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Welcome and Introductions
Julie Raskin, Congenital Hyperinsulinism International (Conference Moderator)
Dr. Paula Casano, Hospital Sant Joan De Deu

The Historical Perspective: How Basic Scientific Understanding has Led to Improvements in
Hyperinsulinism Treatment

Joseph Bryan, PhD, Pacific Northwest Diabetes Research Institute

Charles Stanley, MD, Children’s Hospital of Philadelphia

The Genetics of Hyperinsulinism
Sian Ellard, PhD FRCPath, Head of Molecular Genetics, Royal Devon & Exeter NHS Foundation

Trust and Professor of Human Molecular Genetics, University of Exeter Medical School

Tools for Diagnosing Hyperinsulinism
Jean Baptiste-Arnoux, MD, Necker Hospital and Klaus Mohnike, MD, University of Magdeburg

Break

Current Hyperinsulinism Treatment
Diva Deleon, MDD, Children’s Hospital of Philadelphia, Khalid Hussain, MD, GOSH,

Patients and their Families Share Triumphs and Challenges
Moderated by Sheila Bose, Patient Advocate

Confirmed Speakers: Adrienne Burton, Jessica Burton, Connie Ward, Matthew Hammond

Topics: Feeding




Historical Perspective:
How Basic Science has Improved Treatment of Hl

Part 2. The Clinician’s Perspective

Charles A. Stanley, MD
Hyperinsulinism Center
Children’s Hospital of Philadelphia
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IDIOPATHIC SPONTANEOUSLY OCCURRING HYPOGLYCEMIA
IN INFANTS

Clinical Significance of Problem and Treatment

IRVINE McQUARRIE, M.D.
MINNEAPOLIS

N KEEPING with tradition concerning the choice of subject for a presidential
address, I originally prepared a semiphilosophical dissertation for this occasion.
Now, I must apologize to you for the sin of “deviation,” because I suddenly decided
only a few days ago to scrap that laboriously composed oration and substitute a
résumé of some observations that my associates and I have made during the past few
rears in dealing with the clinical problem of spontaneous hypoglycemia in infants.
My seemingly 1mpulsive decision to change to the latter title was
of my seeing the seventh young child, among a series of cases recently examined in
our clinic, who had suffered irreparable brain damage from severe hypoglycemia.
Three of these were children who were victims of the misuse of insulin in the treat-
ment of diabetes mellitus. The remaining four were examples of severe spontaneous
hypoglycemia in infants who were victims of delayed diagnosis and inadequate early
therapy.

SRLLE L [ el Lo o B L] - = - - -
hypaglycemia * is too well known and the precautions necessary for its avoidance
are too obvious to justify special consideration at this time. The situation is quite
different, however, in regard to the special group of infants with spontaneous hypo-
glycemia which I have felt compelled to discuss here today. There have been well-
documented cases of brain damage associated with spontaneous hypoglycemia.}

1954... First Cases of HI

Fig. 3—Photograph of J. G., aged 6 years, and B. G, aged 15 months. Taken two months
after beginning of corticotropin therapy., Pancreatic resection scars visible.




Congenital Hyperinsulinism

Most common form of

hypoglycemia in children

— >11in 20,000 births

— 1in 10 SGA babies
(Transient)

Glucose requirement up to

50 mg/kg/min (10x normal)

High risk of seizures &
brain damage

Pancreatectomy often
needed

Half of surgical cases have
a curable focal lesion

9+ genetic loci
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Congenital Hyperinsulinism: 10 Genes
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Phenotypes of Congenital Hyperinsulinism

gene genetics Sensitivity to stimuli / inhibitors
diazoxide | protein | leucine | calcium | exercise

KATP rec - + - + -
KATP dom - + -
GDH (HI-HA) dom + + + _ -
GCK dom _ _ - - -
SCHAD rec + + + -
MCT1 dom 2 - - -
HNF4a dom + r; f> )
UCP2 dom + ?
Peri-natal NA + ? - -
stress




