanthogranulomas  on the  eyebrow  tail  and

the medial  angle  of  the  right  eye, and  nevus  anemicus  in  the

left clavicular  region  in a  patient  aged  15  months.

particular  juvenile  myelomonocytic  leukemia  (JMML).9 How-
ever,  this  association  is  not  supported  by the findings  of  other
studies,  and  has been  questioned  by  some  authors,10---12 in
particular  in  the dermatology  literature.  Although  there  are
several  case  reports  of  such  an association,13---16 a  greater
incidence  of  JMML  has not  been  observed  in larger series  of
patients  with  NF1  who  presented  with  JXGs,  including  our
series.4,5,7 Therefore,  the  suspicion  of  JMML  in a  patient  with
NF1  who  develops  JXGs  should be directed  by  clinical  symp-
toms  and  physical  exploration,  and  not  by  the mere  finding
itself.11

Glomus  Tumors

The  association  of  NF1  with  glomus  tumors  was  suspected
since  1938,17 but  it  was  not  until  2009  when  this associa-
tion  was  definitively  confirmed  when  NF1  mutations  on  both
alleles  was  demonstrated  in glomus  cells.18 Glomus  tumors
are  benign  vascular  lesions  that  originate  in the  glomus  body,
a  neuro-myo-arterial  structure  specialized  in the  regulation
of  vascular  flow.  The  lesions  are usually  located  in acral
regions,  particularly  below  the  nails,  and  they are  charac-
terized  by  paroxysmal  pain  on  applying  pressure  and  with
temperature  changes.  In  patients  with  NF1, these  lesions
are  usually  multiple  and  recurring.19 They are  rare  in chil-
dren,  with  an estimated  prevalence  of 5% in adult patients
with  NF1.20 Although  they  can  appear  in healthy  individuals,
around  30%  of  patients  with  glomus  tumors  have  NF1.19,20

From  the histological  point of view,  they  are characterized
by  the  presence  of  fine-walled  vessels  surrounded  by  uni-
form  cells  with  rounded  and  dark  nuclei.  Unlike in sporadic
cases,  these  cells  do not  express  neurofibromin  in individuals
with  NF1.19

Other  Common  Skin Findings  in  Neurofibromatosis
Type 1

Pruritus,  generalized  hyperpigmentation,  presence  of
hypochromic  macules,  and  soft  skin  are findings  that  can
be  readily  detected  in patients  with  NF1.
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Figure  3  Hypopigmented  lesions  in  a  female  patient  with

NF1.

Pruritus  affects  20%  of  patients  with  NF1  and  consider-
ably  impacts  their  quality  of  life.21 The  itching  has  been
attributed  to increased  mastocytes  in  the skin, but  there
do  not  appear  to  be  any  differences  in plasma  levels  of
histamine  in patients  with  itching  compared  to  the  gen-
eral  population.22 Many  patients  do,  however,  have  pruritus
localized  in the neurofibromas,  where  elevated  mastocytes
have  been  detected;  administration  of ketotifen  can  sup-
press  the  itching.23 We  should  bear in mind  that localized
itching  can  be  a  warning  for the  development  of  medullary
tumors  or tumors  of  the  central  nervous  system,24,25 and  so
it  is a  relevant  symptom  in patients  with  NF1.

Patients  with  NF1  have  diffuse  generalized  hyperpig-
mentation  that  becomes  evident  on  comparing  the tone
of  their  skin  with  that  of  unaffected  family  members,  and
this  explains  the  underlying  hyperpigmentation  often  seen
in  segmental  forms  of  NF1.  Recently,  in vitro  studies  have
shown  that  melanocytes  with  a mutation  in the NF1  gene
reproduce  this  hyperpigmentation,  which  is  attributed  to
overexpression  of microphthalmia-associated  transcription
factor,  tyrosinase,  and  dopachrome  tautomerase,  all  agents
involved  in melanogenesis.26

Just  as  CaLS  are observed  in tuberous  sclerosis,  in
children  with  NF1,  hypopigmented  macules  can be found
relatively  frequently  (Fig.  3),27 but  to  date,  there  are no
studies  that  have  characterized  their  prevalence,  number,
and  morphology.  Finally,  skin  softness  in  patients  with  NF1
is  a  subjective  perception  that  is  also  highlighted  by  some
experts  in  the  disease.27

Segmental or  Mosaic  Localized
Neurofibromatosis

Currently,  segmental  neurofibromatosis  tends  to  be  denoted
mosaic  localized  neurofibromatosis  (MLNF).  Characteristi-
cally,  typical  lesions  of  NF1  are limited  to  one  or  several
body  segments.  Four  different  types  can be  distinguished
according  to  the clinical  findings:  1) MLNF with  exclu-
sively  pigmentary  cutaneous  changes  (CaLS  and freckling);
2)  MLNF  with  neurofibromas  alone;  3) MLNF  with  cutaneous
pigmentary  changes  and  neurofibromas;  and 4) MLNF  with
exclusively  plexiform  neurofibromas.28 A  minimal  number

