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Overview

Café-au-lait macules (CALMs) 

Mosaic disorders affecting pigmentation

Practical Tips for Approach and Update
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Café-au-lait macules (CALMs) 1

OMG!!! 
Does my child 
have NF1? 

Parent self searching CALMs
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Café-au-lait macules (CALMs) 1

Approach and Key Clues

Number of CALMs 

CALM morphology: Typical vs Atypical

Patient Age

Family history

Other comorbidities; complete examination 
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Incidence of isolated CALMs

Between 1 and 3               36% of healthy children

More than 3                       0.3% of healthy children 

May indicate an underlying genetic disease

Number of CALMs in children

Whitehouse D. Diagnostic value of the cafe-au-lait spot in children. Arch Dis Child. 1966

Burwell RG et al. Cafe-au-lait spots in schoolchildren. Arch Dis Child. 1982
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CALM morphology: Typical vs Atypical

“Typical” CALM
smooth borders

homogeneous pigmentation

“Atypical” CALM
irregular borders – feathery

lightly pigmented – often in fair skin
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Multiple “Typical” CALMs
Very good predictor of NF1

Multiple “Atypical” CALMs
Other conditions

PTPN11-related Noonan syndrome with lentigines  NF1
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Patient Age

Clinical diagnostic criteria for NF1 fulfilled:

- 54% by age 1

- 95% by age 8

- 100% by age 20
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Nevus anaemicus 

• Up to 51% 

• Most common on neck and upper trunk

• Often noted in children < 2 years of age with 
only 1 sign of NF1

Helpful clues in predicting NF1 

Rub the skin!

Juvenile Xanthogranuloma and Nevus Anemicus in the 

Diagnosis of Neurofibromatosis Type 1 JAMA 2014
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Juvenile Xantogranuloma

• In around 10%

• Most multiple and spontaneous resolution

• Head and genital area

Association with chronic myelomonocytic leukemia 

– debated

Helpful clues in predicting NF1 

Juvenile Xanthogranuloma and Nevus Anemicus in the 

Diagnosis of Neurofibromatosis Type 1 JAMA 2014
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Many conditions 
featuring CALMs

Silver-Russel syndrome

NF2 

Fanconi Anaemia

Ataxia Telangiectasia

Ring chromosome syndromes PTEN syndrome

CMMRD

Bloom syndrome

RASopathies

And more!
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Legius syndrome

Albaghdadi et al. Dermatol Clin 2022

Chen L et al, EJD 2023 
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Pathogenic variants in LZTR1 known to cause schwannomatosis and dominant/recessive Noonan syndrome

CALMs in varying number

Mostly atypical

Freckling on the folds

Mastromoro et al. 2024
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CALMs – a common feature in RASopathies

Phenotype

Dysmorphic facies

Hair and other ectodermal 
abnormalities 

Increased melanocytic naevi; 
Lentigines

Heart defects

Pectus deformity

Other problems..
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CALMs – a common feature in RASopathies

Noonan syndrome with lentigines

- Café Noir macule
- Lentigines  

Noonan syndrome

- Large CALM
- Melanocytic naevi

- Pectus excavatum

- Pterigium colli

A. Hernández-Martín Actas Dermosifiliogr. 2016



18Lavoine N, et al. J Med Genet 2015
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Constitutional mismatch repair deficiency (CMMRD)

MMR genes (MSH2, MSH6, MLH1, PMS2)

Biallelic germline mutations → CMMRD  
(early life cancers)

Monoallelic germline mutations → Lynch 
(adult onset cancers)

Early diagnosis is 
crucial to start 
surveillance protocol
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Particularly in dark skin. Easily misdiagnosed 

Café-au-lait macules (CALMs) – and when they’re not! 1

Also presenting with multiple lesions

Family member with similar lesions

Nriagu et al. Ped Dermatol 2020 ; 

Buhl et al. JAMA
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CM-AVM syndrome
Caused by pathogenic variants in RASA1 and EPHB4. AD inheritance

Multiple 1-3cm, round-oval, pinkish to red to brown

with peripheral halo

High-flow on US doppler

Valdivieso et al. Capillary malformation arteriovenous malformation syndrome: a multicentre study, Clinic Exp Dermatol 2020

Gandon et al. Ped Dermatol 2016
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CM-AVM syndrome
Caused by pathogenic variants in RASA1 and EPHB4. AD inheritance

After diascopy: 

Brown background/network 

Multiple 1-3cm, round-oval, pinkish to red to brown

with peripheral halo

High-flow on US doppler

RASA1 and NF1 - both encode GTPase-activating proteins acting as RAS signalling suppressors
CM-AVM another RASopathy

Valdivieso et al. Capillary malformation arteriovenous malformation syndrome: a multicentre study, Clinic Exp Dermatol 2020

Gandon et al. Ped Dermatol 2016
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CM-AVM syndrome

Check the skin to diagnose CM-AVM 

Brain and Spine AVMs

- Potentially serious

RASA1-related CM-AVM (10% risk)

EPBH4-related CM-AVM (3% risk)

Screening AngioMRI recommended 

In a retrospective study: 

50% of children presenting with cerebral hemorrhage due to intracranial AVMs had CM-AVM phenotype
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Mosaic disorders affecting pigmentation2



25Kinsler V, Knöpfel N, Polubothu S. Br J Dermatol. 2025 Oct

Kinsler V. Mosaic disorders affecting pigmentation - part 1: how to make a clinical diagnosis. Br J Dermatol. 2025 Oct 

Mosaic disorders affecting pigmentation2



Blaschkolinear, 
epidermal/keratinocytic

Chromosomal mosaicism

Single gene mosaicism

Hyper –
KITLG, IKBKG, PHF6, 
POLA1, EDA, ATP7A

Hypo –
IKBKG, TP63, MTOR, 

RHOA, GNA13..