Mutations in 705 Children with Congenital HI (1997-2014)
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Focal HI

Genetic cause — “two hit” mechanism:

1) Paternal mutation (present in all cells)

2) LOH of maternal allele on 11p (no KATP
genes and no growth regulatory genes)

Result: Uncontrolled islet cell proliferation
forming a focal lesion that continuously
releases insulin due to a knock out
paternal mutation in ABCC8 or KCNJ11




Parental Genotyping

Predicting Focal-HI

Focal-HI Diffuse-HI
Single recessive KATP mutation 144 9
No single recessive KATP mutation 4 95

A single heterozygous recessive mutation accurately predicts focal-HI:

Sensitivity: 97%
Specificity: 91%
When paternal inheritance is confirmed.:

Sensitivity: 97%
Specificity: 93%



F-DOPA PET images--Focal HI
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Post-Surgery Outcomes of CHOP Focal vs Diffuse Hi
(since 2008)

OUTCOMES OF FOCAL PATIENTS (55 CASES)

B Cued/NoMeds  OUTCOMES OF DIFFUSE PATIENTS (43 CASES)

. Not Cured

. Controlled

. Required Medical
Therapy for Hypoglycemia

. Required Insulin
Therapy for Diabetes

LOCATION OF FOCAL LESIONS

Tail 11 (20%)

~ Tail/Body 3 (5%)

~ Body 10 (18%)

Head 23 (42%)



HI Treatment Options 1985-now

Medical:
Diazoxide
Octreotide
Continuous tube feedings

Surgery
Diffuse: near-total pancreatectomy
Focal: cure by excision



Futuristic HI Treatments
Long-acting Octreotide (Paris, etc.)
GLP-1 antagonist (Philly)

Sirolimus (London)

....at least 3 other potential agents in the
pre-clinical pipeline (...that | know
about!)



New Guidelines to Aid in Diagnosing Congenital HI from the PES
(free on-line!!

COMMENTARY

PEDIATRIC!

Re-Evaluating “Transitional Neonatal Hypoglycemia™: Mechanism and
Implications for Management

Charies A. Stanley, MD', Paul J. Rozance, MD®, Paul 5. Thomnton, MB, ECh”, Diva D. De Leon, MD',
Deborah Harris, PhD’, Morey W. Haymond, MD®, Khalid Hussain, MD, MSc®, Lynne L. Levitsky, MD”,
Mohammad H. Murad, MD, MPH®, Rebecca A Simmans, MD”, Mark A. Sperling, MBBS',
David A. Weinstein, MD"", Neil H. White, MD'*, and Joseph |. Wolfsdorf, MB, BCh'™*

Committee of the Pediatric Endocrine Society was

focused on mean responses as  being most  likely

recently formed 1o develop guidel for eval
and management of ]wpog}a:mla in meonates, in-
famts, and children. To aid in f G

of normal newborns, recognizing the
pOSSIbIl!E} of heterogeneity, particularly with regard to

for neonates, in revi fable data on the
brief period of hypoglycemia, which commonly is observed
in normal newboms during the transition from fetal to extra-
uterine life, hereafter referred to as transitional neonatal hy-
poglycemia in normal newborns, The goal was to berer
understand the mechanism underlying this phenomenon in
order to formulate recommendations for recognizing neo-
nates requiring diagnosis and treatment during the first
days of life for disorders causing severe and persistent hypo-
ghycemia.

It has long been known that plasma glucose concentrations
are lower in the first 1-3 days of life in normal newborn in-
fants than at later ages. Not until the 1960s was it appreciated
that hypoglycemia in neonates could sometimes be symp-
tomatic and, as in older infants and children, cause seizures
or permanent brain damage.” Although studies in ]abom
tory animals have d d postnatal devel
fhangeq in specific enzymes involved in hepatic gluconeogen-
esis and ketogeneds,™ it is unclear that such chanpes
adequately explain transul.'lon.ll neonatal hypoglycemia in hu-
man newborns or if other mechanisms may be involved,™ A
Mational Institutes of Health conference outlined many of
the “gaps in knowledge™ about neonatal hypoglycemia and
lamented the lack of a rational basis for defining hypoglyce-
mia in neonates.

