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Acute Flaccid Myelitis - The Next Polio?

WRITTEN BY PARISA AYERS, PHARM.D. CANDIDATE 2020

Acute Flaccid Myelitis (AFM) is a rare but serious condition
that mainly affects young children. AFM and its symptoms
are thought to resemble polio and is often referred to as a
“polio-like” iliness.! This condition is characterized by a
rapid onset of flaccid weakness of one or more limbs.? The
patient’s case is further classified as a “confirmed” case if
an MRI detects the presence of gray matter lesions of the
spinal cord spanning = 1 spinal segment, or “probable” if
the patient has cerebrospinal fluid (CSF) pleocytosis (> 5
white blood cells/mm?).2 Other symptoms may include
facial drooping and/or weakness, difficulty moving the eyes,
drooping of the eyelids, and difficulty swallowing or slurred
speech.?

| veakne
http://www.kdheks.gov/epi/AFM.htm

The Center for Disease Control (CDC) estimates less than
one to two in a million children in the US are diagnosed
with AFM annually. Although this is a rare condition, there
has been arise in cases reported since 2014.3 As of January
4, 2019, the CDC confirmed 193 cases across 39 states
within the United States. These confirmed cases are among
a total of 349 reports of potential cases received by the
CDC. This staggering number vastly differs from the 35
confirmed cases of AFM across 16 states in 2017.2

The causes of AFM vary. It's known that certain viruses are
correlated with AFM. Some of those viruses include specific
enteroviruses like enterovirus subtypes A71 and D68,
poliovirus, and West Nile virus. Since 2014, 90% of patients
diagnosed with AFM had a respiratory illness or fever
consistent with a viral infection prior to developing AFM.?
This correlates with the fact that most cases had an onset
between August and October, peak time for viruses to
circulate in the environment.?

If a child experiences any of the symptoms associated with
AFM, the CDC urges parents and caregivers to seek medical
care immediately. Physicians will begin to take the steps to
collect data and images to help reach a diagnosis. This
includes assessing the patient’s nervous system via a
physical exam and an MRI to look for lesions in the gray

matter of the spinal cord. Physicians may also collect
samples of the patient’s CSF and stool, as well as conduct a
respiratory swab to test for enterovirus, rhinovirus, and
poliovirus. Since symptoms of AFM are similar to other
neurologic diseases such as transverse myelitis and Guillain-
Barre syndrome, testing helps distinguish between these
various disease states.’?

There is no specific treatment or cure for AFM. If diagnosed,
a neurologist may refer the patient to a physical or
occupational therapist who can recommend different
exercises to assist with limb weakness.3 As mentioned
previously, the specific cause of AFM is unknown so there is
no prophylactic treatment specifically for AFM. However,
since certain viruses are associated with the disease, it's
crucial to get appropriate vaccinations, such as the polio
vaccine, to protect yourself and others from developing
these viruses which can later progress to AFM. West Nile
Virus is also linked to AFM, so techniques to prevent
mosquito bites can be used to reduce the chances of
developing AFM. This includes the use of mosquito
repellant, wearing long shirts and pants to cover the skin,
and avoiding being outdoors at dusk and dawn. The best
way to prevent getting enterovirus is by washing hands
frequently with soap and water.?

Pharmacists play a vital role in educating families about the
importance of getting vaccinated and practicing good hand
hygiene. These two important actions can protect patients
from developing this rare condition that is becoming
increasingly prevalent. If at any point a patient or caregiver
reports the symptoms associated with AFM, such as rapid
onset of limb weakness, difficulty moving the eyes, or
drooping of the eyes or face, pharmacists should advise the
patient to seek medical care immediately.
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Neonatal Abstinence Syndrome:
Signs, Assessment, and Treatment

