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�Of particular interest was the recognition of a
previously unreported syndrome in 9 patients with
valvular pulmonary stenosis. These children were
characterized by small stature, hypertelorism, mild
mental retardation, and in some instances by ptosis,
undescended testes, and skeletal malformations.�
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NS  Heart  Involvement
FREQUENCY  AND  FLAVORS

• Frequency
– 80-90%

• Flavors
– Congenital Heart Defects

• Heart Not Formed Correctly

– Heart Muscle Disease
• Hypertrophic Cardiomyopathy



NS  Heart  Involvement
FREQUENCY  OF  FLAVORS
• Pulmonary Valve Stenosis  40%

• Hypertrophic Cardiomyopathy 10%

• Aortic Coarctation 09%

• Secundum Atrial Septal Defect 08%
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NS  Congenital  Heart  Disease
PULMONIC  STENOSIS

• Severity
– Mild
– Moderate (35-70 mm Hg)
– Severe (>70 mm Hg)

• Effects
– Mild: Murmur Only
– Moderate: Exercise Limitations
– Severe: Sick Neonates
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NS  Congenital  Heart  Disease
PULMONIC  STENOSIS

• Treatment

– Mild: Observation

– Moderate-Severe

– Catheterization

– Surgery
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NS  Heart  Involvement
PULMONARY  VALVE



NS  Heart  Involvement
DYSPLASTIC  PULMONARY  VALVE
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NS  Congenital  Heart  Disease
AORTIC  COARCTATION

• Severity
– Mild-Moderate
• Variable Presentation
• Surgery

– Severe-Critical
• Present as Newborns

• Stabilize, Then Surgery



NS  Congenital  Heart  Disease
AORTIC  COARCTATION
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NS  Congenital  Heart  Disease
ATRIAL  SEPTAL  DEFECT
• Size

– Tiny- Small
• No Symptoms
• Can Close Spontaneously

-Medium-Large
• Symptoms Rare in Childhood
• Need Closure
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NS  Congenital  Heart  Disease
ATRIAL  SEPTAL  DEFECT
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NS Heart  Muscle  Disease
HYPERTROPHIC  CARDIOMYOPATHY

• Severity
– Variable
• No Symptoms
• Congestive Heart Failure

-Onset
• Newborn
• Adolescence



NS Heart  Muscle  Disease
HYPERTROPHIC  CARDIOMYOPATHY

• Treatment
– None
– Medical
• Various Types of Drugs

• For Symptoms, Not Cure

-Surgical
• For Symptoms, Not Cure
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NS  Heart  Involvement
TYPICAL  FOLLOW-UP

• Baseline
– Exam, ECG, Echocardiogram

• Normal Baseline
– Annual until 3, then 5, 10, 15

• Hypertrophic Cardiomyopathy
– Infants- Carefully
– Older- Annually

• Congenital Heart Disease
– Variable



NS  Heart  Involvement
SPECIAL  CONSIDERATIONS

• Pediatric Cardiology
– �Noonan Expert� Not Necessary

• Pulmonary Valve Stenosis
– Later Progression

• Hypertrophic Cardiomyopathy
– Not Typical, Particularly for Infants

• Pre-Procedure
– Evaluation for Bleeding

• Anesthesia
– Typical Risk





NS Heart Disease
TREATMENT  POSSIBILITIES



• 2 Infants with NS with Severe HCM
-Both with RIT1 Mutations

• High-Dose Beta Blockers
• Oral Trametinib 

• Compassionate Usage Basis 

• Results: Both Survived and Improved

NS  HCM
TRAMETINIB  
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NS  HCM
Trametinib  

Treatment of RIT1associated cardiomyopathy with 
trametinib: initial results in two patients 

G. Andelfinger1, C. Marquis2, M.J. Raboisson2, A. Karalis3, S. Waldmüller4, G. Wiegand5, B.D. 
Gelb6, M. Zenker7, M. Hofbeck5, M.A. Delrue3 