Figure  4  Localized  mosaic  neurofibromatosis  with  exclusively

pigmentary  lesions.  Underlying  mild  pigmentation  delimits  the

lesion, which  slightly  exceeds  the medial  line.

of  CaLS  is  not  required  and the freckling  does  not  have
to  be localized  to  skin  folds  to  enable  diagnosis  of  LMNF.
Likewise,  there  is  no  minimum  number  of 2 cutaneous
neurofibromas  in the  region  of skin  with  typical  pigmen-
tary  changes.  The  prevalence  is  estimated  to  be  between
1:30  000 and 1:40  0000  healthy  individuals,8 but  it is  proba-
bly  more  common,  as  it often  goes  unnoticed  by  physicians
and  parents,  who  consider  it a  birthmark.  The  development
of  lesions  follows  the same  time  course as  that  of  the sys-
temic  form  of  the disease.  Therefore,  most patients  will
only  have  pigmentary  lesions  during  childhood  and develop
neurofibromas  from  puberty  onwards.28,29 In the  forms  with
exclusively  pigmentary  changes,  tenuous  underlying  hyper-
pigmentation  is  observed  that delimits  the  affected  segment
which,  although  well  defined,  can slightly  exceed  the  medial
line  (Fig.  4). Some  patients  present  with  CaLS  outside
the apparently  affected  segment,  particularly  when  the
segment  involves  the scapular  or  pelvic  region.  In these
patients,  CaLS may  be present  along  the  involved  limb.
Other  cutaneous  findings,  such  as  NAs or  JXGs  have  not
been  described,  and  systemic  complications  that are  often
associated  with  NF1  appear  to  be less frequent  in MLNF.30

MLNF  is  usually  asymptomatic  but  it  can  cause  itching,31

or  pain  resulting  from  nerve  root  compression  or  malignant
transformation.32,33

It is not  uncommon  for  MLNF to  be confused  with  other
lesions such  as  nevus  spilus,  pigmentary  mosaicism,  or,  very
occasionally,  segmental  lentiginous  pigmentation.34 These
pigmentation  disorders  are very  difficult  to  distinguish  clini-
cally  from  MLNF,  and  differentiation  can only be achieved  by
molecular  analysis  of  the tissue.  Patients  with  mosaic  forms
of  NF1  should  not  be  diagnosed  with  generalized  NF1,  even
when  they  meet  the diagnostic  criteria  for  number  and  size
of  CaLS in the affected  area.  Nevertheless,  patients  should
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Figure  5  RAS  MAPK  metabolic  pathway.  After  stimulation  of  the  cell receptors,  intracellular  proteins  are activated  (SHC,GRB2,

and SHP2),  and  these  recruit  intracytoplasmic  SOS1,  activating  the  RAS  proteins.  Activation  of  the RAS  proteins  is accompanied  by

activation of RAF  (BRAF,  RAF1),  MEK1A1/MEK1A2  and,  finally,  ERK/ERK2,  which  are  the  last  effectors  of the  RAS/MAPK  pathway  and

responsible for  maintaining  the cell  life  cycle.

be aware  of  a small  risk  of  transmitting  generalized  disease
to  their  descendents.28,30 It  is  important  to  highlight  that
gonadal  mosaicism  is  independent  of  the  site  of  the  affected
cutaneous  area,  which  is  not  necessarily  localized  on  or  near
the  gonadal  region.  Furthermore,  there  are no  conclusive
data  on  the  risk  of  germline  mosaicism.  A recent  systematic
review  did  find  that  4 of  157 cases  published  (2.5%)  trans-
mitted  a  generalized  form  of the disease,30 but  the  authors
themselves  pointed out  the possibility  of  publication  bias.
In  addition,  we  do not have  any data  on  the  total  number  of
descendants  of patients  with  MLNF reported  or  the  percent-
age  of  offspring  affected.  This  information  is  essential  for
reliably  calculating  the risk  of  transmission  of  the  disease.

Neurofibromatosis Type 1  and  Cancer

Malignant  tumors  are,  probably,  the  most feared  compli-
cation  of  NF1.  The  signaling  pathway  mediated  by  the
MAP-kinases  ERK1 and  ERK2  plays  an essential  role  in the
control  of  cell  proliferation,  differentiation,  and  survival

in  physiological  conditions,  and so failures  associated
with  regulation  of  this pathway  significantly  contribute  to
cell  transformation,  and  these  are undoubtedly  involved
in  tumor  progression  (Fig.  5). In decreasing  order,  the
most  frequent  neoplasms  in NF1  are  optic  nerve  glioma
(ONG)  (15%-20%),  malignant  peripheral  nerve  sheath  tumor
(MPNST)  (8%-13%),  gastrointestinal  stromal  tumors  (4%-25%),
and  pheochromocytomas  (0.1%-5%).35 In  addition,  patients
with  NF1 are  at  7  to 5  times greater  risk  than the general
population  of  developing  leukemia,  brain  tumors,  and  breast
cancer.  Finally,  although  the  relationship  between  NF1  and
melanoma  is  not  clear,  recent  findings  have implicated  neu-
rofibromin  in  the  genesis  of  this  tumor.  For reasons  of space,
we  will  only discuss  tumors  of  neural  origin  and  the relation-
ship  between  neurofibromin  and melanoma.