WRITTEN BY: YANCEY MURRAY, PHARM.D CANDIDATE 2021

Opioid use and abuse has increased to epidemic proportions in the United States over the past decade,
leading to an increase in prenatal exposure to narcotics. This exposure causes the development of neonatal
abstinence syndrome (NAS).? NAS refers to the signs and symptoms that are present in neonates developing
from the abrupt cessation of passive transfer of maternal opioids. Clinical presentation of NAS typically
occurs within 48 to 72 hours after birth. Symptoms are variable but commonly include tremors, hyperactive
moro reflex. high pitched and excessive crying, seizures. diarrhea, vomiting. uncoordinated suckling and
swallowing, fever, sweating, and increased respiratory rates! In 2012, incidence of NAS increased to more
than 30 per 1,000 hospital live births.?
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Figure 1: http://www.ncpoep.org/guidance-document/neonatal-

abstinence-syndrome-overview/neonatal-abstinence-syndrome-nas/

Unfortunately, there is little agreement
among researchers and healthcare
professionals on the best tools used to
assess infants with NAS. However, the
Finnegan Neonatal Abstinence Score
(FNAS) is the most commonly used
scale to screen infants at risk for NAS.
FNAS was developed in 1975 and has
undergone multiple modifications
since. This standardized scoring,
shown in Figure 1, allows clinicians to
make an assessment, identify and
document the infant’s withdrawal
symptoms, and inifiate appropriate
pharmacological therapy if needed.
FNAS consists of 21 behaviors that are
most frequently seen in opiate exposed
infants. 2 The initial abstinence score
should be recorded within the first two
hours after birth. Then, an NAS score
should be recorded every 3-4 hours
afterwards. It is recommended fo
continue scoring for a minimum of 72
hours up to 120 hours.
Pharmacological treatment should be
considered once consecutive abnormal
scores are documented. ! An abnormal
score is defined as three continuous
scores =8 or two continuous scores
>12.3 Figure 2 shows a standard
hospital treatment algorithm for
neonates with NAS. Management of
NAS includes both non-
pharmacological and pharmacological
interventions. Non-pharmacological
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methods recommended include decreasing environmental stimuli by gentle wakening, lowering lighting, and
safe swaddling. ! Mothers fitting certain criteria should be encouraged to breastfeed; breastfeeding decreases
the severity of withdrawal symptoms and the need for pharmacological treatment. Mothers who are HIV
negative and are on a supervised maintenance program that are compliant to their methadone or
buprenorphine therapy and are not using street drugs meet this criteria and should be encouraged to
breastfeed. Advantages of breastfeeding a neonate with NAS also include optimal nutrition support and
encouragement of mother-infant attachment. Pharmacological therapy for the treatment of NAS is used, but
studies of its efficacy are limited. The American Academy of Pediatrics recommends matching drug selection
to the type of agent causing the withdrawal. Morphine and methadone are the most prevalent first line agents
used to treat NAS: however, there is no evidence supporting which medication is more efficacious. ! In
addition, clonidine, phenobarbital, and buprenorphine can be used alone or as adjunctive therapy to morphine
or methadone. * Refer to Figure 3 for dosing information.

Start Finnegan scoring within 24 hours of birth
Monitor score every 3-4 hours

? e scores 512 | Is the mother on opioids? I

— or 3 consecutive scores > 8

' II' Start phenobarbital:16 mg/kg Start "'“’:""‘“‘-M::ﬂ“’
| Yes | Maintenance dose:Smg/kg/day o
3 7 by 10% or 0.05mg
in two divided doses
W Change the dose every 24-48 h &L MG R
Rescue dose: if scores are > 12 for 2
Increase/decrease the dose by 10% or 1 ot
Continue to monitor scores at mg ﬁmﬁﬁu r
every 3-4 hour intervals. Monitor p!lennbll:ltalbrel ) Pd:ml = barbi ,m:: .
When scores consistently <8, Add other medications ,if levels are high S Ll
ohbserve for 3-5 days more I |
\
| Arethe suves Increasing | For scores consistently >12:increase the dose
For scores between 9 and 11: no change in the dose
For scores consistently <B: decrease the dose

|:III
Discharge Plan
Pediatrician follow up in 2 days hen the infant is off morphine for 2 days,

Home visiting referral 3
Amticipatory guidanca hen ;d:urjes Eﬂﬂ..il stently, 8 h f?r 2 days, andl
hen the infant is deared medically and socially

Figure 2: http://www.ncpoep.org/guidance-document/neonatal-abstinence-syndrome-overview/neonatal-abstinence-syndrome-nas/
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Medications to treat neonatal abstinence syndrome

Medication Mechanism of action

Morphine Natural m-receptor agonist

Methadone Synthetic complete m-receptor
agonist; N-methyl-D-aspartate
raceptor antagonist

Phenobarbital Gamma aminobutyric acid (GABA)
receptor agonist

Clonidine Alpha-2 adrenergic receptor agonist

Buprenorphine Semi-synthetic partial m-receptor

agonist, k-receptor antagonist

Dose

ifscoreis z8aon 3 (orz 12 on 2) consecutive evaluations, start
at 0.32 mg/kg/day, divided every 4 h-5 h, orally.