Faor this luation of itional neonatal hypogly
mia in normal newborns, we used the strategy routinely em-
plo}cd by pediatric endocrinologists for evaluation of

ypoglycemia in oldcr infants and children. This strategy,
'I: sed on an e ion of the major bolic fuel and
hormone responses to hypoglycemia, nmakes it possible to

L we

stresses and feeding practices, We found that
neonatal hypoglycemia most closely bl
known genetic forms of congenital hyperinsulinism, which
cawse a lowering of the plasma glucose threshold for
suppression of insulin secretion. This conclusion is based
on strong evidence supported by 2 or more independent
repoﬂs and provides a novel pcrspeulw on both the

s and of hypoglycemia in the first
scvcml days after birth.

Patterns of Pl Glucose C ations

in Normal Newborns during the First Days of

Life

Prior to hirth, fetal fuel metabolism is based primarily on
folucose, which issupplied from materns

ghucose whose levels are regulated by maternal insulin secre-
tion,” The fetal brain is exposed to circulating glucose con-
centrations only slighdy below those of maternal plasma;
with normal maternal glucose concentrations of 70-90 mg/
dL (3.9-50 mmol/L), the mean fetal-maternal plasma
glucose differenc i mmol/L)."
Fetal insulin secretion is responsive o fetal plasma glucose
concentrations, but fetal ghicose concentrations are deter-
mined primarily by matemal glucose concentration whereas
fetal insulin primarily functions to regulate growth. "’
Immediately following birth, in normal newborns, the
mean plasma glicose concentrations drop by 25-30 mg/dl

Froam B 'Dasinion of Bndocrisiogy, Chidrer's Hospa of Priadelohia.

http://www.ncbi.nlm.nih.gov/pubmed/25957977
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Recommendations from the Pediatric Endocrine Society for Evaluation
and Management of Persistent Hypoglycemia in Neonates, Infants,
and Children

Paul §. Thomton, MB, BCh', Charles A. Stanley, MD?, Diva D. De Leon, MD, MSCE®, Deborah Harris, PhO®,

Morey W. Haymond, MD", Khalid Hussain, MD, MPH, Lynne L. Levitsky, MD°

, Mohammad H. Murad, MD, MPH',

Paul J. Rozance, MD®, Rebecca A. Simmons, MO, Mark A. Sperling, MBBSW David A. Weinstein, MD, MMSc'",
Neil H. White, MD'?, and Joseph I Wolfsdorf, MB, BCh'®

transition from intrauterine to extrauterine life, their
plasma glecose (PG) concentrations are typically
lower than kater in life.” Published guidelines for screening
at-risk newborns and managing low PG concentrations in ne-
omates focus on the immediate neonatal period, but do not
address the diagnosis u\(l Il\Jﬂ)El ment urdn.unirn muunl_

D uring the first 24-48 hours of life, as normal neonates

1 b a6 Ty

help physicians recognize persistent hypoglycemia disorders,
guide their expeditious diagnosis and effective treatment, and
prevent brain damage in at-risk babies.

recurrent and p
between tra m-.nuuul ummul glucose regulation in normal
newborns and hypoglycemia that persists or occurs for the
first time beyond the first 3 days of life is importam for
prompt diagnosis and effective treatment to avoid serious
consequences, induding seizures and permanent brain
injury.