Optic  Nerve Gliomas  and  Other  Gliomas

ONGs  account  for  85%  of  low-grade  gliomas  (pilocytic  astro-
cytomas)  in  patients  with  NF1,  and  affect  between  15%  and
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Figure  6  Optic  nerve  glioma.  T1-weighted  coronal  magnetic

resonance  imaging.  Circumferential  thickening  of  the  left  optic

chiasm  is  observed  (arrow),  consistent  with  optic  nerve  glioma.

30%  of children  aged  between  3  and  5 years.36,37 They  are  a
diagnostic  criterion  for  the  disease.  Most cases  are  asymp-
tomatic,  but  they  can  cause  loss  of  vision  in up  to  12%  of
patients37 or  provoke  early  onset  of  puberty.35 In  view  of
the  high  incidence  of  ONGs,  close ophthalmological  follow-
up  is  advisable  in children  with  NF1, whether  this  is  clinical
or  radiological,  as  clinical  detection  by  physical  examination
can  be  difficult  and  some neuropediatricians  prefer  conduct-
ing  complementary  tests  (Fig.  6).37 The  remaining  15%  of
low-grade  gliomas  also  occur  more  frequently  in  the first
10  years  of  life,  and can appear  in any  part  of the  brain.
They  are  manifest  clinically  as  headaches,  unstable  gait,
or  lethargy.35 By contrast,  high-grade  gliomas  (glioblastoma
multiforme)  are  more  often  seen  in  young  adults.  The  risk
of  such  tumors  is  5-fold  greater  in patients  with  NF1  than
in  the  general  population  and  prognosis  is  poor.35,38 Treat-
ment  for  ONG in  patients  with  NF1  is  usually  conservative,
unless  a  decrease  in visual  acuity  or  progression  in  the  size  of
the  tumor  in imaging  tests  is observed.  If  necessary,  first-line
treatment  is  chemotherapy  with  vincristine  and  carboplatin.
Radiotherapy  is  not  recommended  given  the high  risk  of  sec-
ondary  tumors.  Surgery  is reserved  for  large orbital  tumors
in  which  the  patient  has  no  useful  vision,  when  the cornea
is  exposed,  or  if there  is  proptosis.39

Malignant  Peripheral  Nerve  Sheaf  Tumor

MPNST  (or neurofibrosarcoma)  is  a type of  sarcoma  that  is
thought  to  be  derived  from  Schwann  cells.  It  accounts  for  3%
to  10%  of  all  sarcomas  and  is  almost  always  associated  with
NF1.  The  approximate  prevalence  in  patients  with  NF1  is
0.1%  and the  cumulative  life-long  risk  is  8%  to  13%.35 In NF1,
these  tumors  present  in  less  than  5%  of adult  patients40,41

and  in  less than  2%  of  children.36 The  sites  at  greatest  risk
are  areas  with  preexisting  plexiform  neurofibroma,  when
there  is  complete  deletion  of  the gene  or  a  history  of prior
radiotherapy.  Factors  predictive  of  the  presence  of internal
(or  deep)  plexiform  neurofibromas  have been discussed  in
another  section,  but  although  the  majority  of  MPNST  result
from  malignant  transformation  of  plexiform  neurofibromas,

they  can  also  appear  on subcutaneous  neurofibromas  and
even  where  there  are  no  prior  lesions.36,40,42 The  molecular
mechanisms  of  malignant  transformation  of neurofibromas
are  not well  known,  but  mutation  of  the NF1  gene  on  both
alleles  in tumors,  along  with  other  epigenetic  mechanisms,
may  lead to  mutation  of  other  important  genes  such  as
p53  and  InK4A.41 Warning  symptoms  include  sudden increase
in  size,  change  in  texture  (increased  consistency),  intense
or  unremitting  pain,  and  neurological  symptoms  other  than
those  usually  present.40 In  these  cases,  a radiological  assess-
ment  and  biopsy  (with  surgical  resection  if appropriate)
should  be  performed  immediately  as  a delay  in diagnosis
(in  direct  relation  to  the tumor  size)  is  directly  correlated
to  prognosis.43 It should  be remembered  that  magnetic  reso-
nance  imaging  offers  data  on  the extent  and  site,  but  not  on
the  biological  behavior  of  the tumor.  For such  information,
positron  emission  tomography  with  18-fluorodesoxyglucose
is  necessary.  This  imaging  technique  will also  provide  infor-
mation  on  potential  metastases.  Fine  needle  aspiration
biopsy  is  not necessary  as  the  histological  sample  should
provide  enough  tissue  sample  for  analysis.  Radical  surgery
is  the only curative  therapeutic  procedure,  but  it is  often
impossible  or  too  disfiguring.  Use  of  coadjuvant  chemother-
apy  is  controversial  and  not standard  practice,  except  the
use  of anthralin  in patients  with  metastatic  tumors.44,45 Cur-
rently,  MPNST  has  poor prognosis  for  survival.35

