CONTINUING OPTIMIZING OUTCOMES IN SMA WITH NOVEL
EDUCATION: DISEASE-MODIFYING THERAPIES

TARGETED THERAPIES FOR X-LINKED HYPOPHOSPHATEMIA AND
TUMOR-INDUCED OSTEOMALACIA

ADVANCEMENTS IN HEPATORENAL SYNDROME ACUTE
KIDNEY INJURY (HRS AKI) TREATMENT APPROACHES

PT

DIRECTIONS IN

HEALTH-SYSTEM

PHARMACY™
M AY 2 0 2 1 VO L . 1 0 N O. 3

COVER FEATURE

Pain Management in the ICU Is Complex

Finding the Right Medication or Drug Combination
for Individual Patients Is Critical
C H R I S T O P H E R M A Y; H A W O N J U N G ; D I A N A R O S K O V A ; A N D D E E PA L I D I X I T,
P H A R M D , B C P S , B C C C P, F C C M

CLINICAL FOCUS

Lifestyle Modifications Support Brain Health
JOANNA LEWIS, PHARMD, MBA

SAFE HANDLING OF HAZARDOUS DRUGS

Detect Adverse Events and Medication Errors
Using Technology
KENNETH MAXIK, MBA, MBB, FACHE; CRAIG KIMBLE, PHARMD, MBA, MS, BCACP;
A N D A L B E R T O C O U S TA S S E - H E N C K E , M D , D R P H , M B A , M P H

ONCOLOGY FOCUS

Immunotherapy Revolutionizes Treatment
of ES-SCLC
B RYA N F I T ZG E R A L D, P H A R M D, B C O P

INFECTIOUS DISEASE

Long-Acting HIV Regimen May Prove Revolutionary
C O U R T N E Y M O C , P H A R M D , M S ; A N D M E L I S S A B A D O W S K I , P H A R M D , M P H , F C C P,
B C I D P, B C P S , A A H I V P

503B COMPOUNDING PHARMACIES

How Does 503B Compliance Benefit the Public?
MIKE WASCOVICH, PHARMD, MBA, RPH

pharmacytimes.com

C O N T E NT

®

DIRECTIONS IN

HEALTH-SYSTEM

PHARMACY™
MAY 2021

VOLUME 10 NUMBER 3

ALSO IN THIS ISSUE

2

FROM THE CHAIRMAN

Getting Great Feedback From
Our Advisory Board
MIKE HENNESSY SR, CHAIRMAN & FOUNDER

4

FROM THE EDITOR

Pandemic Has
Unanticipated Consequences

CURTIS E. HAAS, PHARMD, FCCP,
DIRECTIONS IN HEALTH-SYSTEM PHARMACY™
EDITOR IN CHIEF

14

C OV E R F E AT U R E

6

ADVISORY BOARD

Pain Management in the ICU Is Complex

8

NEWS & TRENDS

C H R I S TO P H E R M AY; H AW O N J U N G ; D I A N A R O S KO VA ; A N D
D E E P A L I D I X I T, P H A R M D , B C P S , B C C C P, F C C M

10

PRACTICE PEARLS

INFECTIOUS DISEASE

CLINICAL FOCUS
C O N T I N U I N G E D U C AT I O N

32

49

67

Optimizing Clinical Outcomes
in Spinal Muscular Atrophy
With the Use of Novel
Disease-Modifying Therapies:
A Review for Pharmacists
The Promising Role of
Targeted Therapies for
the Treatment of X-Linked
Hypophosphatemia and
Tumor-Induced Osteomalacia:
Key Considerations for
Pharmacists
A Review of Advancements
in Hepatorenal Syndrome
Acute Kidney Injury (HRS AKI)
Treatment Approaches to
Improve Patient Outcomes

18

Lifestyle Modifications
Support Brain Health

24

COURTNEY MOC, PHARMD,
MS; AND MELISSA BADOWSKI,
P H A R M D , M P H , F C C P, B C I D P,
BCPS, AAHIVP

JOANNA LEWIS, PHARMD, MBA

SAFE HANDLING OF
HAZARDOUS DRUGS

20

Detect Adverse Events
and Medication Errors
Using Technology
KENNETH MAXIK, MBA, MBB;
CRAIG KIMBLE, PHARMD, MBA,
MS, BCACP; AND ALBERTO
C O U S TA S S E - H E N C K E , M D ,
DRPH, MBA, MPH

Long-Acting HIV Regimen
May Prove Revolutionary

503B COMPOUNDING
P H A R M AC I E S

26

How Does 503B
Compliance Benefit
the Public?