If score persists 2 8 on 3 (or 2 12 on 2) consecutive evaluations,
increase by 0.16 mg/kg /day every 4 h-6 h, to a maximum of 1.0
mg/kg/day.

Most tapering protocols decrease dose by 10% of the total daily
dose, every 48 h-72 h, depending on NAS scores.
http://pemch.on.ca/ClinicalPracticeGuidelines/
NeonatalAbstinanceSyndrome.aspx

0.05-0.1 mg /kg/dose every 6 h-12 h, orally
Increase by 0.05 mg/kg every 48 h
Maximum dose 1 mg/kg/day

May be usad in addition to morphine, especially in poly-
substance abuse cases,

Loading dose: 10 mg kg, orally, every 12 h for three doses
Maintenance dose: 5 mg, kg day, orally.

Wean by 10% to 20% every day or every two days when
symptoms are controlled.

Alternative therapeutic option in combination with morphine.
Especially effective when autonomic symptoms of NAS are
present.

Start at 0.5 meg/kg, divided every 4 h-6 h, orally.

Wean by 25% of the total daily dose every other day (Q4h to
(6h x 48h, to Qah x 48, to QL2h x 48h to HS, then d/c|

4-5 meg/kg/dose every 8 h; sublingual route
Maximum dose 60 mcg/kg/day

Figure 3: http://doi.org/10.3389/fped.2018.00033

Comments

Most commonly used as first-line treatment in Canada

Does not contain alcohol

Short half-life (9 h)

When NAS scores are stable [< 8) for 48 h-72 h, consider weaning.

Long hali-life (26 h)

Used in many countries as a first-line treatment (instead of morphine) when
motheris on methadone. Available in Canada but requires spacial dispensing
Jprescriptive authority

Contains &% alcohol

Long hali-life (45 h-100 h)
Requires blood level manitoring
May make Gl symptoms warse
Sedative effect

Contains 15% alcohol

Alcohol-free preparation available

Long half-life (44 h-72 h|

Abrupt discontinuation may cause rapid rise in blood pressure (BP) and heart rate
(HR). Gradual weaning is therefore recommanded.

Halfife {24 h-50 h)

Sublingual administration of a dilution of buprenarphine solution in ethanol and
sUcrose

Contains 30% alcohol

All infants who are at risk for developing NAS should be evaulated using a valid scoring instrument such as
the FNAS. Non-pharmacological treatments including, encouraging breastfeeding, mother to infant contact,
decreasing aggravating enviromental factors and pharmacologic measures when indicated are essential to
NAS therapy.® With increased understanding of NAS, future work creating and modifying NAS assessment
and treatment will lead to a comprehensive standardized management of this syndrome that is plaguing the

nation.
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Burosumab Therapy for X-linked Hypophosphatemia

WRITTEN BY NOUR BURJAK, PHARM D. CANDIDATE 2022

In the United States, approximately 25 to 30 million
people are affected by one of 7,000 rare diseases.
Patients with rare diseases often have limited to no
treatment options. Fortunately, the Office of Orphan
Products Development (OOPD) encourages drug
companies to develop treatments for these rare diseases
through incentives.! X-linked hypophosphatemia (XLH) is
one of these rare diseases and in April of 2018, the FDA
approved a monoclonal antibody therapy, burosumab, to
treat and alleviate symptoms of XLH.