Melanomas

It is  not clear  whether  there  is  a true  association  between
NF1  and  melanoma  or  whether  the published  cases,  which
are  usually  sporadic,  are merely  anecdotic.  In the  largest
series,  which included  11  patients  with  NF1  and  cutaneous
melanoma,  melanoma  was  found  to  occur  more  frequently  in
women  (in  a  proportion  of  1:10),  and  young  people  (median
age,  33  years).  The  mean  Breslow  depth  was  3.2  mm,  that
is,  considerably  greater  than  in other  series  of  patients
with  melanoma  without  NF1,46 perhaps  because  other  pig-
mented  lesions  make detection  more  difficult.  Despite  the
uncertainty  of the association,  the relationship  between
melanoma  and  the RAS pathways  is  irrefutable,  as  not only
do 50%  of  melanomas  have  BRAF  mutations  (particularly
V600E)  and 15%  to  20%  of  these  have  NRAS  mutations  (par-
ticularly  in  codon  61)  but  also  many  melanomas  have  NF1

mutations,  whether  associated  or  not  with  the  aforemen-
tioned  mutations.47 The  NF1  gene  is  therefore  the third
most  affected  gene  in  melanoma.  NF1  mutations  are  par-
ticularly  common  in desmoplastic  melanomas,  where they
are  detected  in 93%  of  cases,  compared  with  20%  in  non-
desmoplastic  melanomas.48 However,  the  predictive  value
for  response to  treatment  with  MEK  inhibitors  of the pres-
ence  of  these mutations  is  subject  to  debate.49,50 In  addition
to  melanoma,  mutations  in the neurofibromin  gene  have
been  detected  sporadically  in other  cancers,  such  as  brain
tumors,  breast  cancer,  ovarian  cancer,  and leukemias,  and
this  is  a  promising  line  of  research.51

Finally,  it is  important  to note  that  the rate  of  mortality
due  to  cancer  in individuals  with  NF1  is  somewhat  higher
in  individuals  under  50  years  of  age,  with  this  increased
rate  driven  mainly  by  breast  cancer  and JMML,  but  the
rates  of  cancer  compared  with  the general  population  even
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out  above  this  age.52 Likewise,  although  the  mean  life
expectancy  is  somewhat  lower  in  patients  with  NF1  than  in
healthy  individuals,  the  majority  of NF1  patients  live  past
70  years  of  age.

Diagnosis of  Neurofibromatosis Type 1

Currently,  diagnosis  of NF1  is  still  mainly  based  on  clinical
observations.53 However,  the timing  of  development  of  diag-
nostic  criteria  hinders  diagnosis  in small  children  and,  in
fact,  only  46%  of  patients  with  no family  history  of  the dis-
ease  are  diagnosed  before  the age  of 2 years.54 In recent
years,  several  authors  have  proposed  the  inclusion  of  other
cutaneous  findings  such  as  NAs and xanthogranulomas  in
the  diagnostic  criteria  to  facilitate  diagnosis  in this age
group,2---5,7,27 and  some  authors  go  as far  as  to  propose  a
revision  and  update  of  the classical  clinical  criteria.27,55

Genetic  diagnosis  of  NF1 is  not generally  available.  The
large  size  of the  NF1  gene,  the presence  of  homologous  pseu-
dogenes  in  pericentric  regions  of  other  chromosomes,  the
limited  genotype-phenotype  correlation,  and the absence
of  hotspots  make  study  of  mutations  laborious  and  costly.
The  combination  of  molecular  techniques  increases  the sen-
sitivity  of detection  of  genetic  mutations.  Specifically,  the
combination  of  RNA  analysis  (denaturing  high  performance
liquid  chromatography)  and  multiplex  ligation-dependent
probe  amplification,  validated  by  Spanish  researchers,  has
a  sensitivity  of  95%  for detection  of  mutations  in the NF1