Isolated on the skin 
or affecting other organs 

(incl. CNS)



27

What’s the pattern? 

Blaschkolinear, 

broad bands
Checkerboard 

blocklike

Lateralization
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Distinct classical patterns reflect a same embryonic cell type 
– Cluster all as Segmental Pattern

Segmental, melanocytic
affected by midline

Blaschkolinear, 

broad bands
Checkerboard 

blocklike

Lateralization



Very little known..

Incidence unknown

Varying terminology

Segmental Pigmentation Disorder, Metzker 1983

Segmental pigmentation anomaly

Pigmentary mosaicism, segmental CALMs .. 

Varying inclusion criteria in few cohort studies 

Majority of children apparently doing well



Does the child need any investigations?

Can this go with other medical problems in the future? 



Segmental macular hyperpigmentation 
- a feature of McCune Albright Syndrome

Polyostotic fibrous 
dysplasia

(craniofacial, axial or 
appendicular- long bones)

Café-au-lait 
pigmentation

in ‘broad bands’, borders 
resembling ’Coast of 

Maine’. Oral mucosae can 
be affected 

Estimated prevalence: between 1/100,000 and 1/1,000,000

Caused by mosaic activating variants in GNAS at codons 201 and 227

Endocrine 
dysfunction

(precocious puberty, 
hyperthyroidism, growth 

hormone excess, 
hypercortisolism)

with GH excesswith hypercortisolism





Segmental macular hyperpigmentation (SMH)  

Study Design

50 patients

with SMH
Complete examination and 
medical history

Imaging studies directed by the 

presence of symptoms and referral 

to designated specialty

Biopsy from 

affected skin

Blood DNA

DNA sequencing
Targeted NGS mosaic 

panel
GNAS hotspot 

sequencing



GNAS mosaicism in 7% 

GNAS c.602G>A p.(Arg201His) 
0.4% VAF

GNAS c.602G>A p.(Arg201His) 1% VAF

GNAS c.601C>T p.(Arg201Cys) 
0.3% VAF Variant allele load extremely low



Sex Age, 

years

Genotype Follow-up / Outcome 

F 0.6 GNAS c.601C>T p.(Arg201Cys) 0.3% VAF Hyperthyroidism requiring treatment at age 

12 years

M 17.1 GNAS c.602G>A p.(Arg201His) 1% VAF History of hip pain. XR pelvis and long bones 

normal

F 1.4 GNAS c.602G>A p.(Arg201His) 0.4% VAF Lost to follow-up

Follow-up: GNAS mosaicism diagnosis from skin 

Opportunity for early diagnosis and alert patients/families on future related complications

Consider retesting with the newer improved NGS in patients who previously tested negative 



Unknown genotype after NGS panel  

Still cannot rule out extremely low GNAS mosaicism



New genetic causes of SMH 

NRAS

PTPN11

BRAFNRAS

5p dup



No evidence of spilus/ 
speckled component, 
age 15 years

Polubothu S et al. JID 2023

New genetic causes of SMH 
– PTPN11 mosaicism

15y
PTPN11 c.1282G>C p.(Val428Leu) 8% VAF



Chromosomal 
mosaicism 

in 

Segmental

Pigmentation

F Browne et al. BJD 2010
5p15.33p12 x2~3

46,XX ⁄47,XX +dic(15)(q13q15)



Neurological problems 16% 

ADHD (2)

ASD (2)

Speech delay (2)

Dyspraxia (1)

Dyslexia (1)

Epilepsy due to carnitine deficiency (1)

Ophthalmological problems 6%

Scleral naevus (1)
Scleral melanocytosis (1) 
Nystagmus (1) 

None with segmental pigmentation 
around the eye

Extra-cutaneous features in our cohort 

Brain MRI 
in 5 patients 
with normal 

findings

50 patients, 31 (62%) female

Mean and median age at first visit 4.9 years (range 0.2 -17.1) and 3.7
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GNAS- related mosaic disorder

Awareness on other organ 
involvement
Follow-up recommended

NRAS, BRAF and PTPN11- related 

Well-known oncogenes in 
melanoytes

NRAS p.(Gly12Asp) in Noonan syndrome
BRAF p.(Gly469Arg) in CFC syndrome
5pdup described in germline

Proposed Approach

Kinsler V, Knöpfel N, Polubothu S. Br J Dermatol. 2025 Oct

Kinsler V. Mosaic disorders affecting pigmentation - part 1: how to make a clinical diagnosis. Br J Dermatol. 2025 Oct 
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Take away Tips in your daily practice

- Full body examination and medical history

- Developmental milestones

- Refer to appropriate specialist and order imaging depending on symptoms 

- Genetic investigation: in clinical setting covered by the presence of comorbidities

Segmental hyperpigmentation 2



Clinical and genetic diagnosis 
To improve our understanding of disease

Other reported cases of KRAS mosaicism 
presenting with neurofibromas

Spinal 
neurofibromas
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Vielen Dank für die Aufmerksamkeit!

nicole.knoepfel@kispi.uzh.ch
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