XLH is a genetic disorder that affects 1 in 20,000 live
births. This disorder is due to mutations in the PHEX
gene on the X chromosome. It presents as an increase
production of fibroblast growth factor 23 (FGF-23).2 FGF-
23’s main role is to regulate reabsorption of phosphate
in the kidneys. However, an overproduction in FGF-23
results in an increased excretion of phosphate through
the kidneys and low levels of plasma phosphate.
Consequently, this causes skeletal deformities,
osteomalacia, and causes bones to soften and weaken,
as seen in patients with rickets. The severity of XLH
varies from patient to patient. Symptoms are presented
similarly among various age groups. For most cases,
symptoms first appear within the first 18 months of age.
Children may experience abnormal bone development,
bone pain, joint pain, a waddling gait, tooth abscesses,
and dental pain.®*

X-linked hypophosphatemia is described as an
inheritable, incomplete healing form of rickets which is
treated differently. Patients diagnosed with rickets are
typically treated with high doses of Vitamin D; whereas
patients with XLH are often prescribed a combination of
calcitriol and phosphate supplements to alleviate
symptoms. Children with XLH begin this therapy at the
time XLH is first diagnosed and continue until their bone
growth stops. Additionally, growth hormones can be
given to improve growth in children with XLH. Adults
with XLH remain on calcitriol and phosphate
supplements throughout their life to help relieve pain.
Other treatment options include corrective surgery to fix
bowed or bent legs, skull abnormalities, and dental

procedures to treat pain in the teeth and gums.*

An open-label, phase two study conducted by Dr.
Carpenter and his team evaluated the efficacy and safety
of burosumabh therapy in children. Burosumab is a
recombinant human 1gG1 monoclonal antibody therapy
that targets and inhibits FGF-23. The team hoped that by
inhibiting FGF-23 renal tubular reabsorption of
phosphate would increase thereby improving phosphate
metabolism. In the study, 52 children between the ages
of 5 to 12 years with XLH and active rickets were
randomized to receive subcutaneous doses of
burosumab every 2 weeks or every 4 weeks. The doses
were titrated to achieve low-normal serum phosphorous
levels. After 40 to 64 weeks, follow-up measures were
assessed.?

To measure the efficacy of burosumab, the
improvements of rickets in XLH patients were measured
and analyzed by the Thacher Rickets Severity Score (RSS).
At baseline, XLH patients exhibited deformities such as
rickets, bowed legs, and a short stature. By week 40 of
treatment with burosumab, the severity of rickets
decreased significantly. The mean radiographic Thacher
Rickets Severity Total Score decreased from a baseline of
1.9 to 0.8 with 2-week dosing and decreased from a
baseline of 1.7 to 1.1 with 4-week dosing. Additionally,
the improvements persisted after week 64 (Figure 1).3

B Baseline [ Weeks0 [ Week 54
A Thachar Ricksts Savarity Totsl Score
Patiants with Basslin Thacher Rickets Severty
: Al Patieens 304 Total Score of 21,5
254 8
24 204
[
B L4 l 154
104 _ 104
ol ’-Ll ol
[T LT
Every 2 Wk Every 4 Wk All Every 2We Every 4 Wk Al
(N=28) [M=26) N=52) [N=17) (N=17) [M=34)
B Radiagraghic Glabs! Impressien of Change Sesr
wationts with Basoline Thachor Rickets Soverity
o All Patients 20 Total Scare of =1.5
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o PR QE—
E s 154
#
14 104
s [
T D 04 |
Every 2 Wk Every 4 Wk All Evory 2'We Every 4 Wk Al
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€ Radiographs of the Knee in an 11-Year-Old Gir
Distal Famur .
P
Mrtaphyseal Lucency "
Provimal Tibia
Basalicse Wi a0 Wi 64
Thacher Rickots Severity Knoe Score 10 10 0
tall | iem ef Chang Seam 20 21

Figure 1. Effects of Burosumab on Rickets Scores.
https://www.nejm.org/doi/full/10.1056/NEJMoal714641
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Serum phosphate levels and renal tubular phosphate
reabsorption were also analyzed and measured. After
the first dose of burosumab, patients showed an
increase in mean serum phosphate levels from baseline
in both groups. Over half of the patients attained normal
levels of serum phosphate by week 6 (3.2 to 6.1 mg per
deciliter). At week 40, there was an overall increase in
mean serum phosphate levels by 0.75 mg per deciliter (a
34% increase). At week 64, there was an overall increase
in mean serum phosphate levels of 0.84 mg per deciliter
(a 38% increase). The 2-week dosing maintained stable
serum phosphorous levels through week 64 while the 4-
week dosing showed frequent changes (Figure 2A).3
Renal tubular phosphate reabsorption increased in both
groups. At week 40, there was a total mean increase of
0.98 mg per deciliter (a 51% increase, Figure 2B). At
week 64, there was a total mean increase of 1.01 mg per
deciliter (a 51% increase, Figure 2B).
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Figure 2. Effects of Burosumab on Pharmacodynamic Variables.
https://www.nejm.org/doi/full/10.1056/NEJMoal714641