gene  and  provides  very  reliable  results.56 To  date,  more
than  1000  mutations  have  been  reported  throughout  the
entire  NF1  gene;  the majority  of  NF1 mutations  occur  due
to  point  changes  in the gene coding  sequence,  while  gene
deletion  occurs  only in a  minority  of  cases.  Although the
penetration  of  the  disease  is  almost  100%  in  adults,  there
is  good  genotype-phenotype  correlation  in only  a very  few
cases,  and  such  correlation  is  not  usually  seen  even in
the  same  family  or  identical  twins.57---60 The  exceptions  are
cases  of  complete  microdeletion  of the NF1 gene  of 1.4
Mb  (patients  with  such mutations  have  a  severe  form  of
the  disease,  with  numerous  and  early-onset  neurofibromas,
cognitive  impairment,  dysmorphic  features,  and  a tendency
to  develop  malignancies),58,61 deletions  of  3  base  pairs  in
exon  17  affecting  a  single  amino  acid,  p.Met992del  (cases
present  CaLS  and  freckling  without  neurofibromas),60 and
mutations  in codon  1809  of  exon 29,  which  presents  with
pulmonary  stenosis  and  short  stature  (phenotypic  charac-
teristics  of Noonan  syndrome).59

Problems  with  the genetic  study  have led  some  authors  to
consider  routine  genetic  studies  unnecessary  in  small  chil-
dren who  still  do  not  meet the criteria  for  the disease,  as:  1)
95% of  children  will  meet  the clinical  criteria  at the age of  8
years;  2)  a  negative  result  in the genetic  test, in absence  of
a  known  familial  mutation,  does not rule  out  diagnosis;  and
3)  the  absence  of  correlation  between  genotype  and  pheno-
type  does  not  allow  a prognosis  to  be  made  or  change  the
approach  to follow-up.62,63 Set  against  this  opinion  is  the
day-to-day  reality  of  physicians  who  attend  children  with
NF1:  worried  parents  (who  are perfectly  informed  about the
risks  and  worst  aspects  of  the  disease)  who  want  to  know
for  sure  whether  their  child  has  the  disease.  It is  likely  that

advances  in  molecular  diagnostic  techniques  will  decreases
costs  and  genetic  studies  will  become  widespread.

In conclusion,  the  presence  of  cutaneous  findings  such  as
NAs  and  JXGs  seem  to  be of  high  predictive  value  in patients
with  CaLS but  with  no  definite  diagnosis  of  NF1. Patients  with
NF1  have a predisposition  to  cancer,  and  early  diagnosis  of
malignant  tumors  is  the determining  factor  in prognosis.  NF1
is  a multisystemic  disease  that  requires  multidisciplinary
follow-up  with  dermatologists  playing  an important  role.

Conflicts  of Interest

The  authors  declare  that  they  have  no  conflicts  of  interest.

References

1. Naegeli O. Naevi anaemici und Reckinghausensche Krankheit.

Arch Dermatol Syph (Wien). 1915;121:742---5.

2. Tadini G, Brena M,  Pezzani L, Gelmetti C, Santagada F,  Boldrini

MP. Anemic nevus in neurofibromatosis type 1. Dermatology.

2013;226:115---8.

3. Marque M,  Roubertie A, Jaussent A, Carneiro M, Meunier L,

Guillot B, et  al. Nevus anemicus in neurofibromatosis type 1:

A potential new diagnostic criterion. J  Am Acad Dermatol.

2013;69:768---75.

4. Ferrari F, Masurel A, Olivier-Faivre L, Vabres P. Juvenile

xanthogranuloma and nevus anemicus in the diagnosis of neu-

rofibromatosis type 1. JAMA Dermatol. 2014;150:42---6.

5. Hernandez-Martin A, Garcia-Martinez FJ, Duat A, Lopez-Martin

I, Noguera-Morel L, Torrelo A. Nevus anemicus: A distinctive

cutaneous finding in neurofibromatosis type 1.  Pediatr Derma-

tol. 2015;32:342---7.

6. Hernandez-Martin A, Baselga E, Drolet BA, Esterly NB. Juvenile

xanthogranuloma. J Am Acad Dermatol. 1997;36:355---67.

7. Fenot M, Stalder JF, Barbarot S.  Juvenile xanthogranulomas are

highly prevalent but transient in young children with neurofi-

bromatosis type 1. J Am Acad Dermatol. 2014;71:389---90.

8. Huson SM, Harper PS, Von Compston DA. Recklinghausen neurofi-

bromatosis. A  clinical and population study in south-east Wales.

Brain. 1988;111 Pt 6:1355---81.

9. Zvulunov A. Juvenile xanthogranuloma, neurofibromatosis,

and juvenile chronic myelogenous leukemia. Arch Dermatol.

1996;132:712---3.

10. Cambiaghi S, Restano L,  Caputo R. Juvenile xanthogranu-

loma associated with neurofibromatosis 1: 14  patients without

evidence of hematologic malignancies. Pediatr Dermatol.

2004;21:97---101.

11. Burgdorf WH, Zelger BJXG. JXG, NF1, and JMML: Alphabet soup

or a clinical issue. Pediatr Dermatol. 2004;21:174---6.