1) Cardiovascular Genetics, CHU Sainte Justine, Department of Pediatrics, Université de Montréal, Montréal, QC, Canada; 2) Service of Cardiology, CHU Sainte Justine, 
Department of Pediatrics, Université de Montréal, Montréal, QC, Canada; 3) Service of Genetics, CHU Sainte Justine, Department of Pediatrics, Université de Montréal, Montréal, 
QC, Canada; 4) Institute of Medical Genetics, University Hospital of Tübingen, Germany; 5) Department of Pediatric Cardiology, Pulmonology and Paediatric Intensive Care 
Medicine, University Children's Hospital Tübingen, Germany; 6) Mindich Child Health and Development Institute and Departments of Pediatrics and Genetics and Genomics 
Sciences, Icahn School of Medicine at Mount Sinai, New York, NY; 7) Institute of Human Genetics, University Hospital Magdeburg, Germany 

Abstract 
RASopathies are associated with substantial cardiovascular morbidity, mainly due to the occurrence of hypertrophic cardiomyopathy (CMP). CMP with biventricular obstruction carries a particularly severe prognosis, and therapeutic options are limited. In animal models, MEK/ERK inhibition alleviates 
RASopathy associated phenotypes. 
Here, we report the treatment of two infants with severe obstructive CMP caused by RIT1†mutations with trametinib. The first patient (P1), diagnosed prenatally with semilunar valve thickening, developed rapidly progressive CMP after birth despite highdose propranolol treatment (8 mg/kg/d). The second 
patient (P2) was diagnosed in the neonatal period with pulmonary stenosis and hypertrophic CMP. Distinct de novo RIT1 mutations were identified in each patient: S35T and F82L, respectively. CMP progressed rapidly, resulting in severe bilateral outflow obstruction with consecutive pulmonary edema 
despite propranolol treatment (9 mg/kg/d). P2 was resuscitated and required mechanical ventilation at the age of 12 weeks. Having exhausted conventional treatment for both patients, we used pharmacological MEK inhibition as last resort after approval of local ethics boards for offlabel use and obtaining 
informed consent. We started trametinib at 14 and 13 weeks of age respectively, at a dose of 0.025 mg/kg/d, and monitored side effects. After three months of treatment, we observed dramatic improvement of cardiac status. In P1, outflow tract obstruction decreased (RVOT, peak 70 mmHg to 42 mmHg; 
LVOT, peak/mean 71/23 to 37/15 mmHg), and progression of hypertrophy ceased. In P2, hypertrophy and pulmonary edema regressed, allowing extubation at 18 weeks of age. Side effects were limited to accentuation of physiological alopecia in P1 and a persistent acneiform eruption in P2, which was 
treated topically. 
In summary, trametinib proved to be an effective, well tolerated treatment for RIT1associated progressive CMP in two selected patients over a short time period. This preliminary experience raises important questions for the treatment of similar cases, in particular with respect to longterm effects, longterm 
side effects and dosing regimens. MEK inhibition may prove most effective during a fixed time window before the onset of irreversible cardiac remodeling in RASopathies, including those caused by genes other than RIT1. In addition, future studies will also need to address the effect of MEK inhibition on 
other organ systems. 
 

-  Trametinib use in 2 cases of RIT1 associated CMP halted disease 
progression over a 6+ month period in conjunction with high-dose 
propranolol therapy 

-  Low dose trametinib (0.02 – 0.034 mg/kg/day) was safe and effective, 
without causing major side effects 

-  Clinical, echocardiographic and humoral response were good 
-  No major side effects were seen with low-dose trametinib treatment 

Case report 1: RIT1 S35T mutation  

Conclusion Questions for future similar cases 

The mother was referred for cardiac valve dysplasia at 33 weeks of gestation with unremarkable family history. Fetal echocardiography revealed 
mitral valve dysplasia with accessory tissue and secondary sub-aortic stenosis, as well as tricuspid, pulmonary, and aortic valve dysplasia. Fetal 
ultrasound also showed mild hydramnios and an estimated fetal weight (EFW) at 2 660 gr (94th p. Hadlock). Amniocentesis was declined. Three 
weeks later, ultrasound showed hydramnios and macrosomia (EFW at 99th p), in addition, cardiomyopathy (HCM) and sub-pulmonary stenosis were 
identified. Because of macrosomia, delivery was induced at 37 weeks; the newborn girl weighed 4 200gr, with Apgar score at 8-9-9. Clinical 
examination showed macrosomia, hypertelorism, and low set ears. Cerebral and abdominal ultrasounds, and brain MRI were normal. There were 
no feeding difficulties. Neonatal echocardiography confirmed the prenatal cardiac findings. Propranolol was introduced at the dose of 1 mg/kg/day 
during the first 3 days, and rapidly increased to 5 mg/kg/day. Array-CGH was normal, and analysis of a panel of genes implicated in Noonan 
syndrome revealed a de novo c.104G>C; p.Ser35Thr (S35T) mutation in RIT1 gene. 
Follow-up was remarkable for a very rapid aggravation of the HCM, with an increase of the intracavitary gradient from 45-50 mmHg to 70-75 mmHg 
during the first 2 months, despite aggressive propranolol use (up to 9 mg/kg/day). After local clinical ethics approvoal and parental informed 
consent, we initiated treatment with the MEK inhibitor trametinib. 