Patients as young as 1 year of age can be prescribed this
medication. The therapy is available as an injectable
solution in three different strengths: 10 mg/ml, 20
mg/ml, and 30 mg/ml. For pediatric and adult patients,
dosing is based on body weight. For pediatric patients (1-
18 years of age), it is recommended to start the regimen
at 0.8 mg/kg and administered every 2 weeks. For adult
patients (>18 years of age), it is recommended to start
the regimen at 1 mg/kg and administered every 4 weeks
(Table 1).5

Table 1. Pediatric Dose Schedule
for Stepwise Dose Increase

Body Weight (kg) g?;ipgg) ::r:;srtesso: ?o (ma) ﬁ\ecice’z:ent?:s(emg)
10-14 10 15 20
15-18 10 20 30
19-31 20 30 40
32-43 30 40 60
44-56 40 60 80
57-68 50 0 90
69-80 a0 90 90
81-93 70 90 90
94-105 80 50 90
106 and greater a0 =] a0

Table 1. Pediatric Dose Schedule for Stepwise Dose Increase.
https://www.crysvita.com/hcp/dosing-and-administration/

In August 2018, the FDA approved burosumab (Crysvita)
for treatment in XLH patients. Burosumab is the first
treatment that directly targets FGF-23, the cause of XLH.®
Prior to burosumab’s approval, pediatric and adult
patients have been managing symptoms of XLH through
multiple daily doses of oral phosphate replacement and
Vitamin D therapy. Carpenter’s phase Il study on
burosumab showed improved physical growth, reduced
pain, and decreased severity of rickets. Burosumab also
improved phosphate homeostasis and overall quality of
life in XLH patients. With the data conducted by Dr.
Carpenter’s team, along with the recent FDA approval,
burosumab is poised to become a vital addition to the
treatment and alleviation of symptoms in pediatric and
adult patients with XLH.
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Early Management of X-linked Alport Syndrome

WRITTEN BY: LAUREN ELLARD PHARM.D. CANDIDATE 2021

Alport Syndrome (AS) is a rare, hereditary condition that is
concomitant with renal, ocular, and cochlear symptoms.
Individuals may inherit AS through X-linked, autosomal recessive,
or autosomal dominant inheritance.l With X-linked AS comprising
85% of reported cases, it is critical to understand how X-linked AS
is appropriately managed and monitored at early ages, in hopes to
delay onset of end-stage renal disease (ESRD) and renal
replacement therapy (RRT).

AS is characterized with persistent glomerular hematuria,
retinopathy, hearing loss, and renal failure, by varying mutations
in the COL4AS gene or two mutations on different chromosomes
in COL4A3 and COL4A4. The progression of chronic renal disease in
all males affected with X-linked AS begins with microhematuria,
proteinuria, renal insufficiency, and eventually advances to ESRD.
Sensorineural hearing loss is usually present by late childhood.
However, in some cases it is not evident until early adolescence.
Females that inherit X-linked AS will present differently than
affected males. Affected females will have asymptomatic
hematuria and a 50% chance to pass the genetic mutation to any
of her offspring. Males with X-linked AS will pass the mutation on
to all of their daughters, but none of their sons.