12. Gutmann DH, Gurney JG, Shannon KM. Juvenile xanthogran-

uloma, neurofibromatosis 1, and juvenile chronic myeloid

leukemia. Arch Dermatol. 1996;132:1390---1.

13. Benessahraoui M,  Aubin F, Paratte F, Plouvier E, Humbert P.

Leucémie myélomonocytaire juvénile, xanthomes et  neurofi-

bromatose de type 1.  Arch Pediatr. 2003;10:891---4.

14. Shin HT,  Harris MB, Orlow SJ. Juvenile myelomonocytic leukemia

presenting with features of hemophagocytic lymphohistio-

cytosis in association with neurofibromatosis and juvenile

xanthogranulomas. J  Pediatr Hematol Oncol. 2004;26:591---5.

15. Raygada M, Arthur DC, Wayne AS, Rennert OM, Toret-

sky JA, Stratakis CA. Juvenile xanthogranuloma in a child

with previously unsuspected neurofibromatosis type 1 and

juvenile myelomonocytic leukemia. Pediatr Blood Cancer.

2010;54:173---5.

http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0320
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0325
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0330
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0335
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0340
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0345
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0350
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0355
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0360
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0360
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0360
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0360
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0360
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0360
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0360
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0360
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0360
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0360
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0360
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0360
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0360
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0360
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0360
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0360
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0360
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0365
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0370
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0375
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0380
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0385
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0390


472  A.  Hernández-Martín,  A.  Duat-Rodríguez

16. Jans SR, Schomerus E, Bygum A. Neurofibromatosis type 1

diagnosed in a child based on multiple juvenile xanthogranulo-

mas and juvenile myelomonocytic leukemia. Pediatr Dermatol.

2015;32:e29---32.

17. Klaber R. Morbus recklinghausen with glomoid tumours. Proc R

Soc Med. 1938;31:347.

18. Brems H,  Park C, Maertens O, Pemov A, Messiaen L, Upadhyaya

M, et al. Glomus tumors in neurofibromatosis type 1: Genetic,

functional, and clinical evidence of  a novel association. Cancer

Res. 2009;69:7393---401.

19. Kumar MG, Emnett RJ, Bayliss SJ, Gutmann DH. Glomus tumors

in individuals with neurofibromatosis type 1.  J  Am Acad Derma-

tol. 2014;71:44---8.

20. Harrison B, Moore AM, Calfee R, Sammer DM. The association

between glomus tumors and neurofibromatosis. J  Hand Surg Am.

2013;38:1571---4.

21. Khosrotehrani K, Bastuji-Garin S, Riccardi VM, Birch P, Friedman

JM, Wolkenstein P. Subcutaneous neurofibromas are associated

with mortality in neurofibromatosis 1: A cohort study of 703

patients. Am J Med Genet A. 2005;132A:49---53.

22. Yoshida Y, Adachi K, Yamamoto O. Local mast cell histamine and

plasma histamine levels in neurofibromatosis type 1. Acta Derm

Venereol. 2010;90:637---9.

23. Riccardi VM. Mast-cell stabilization to decrease neurofibroma

growth. Preliminary experience with ketotifen. Arch Dermatol.

1987;123:1011---6.

24. Darken RS, Bogitch R, Leonard J, Perry A, McKinstry RC, Gut-

mann DH, et  al.  Brainstem glioma presenting as  pruritus in

children with neurofibromatosis-1. J Pediatr Hematol Oncol.

2009;31:972---6.

25. Johnson RE, Kanigsberg ND, Jimenez CL. Localized pruritus:

A presenting symptom of a spinal cord tumor in a child

with features of  neurofibromatosis. J Am Acad Dermatol.

2000;43:958---61.

26. Allouche J, Bellon N,  Saidani M, Stanchina-Chatrousse L,  Masson

Y, Patwardhan A, et al. In vitro modeling of hyperpigmenta-

tion associated to neurofibromatosis type 1 using melanocytes

derived from human embryonic stem cells. Proc Natl Acad Sci U

S A. 2015;112:9034---9.

27. Tadini G, Milani D, Menni F, Pezzani L,  Sabatini C, Esposito S.

Is it time to change the neurofibromatosis 1 diagnostic criteria.

Eur J Intern Med. 2014;25:506---10.

28. Ruggieri M,  Huson SM. The clinical and diagnostic impli-

cations of mosaicism in the neurofibromatoses. Neurology.

2001;56:1433---43.

29. Listernick R, Mancini AJ, Charrow J. Segmental neurofibromato-

sis in childhood. Am J Med Genet A. 2003;121A:132---5.

30. Garcia-Romero MT, Parkin P, Lara-Corrales I. Mosaic neurofi-

bromatosis type 1:  A systematic review. Pediatr Dermatol.

2016;33:9---17.

31. McFadden P, Logan R, Griffiths WA.  Segmental neurofibromatosis

and pruritus. Clin Exp Dermatol. 1988;13:265---8.