M , the evaluation and of pediatric
hypoglycemia differ in several respects from that in adults,
for whom guiddines were recently published.” First, persis-
tent hypoglycemia most often results from a congenital or ge-
metic defect in regulating secretion of insulin, deficiency of

cortisol andfor growth hormone, or defects in the meta-
bolism of gluicose, glycogen, and fatty acids, Second, it may
be difficult 1o identify and distinguish newborn infants
with a persistent prclg]}(cmm disorder from those with
wransitional low glucose levels in the initial 48 hours of life,
as detailed in the separate document on transitional neonatal
hypoglycemia prepared by our committee.” Third, the first
few months of life are the most vulnerable veriod for devel-

Methods

Evidence Retrieval and Rating

The ittee searched for existing evidence synthesis re-
ports, ic reviews, and met: lyses. The ¢ i

also evaluated guidelines published by the Endocrine Society,
American Academy of Pediatrics, Canadian Pediatric Society,

and others, and reviewed their hibliographies.*” Committee
members identified additional individual studies,

he mnmmm adopted the framework of the Grading of
R & A it, Devel, and Evalua-
tion (GRADE) Working Group, ' in wlmh guideline devel-

opers mate their confidence in the evidence as very low
(+000), low (++00), moderate (+++0), or high (++++).
Randomized triaks start as high, and observational studies
start as low, "'

Grading the Strength of Recommendations

The guideline developers considered the quality of the evi-
dence. They also considered the halance between benefits
and harms, patients’ values and preferences, cost and
resource utilization, and other socletal and contextual fac-

mrs. such as a\.nl.!blhlv of technology and health services

T

e e e AT d

http://www.ncbi.nlm.nih.gov/pubmed/25819173

e penod ot neonatal hypoglycemma. We
AGA Approprisbe tor gestational age
FFA Frow fatty acid
P Pastratal day 1
SGA Senal kv gestaticnsl age
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aety convened an expert panel of pediatnic endocrinologsts
and neonatologists to develop guidelines for managing hypo-
glycemia in neonates, infants, and children, but excluding
children with diabetes. The goals of these guidelines are 1w
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185 KATP Channel Mutations in ABCC8 & KCNJ11 Genes
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, : Number in Number in
Type of Mutation Mode of Inheritance ABCCS KCNJ11 Phenotype

Recessive 62 17 Diazoxide Unresponsive

Missense 12

_ Diazoxide Unresponsive*
Dominant

Nonsense Recessive 44 Diazoxide Unresponsive

0

19 5 Diazoxide Responsive
1
0

Recessive 24 Diazoxide Unresponsive

Splicing

Frame-shift Recessive 23 0 Diazoxide Unresponsive

Large Duplication Recessive 1 0 Diazoxide Unresponsive




N =705

CHI Children seen at
The Children’s Hospital of Philadelphia between 1997-2014

FOCAL HI
n =201 (49%)

Diazoxide
Unresponsive
n =434 (66%)

SURGICAL
n =407
(94%)

DIFFUSE HI
n = 186 (76%)

HIl Panel

N = 653 (93%)

“ATYPICAL”
n = 13 (3%)

NON-
SURGICAL
n =27 (6%)

Diazoxide
Responsive
n =219 (34%)

ITier 1 = ABCCS8, KCNJ11, GCK, GLUD1




Diffuse KATP HI

KATP HI mutations:
Recessive or Dominant Inheritance

TO delPhe1388 homozygous

OOLIOSHLIOON

‘ p.delSer1387 heterozygous

. |
OE?I

/]
H o




i 1-DomKATP(diffuse)

i zero mutatiions(mosaicKATPdom)

i 1-DomGCK(diffuse)



Number

w Nil

w KATP
-~ GLUD1
w HNF1A












http://hyperinsulinism.chop.edu/
mailto:hyperinsulin@email.chop.edu

Focal HI

Genetic cause - two hit mechanism:
1) Paternal mutation found in all tissues Piﬁ”’fz
2) LOH of maternal allele on 11p including
KATP genes and growth regulatory
genes
Result: Uncontrolled islet cell proliferation
forming a focal lesion which
constitutively secretes insulin due to a
knock out paternal mutation

KCNJ11
ABCCS8
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