Since AS has symptoms similar to other renal diseases, like thin
basement membrane nephropathy (TBMN), it must be clinically
distinguished between conditions presenting with persistent
glomerular hematuria. AS is highly likely if the patient has
retinopathy or lenticonus. Unlike TBMN, which presents with
glomerular basement membrane thinning, AS develops with
glomerular basement membrane lamellation.2

It is imperative to diagnose AS early, to delay and manage the
advancement of ESRD in male X-linked AS individuals, especially
for mutations with early onset of symptoms which necessitate
much more aggressive treatment. Diagnosis of AS begins with
ophthalmic, audiologic and renal evaluations. A renal biopsy
through electron microscopy and a familial medical history report
are needed for analysis of X-linked AS. In X-linked AS, the
nonsense and frameshift mutations that occur lead to a 50%
chance of reaching ESRD before the age of 20. If the AS patient
has a large frameshift, nonsense, or splice site variation of
COL4AS, they are at a 50% risk of deafness by the age of 10 years
old. However, if the AS patient has a missense mutation of
COL4AS5, then they have a 50% chance of deafness by the age of
20.1Studies have also shown that podocyte loss around the
glomerulus leads to ESRD in AS patients by an average age of 22
years.

Currently, there are no specific treatments for X-linked AS. All

male individuals will eventually acquire ESRD. However, there are
treatment actions for the hypertension and proteinuria that occur
with the disease in order to decelerate the advancement of ESRD.

By reducing one’s blood pressure, less stress is placed on the
glomerulus. If ESRD does occur, patients are treated with dialysis
and renal transplantation.3 Treatment started early with an ACE
inhibitor may help delay the onset of ESRD, which occurs in
approximately 50% of patients before the age of 20. ACE
inhibitors have been shown to reduce proteinuria in X-linked AS
patients which may help postpone renal failure.

In Europe, a study was initiated on several generational families
with AS categorized by renal function and the introduction of
treatment. A total of 283 patients were followed for over 20 years
to evaluate the effect of ACE inhibitor treatment in delaying the
progression of ESRD in comparison to a control group with no
treatment. Though others may be chosen, the most commonly
used ACE-inhibitors in the study consisted of Ramipril and
Enalapril. In untreated patients, the median age of ESRD was 22
years old. However, patients treated by the age of 13 with an ACE
inhibitor and a mean duration of 5.8 years showed a delay in the
age of ESRD by a range of 18-40 years. This range was compared
to the age of 22 years for those untreated (P<0.001). This study
also demonstrated that children treated by the age of 8 years with
a total therapy duration of 4 years have yet to even reach CKD
stage 3 or greater (P<0.001). To determine that this study was
conducted in a nonbiased design, the same study methods were
performed on 15 different groups of siblings that presented with
identical mutations and environments. The study showed that
diagnoses in older siblings allowed for early detection and
treatment in their younger siblings, permitting for the delay in RRT
up to 40 years of age (P<0.001). Although ACE inhibitors are not
specified for treatment of X-linked AS, these study findings help
encourage early treatment and the need for a timely diagnosis at a

young age.*
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Figure 2| Age at onset of renal replacement therapy in
different treatment modalities. Untreated patients (red curve)
are relatives to the treated patients (yellow, green, and blue
curves) and have the same genotype. Angiotensin-converting
enzyme (ACE) inhibition delays renal failure in a time-dependent
manner. Tick marks indicate censoring data. Kaplan-Meier
estimate.
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In children diagnosed with X-linked AS, routine treatment for
hypertension, sensorineural hearing loss, and cataract removal
should be implemented. The children should minimize exposure
to loud noises and continue audiologic evaluations yearly,
beginning at the age of 6.1 Affected children’s hearing will
continue to decline into adulthood but can be improved through
the use of hearing aids.2 The response to pharmacologic
treatments will vary with all X-linked AS patients, but it is
important to begin therapy early before the onset of
microalbuminuria. Though clinical management may help reduce
symptoms and delay onset, no treatment is likely to be completely
effective.3

Concerns with regards to testing for AS at an early age for patients
with a family history of it are far outweighed by the potential to
delay ESRD. Affected female individuals should consider
reproductive options, such as prenatal and preimplantation
genetic diagnosis prior to any pregnancy. Because ACE inhibitors
reduce proteinuria in children with X-linked AS, treatment before
the onset of proteinuria, in children below the age of 13, with the
genetic alterations of COL4AS5 or COL4A3 and COL4A4 and with a
family history of the disease may suspend the onset of ESRD2.
Preventing ESRD from occurring in youth will enhance life
expectancy in persons with X-linked ESRD.
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