32. Muthukumar N. Segmental neurofibromatosis-induced spinal

cord compression. Case report. J Neurosurg. 2001;95:236---8.

33. Schwarz J, Belzberg AJ. Malignant peripheral nerve sheath

tumors in the setting of  segmental neurofibromatosis. Case

report. J Neurosurg. 2000;92:342---6.

34. Amouri M, Chaaben H, Meziou TJ, Mseddi M, Masmoudi A,

Boudaya S, et al. Lentiginose unilatérale partielle et neurofi-

bromatose segmentaire: problème nosologique. Arch Pediatr.

2013;20:89---90.

35. Hirbe AC, Gutmann DH. Neurofibromatosis type 1: A multidisci-

plinary approach to care. Lancet Neurol. 2014;13:834---43.

36. Boulanger JM, Larbrisseau A. Neurofibromatosis type 1 in a pedi-

atric population: Ste-Justine’s experience. Can J  Neurol Sci.

2005;32:225---31.

37. Duat Rodriguez A, Martos Moreno GA, Martin Santo-Domingo

Y, Hernandez Martin A, Espejo-Saavedra Roca JM, Ruiz-Falco

Rojas ML, et al. Características fenotípicas y genéticas en la

neurofibromatosis tipo  1 en edad pediátrica. An Pediatr (Barc).

2014.

38. Huttner AJ, Kieran MW,  Yao X, Cruz L,  Ladner J,  Quayle

K,  et  al. Clinicopathologic study of glioblastoma in children

with neurofibromatosis type 1. Pediatr Blood Cancer. 2010;54:

890---6.

39. Listernick R, Ferner RE, Liu GT, Gutmann DH. Optic pathway

gliomas in neurofibromatosis-1: Controversies and recommen-

dations. Ann Neurol. 2007;61:189---98.

40. Ferner RE, Gutmann DH. Neurofibromatosis type 1 (NF1): Diag-

nosis and management. Hand Clin Neurol. 2013;115:939---55.

41. Laycock-van Spyk S,  Thomas N, Cooper DN, Upadhyaya M.

Neurofibromatosis type 1-associated tumours: Their somatic

mutational spectrum and pathogenesis. Hum Genomics.

2011;5:623---90.

42. Schaefer IM, Fletcher CD. Malignant peripheral nerve sheath

tumor (MPNST) arising in diffuse-type neurofibroma: clinico-

pathologic characterization in a series of  9 cases. Am J  Surg

Oncol. 2015;39:1234---41.

43. Stucky CC, Johnson KN, Gray RJ, Pockaj BA, Ocal IT, Rose PS,

et  al. Malignant peripheral nerve sheath tumors (MPNST): The

Mayo Clinic experience. Ann Surg Oncol. 2012;19:878---85.

44. Ferner RE, Gutmann DH. International consensus statement on

malignant peripheral nerve sheath tumors in neurofibromatosis.

Cancer Res. 2002;62:1573---7.

45. Kroep JR, Ouali M, Gelderblom H, Le Cesne A, Dekker TJ,

Van Glabbeke M,  et al. First-line chemotherapy for malignant

peripheral nerve sheath tumor (MPNST) versus other histologi-

cal soft tissue sarcoma subtypes and as a prognostic factor for

MPNST: An EORTC soft tissue and bone sarcoma group study. Ann

Oncol. 2011;22:207---14.

46. Guillot B, Dalac S, Delaunay M,  Baccard M, Chevrant-Breton J,

Dereure O, et al.  Cutaneous malignant melanoma and neurofi-

bromatosis type 1. Melanoma Res. 2004;14:159---63.

47. Andersen LB, Fountain JW,  Gutmann DH, Tarle  SA, Glover

TW, Dracopoli NC, et al. Mutations in the neurofibromatosis 1

gene in sporadic malignant melanoma cell lines. Nat Genet.

1993;3:118---21.

48. Wiesner T, Kiuru M,  Scott SN, Arcila M, Halpern AC, Hollmann T,

et  al. NF1 mutations are common in desmoplastic melanoma.

Am J  Surg Pathol. 2015;39:1357---62.

49. Nissan MH, Pratilas CA, Jones AM, Ramirez R,  Won H, Liu C,

et  al. Loss of NF1 in cutaneous melanoma is associated with RAS

activation and MEK dependence. Cancer Res. 2014;74:2340---50.

50. Krauthammer M, Kong Y,  Bacchiocchi A, Evans P, Pornputtapong

N, Wu C, et al. Exome sequencing identifies recurrent mutations

in NF1 and RASopathy genes in sun-exposed melanomas. Nat

Genet. 2015;47:996---1002.

51. Yap YS, McPherson JR, Ong CK, Rozen SG, Teh BT, Lee AS, et al.

The NF1 gene revisited-from bench to bedside. Oncotarget.

2014;5:5873---92.