Case report 2: RIT1 F82L mutation  
Familiy history was unremarkable, the mother was referred at 13 weeks of gestation for evaluation of increased nuchal translucency. Pregnancy 
was complicated by gestational diabetes and polyhydramnios starting at 24 weeks of gestation requiring repeat amnioreduction procedures. Cardiac 
anatomy was normal except for anomalous aortic origin of the right subclavian artery.  The girl was delivered at 36 weeks with a birth weight of 3050 
gr. and Apgar score of 3-7-8. Due to respiratory insufficiency the newborn required primary intubation and mechanical ventilation. Clinical 
examination showed hypertelorism, and low set ears. Cerebral and abdominal ultrasound were normal. Echocardiography at the age of 2 and 7 
days showed biventricular hypertrophy and mild pulmonary valvular stenosis. Genetic testing revealed a RIT1 F82L de novo mutation. The girl was 
extubated after 10 days but continued to require nasal CPAP. Propranolol was started at 2mg/kg/day and continuously increased during the 
following weeks up to 10mg/kg/day. Echocardiography showed increasing biventricular hypertrophy and subvalvular obstruction. Despite diuretic 
therapy chest X-rays revealed  progressive pulmonary congestion. Cardiac catheterisation at the age of 2 months revealed postcapillary pulmonary 
hypertension, balloon valvuloplasty of the pulmonary artery was unsuccessful. Clinical deterioration at the age of 3 months required resuscitation, 
mechanical ventilation and chest tubes for drainage of bilateral chylothoraces. 
After consultation of our  local  ethical committee and parental informed consent, we initiated treatment with the MEK inhibitor trametinib. Our 
patient recovered continuously with extubation at the age of 4 months and discharge from hospital at the age of 5 months. 

-  What is the optimal dose and time window for treatment? 
-  Is treatment effect sustainable long-term? 
-  Are other RASopathies also amenable to MEK inhibition? 
-  What are the side-effects of long-term MEK inhibition in infants and 

children? 
-  Are other manifestations of RASopathies amenable to MEK inhibition? 

RIGHT VENTRICULAR OUTFLOW TRACT 
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EVOLUTION OF LEFT VENTRICULAR PATHOLOGY 
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LEFT VENTRICLE 

At birth: short axis view, diastole At birth: short axis view, systole At  1 month: short axis view, systole 

At 3 months: apical 4 chamber view, systole At 3 months: short axis view, diastole At  3 months: short axis view, systole 

At 8 months: short axis view, diastole At 8 months: short axis view, systole At  9 months: apical 4 chamber view, systole 

At 3 months: subcostal view of RVOTO At 3 months: severe infundibular PS At  3 months: short axis view, systole 

At 9 months: RVOTO At 9 months: mild valvular PS At  9 months: apical 4 chamber view, systole 

At birth: subcostal view, systole Doppler Pattern of valvular PS Subcostal view, mitral accessory tissue 
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• 16-Year-Old with NS (SOS1)
-Leaking Lympathic Fluid in Gut and Lungs
-Dilated Lymphatic Vessels in Gut and Lungs

-Failed Medical and Interventional Approaches

• Trametinib
– Symptoms Resolved by 8 Weeks

– Remained Well on Treatment at 6 Months

NS  Lymphovascular Disease
TRAMETINIB  TREATMENT



• Does it really work?

• For whom does it work?
– Ages?

– Genes?

• Do what aspects of NS does it work?
• What are the side effects in patients with NS?

NS  MEKi Treatment
Questions



MEKi Treatment
NS ¹ CANCER



• Interest from Pharmaceutical Company
• Interact with the FDA
• Clinical Trial(s)

– HCM
– Lymphatic

• Build on Success and Insights
• Develop Additional Drugs

NS Treatment
PATH  FORWARD