52. Evans DG, O’Hara C, Wilding A, Ingham SL, Howard E, Dawson J,

et al. Mortality in neurofibromatosis 1: In North West England:

An assessment of actuarial survival in a region of  the UK since

1989. Eur J Hum Genet. 2011;19:1187---91.

53. Neurofibromatosis. Conference statement. National Institutes

of Health Consensus Development Conference. Arch Neurol.

1988;45:575---8.

54. DeBella K,  Szudek J, Friedman JM. Use of  the national insti-

tutes of  health criteria for diagnosis of  neurofibromatosis 1 in

children. Pediatrics. 2000;105 3 Pt 1:608---14.

55. Milani D, Pezzani L, Tadini G, Menni F, Esposito S. A multi-

disciplinary approach in neurofibromatosis 1. Lancet Neurol.

2015;14:29---30.

56. Valero MC, Martin Y, Hernandez-Imaz E, Marina Hernandez A,

Melean G,  Valero AM, et al.  A highly sensitive genetic protocol

to detect NF1 mutations. J Mol  Diagn. 2011;13:113---22.

http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0395
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0400
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0400
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0400
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0400
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0400
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0400
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0400
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0400
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0400
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0400
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0400
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0400
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0400
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0405
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0410
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0415
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0420
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0425
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0430
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0435
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0440
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0445
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0450
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0455
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0460
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0465
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0470
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0475
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0475
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0475
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0475
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0475
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0475
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0475
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0475
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0475
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0475
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0475
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0475
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0475
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0475
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0475
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0475
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0480
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0485
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0490
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0495
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0500
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0505
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0510
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0515
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0520
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0525
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0530
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0535
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0540
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0545
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0550
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0555
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0560
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0565
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0570
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0575
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0580
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0580
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0580
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0580
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0580
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0580
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0580
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0580
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0580
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0580
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0580
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0580
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0580
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0580
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0580
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0580
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0580
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0585
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0590
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0595


Neurofibromatosis  Type  1: Other  Skin  Manifestations  Characteristic  of  NF1. NF1  and  Cancer  473

57. Rieley MB, Stevenson DA, Viskochil DH, Tinkle BT, Martin

LJ, Schorry EK. Variable expression of neurofibromatosis 1 in

monozygotic twins. Am J  Med Genet A. 2011;155A:478---85.

58. Mautner VF, Kluwe L,  Friedrich RE, Roehl AC, Bammert S,  Hogel

J, et al. Clinical characterisation of  29 neurofibromatosis type-1

patients with molecularly ascertained 1.4 Mb type-1 NF1 dele-

tions. J Med Genet. 2010;47:623---30.

59. Rojnueangnit K, Xie J,  Gomes A, Sharp A, Callens T,  Chen Y,

et al. High incidence of noonan syndrome features including

short stature and pulmonic stenosis in patients carrying NF1

missense mutations affecting p.Arg1809: Genotype-phenotype

correlation. Hum Mutat. 2015;36:1052---63.

60. Upadhyaya M, Huson SM, Davies M,  Thomas N, Chuzhanova N,

Giovannini S,  et al. An absence of cutaneous neurofibromas

associated with a 3-bp inframe deletion in exon 17 of  the

NF1 gene (c.2970-2972 delAAT): evidence of  a clinically signif-

icant NF1 genotype-phenotype correlation. Am J  Hum Genet.

2007;80:140---51.

61. Descheemaeker MJ, Roelandts K,  de Raedt T, Brems H, Fryns JP,

Legius E. Intelligence in individuals with a neurofibromatosis

type 1 microdeletion. Am J Med Genet A. 2004;131:325---6.

62. Radtke HB, Sebold CD, Allison C, Haidle JL, Schneider G.

Neurofibromatosis type 1 in genetic counseling practice: Rec-

ommendations of  the National Society of  Genetic Counselors. J

Genet Couns. 2007;16:387---407.

63. Hersh JH. American Academy of Pediatrics Committee on G.

Health supervision for children with neurofibromatosis. Pedi-

atrics. 2008;121:633---42.

http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0600
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0605
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0610
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0615
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0620
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0625
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630
http://refhub.elsevier.com/S1578-2190(16)30089-0/sbref0630

	An Update on Neurofibromatosis Type 1: Not Just Café-au-Lait Spots and Freckling. Part II. Other Skin Manifestations Chara...
	Introduction
	Other Common Skin Manifestations in Neurofibromatosis Type 1
	Nevus Anemicus
	Juvenile Xanthogranulomas
	Glomus Tumors
	Other Common Skin Findings in Neurofibromatosis Type 1

	Segmental or Mosaic Localized Neurofibromatosis
	Neurofibromatosis Type 1 and Cancer
	Optic Nerve Gliomas and Other Gliomas
	Malignant Peripheral Nerve Sheaf Tumor
	Melanomas

	Diagnosis of Neurofibromatosis Type 1
	Conflicts of Interest
	References