M I K E WAS C OV I C H , P H A R M D,
MBA, RPH

O N C O LO G Y F O C U S

22

Immunotherapy
Revolutionizes Treatment
of ES-SCLC

B R YA N F I T Z G E R A L D, P H A R M D,
BCOP

Opinions expressed by authors, contributors, and advertisers are their own and not necessarily those of Pharmacy & Healthcare Communications, LLC, the editorial staff, or any member of the editorial advisory
board. Pharmacy & Healthcare Communications, LLC, is not responsible for accuracy of dosages given in articles printed herein. The appearance of advertisements in this journal is not a warranty, endorsement,
or approval of the products or services advertised or of their effectiveness, quality, or safety. Pharmacy & Healthcare Communications, LLC, disclaims responsibility for any injury to persons or property resulting
from any ideas or products referred to in the articles or advertisements.
Directions in Health-System Pharmacy™ is published by Pharmacy & Healthcare Communications, LLC, 2 Clarke Drive, Suite 100, Cranbury, NJ 08512. All rights reserved.
Editorial and advertising offices are at 2 Clarke Drive, Suite 100, Cranbury, NJ 08512. Phone: 609-716-7777. Fax: 609-257-0701. Contents may not be reproduced without permission of the publisher.
D I R ECT I O N S I N HEA LT H-SYS T EM P HA RM A CY™
M AY 2 0 2 1

1

From the Chairman

P UBLISH I NG STAF F
Editor-in-Chief Curtis E. Haas, PharmD, FCCP
E D I T OR I A L & P R ODUCT ION
Executive Editorial Director Colleen Hall
Associate Editorial Director Davy James
Managing Editor Caitlin Mollison
Managing Editor Kristen Crossley
Editor Alana Hippensteele
Associate Editor Aislinn Antrim
Associate Editor Jill Murphy
Assistant Editor Skylar Kenney
Copy Chief Jennifer Potash
Copy Supervisor Rachelle Laliberte.
Paul Silverman
Medical & Scientific Quality Review Editor
Stacey Abels, PhD
Senior Copy Editor Kelly King
Copy Editors Cheney Baltz, Georgina Carson,
Rebekah Harrison, Kirsty Mackay, Ron Panarotti
Creative Director, Publishing Melissa Feinen
Senior Art Director Marie Maresco
P H A R M ACY TIME S C ON T IN UIN G
E D U CAT I ON ™
President Jim Palatine, RPh, MBA
Executive Vice President, Pharmacy Advocacy
Ed Cohen, PharmD, FAPhA
Vice President, Scientific Affairs
Maryjo Dixon, RPh, MBA
P U BL I SH I N G
Vice President Gil Hernandez
Sales & Marketing Coordinator Marissa Silvestri
A D V E R T I SI N G R E P R E S E N T AT IVES
Anthony Costella; acostella@pharmacytimes.com
Colin Fishbein; cfishbein@pharmacytimes.com
Matt Miniconzi; mminiconzi@pharmacytimes.com
Kelly Walsh; kwalsh@pharmacytimes.com
Main Number: 609-716-7777
OP E R A T I ON S & F IN A NCE
Circulation Director
Jon Severn; circulation@mjhassoc.com
Vice President, Finance Leah Babitz, CPA
Controller Katherine Wyckoff
C OR P OR A TE
Chairman & Founder Mike Hennessy Sr
Vice Chairman Jack Lepping
President & CEO Mike Hennessy Jr
Chief Financial Officer Neil Glasser, CPA/CFE
Chief Marketing Officer Michael Baer
Executive Vice President, Global Medical
Affairs & Corporate Development
Joe Petroziello
Senior Vice President, Content Silas Inman
Senior Vice President, Operations Michael Ball
Senior Vice President, I.T. & Enterprise
Systems John Moricone

Connect With
Directions in HealthSystem Pharmacy ™

Getting Great Feedback From Our
Advisory Board

P

HARMACY TIMES ® DIRECTIONS IN HEALTH-SYSTEM PHARMACY ™ hosts an
annual meeting with our advisory board members to pick their brains
and get a temperature check on whether the print publication, website,
video offerings, podcasts, and email offerings are meeting the needs of
pharmacy professionals.
These meetings are typically conducted in person and held concurrently
with the American Society of Health-System Pharmacists Midyear Clinical
Meeting and Exhibition. This year, because of COVID-19, the editorial
team met with our esteemed advisory board members virtually. Although the
format was different, the feedback was no less valuable than it has been in
other years.
Some areas of focus that the board members discussed produced much
food for thought for Pharmacy Times ® Directions in Health-System
Pharmacy™ and how it can continue to stay ahead of the curve with news,
analyses, and cutting-edge video and podcast content, especially post
pandemic. Topics included the challenges faced by pharmacists in rural
areas; the future of telehealth; the impact of delayed screenings; increases
in addiction, alcoholism, and smoking, as well as other mental health issues;
long-term patient health consequences resulting from COVID-19; and
technician shortages.
In his Editor’s Note, Curtis E. Haas, PharmD, FCCP, discusses the strain
the pandemic has put on the health care system. He points out that a shift
has occurred and that pharmacists, as well as other health care professionals,
must be prepared for what this means for them and their patients down
the road.
Elsewhere in this issue, Deepali Dixit, PharmD, BCCCP, BCPS, FCCM,
and some of her PharmD program students at Ernest Mario School of
Pharmacy at Rutgers, The State University of New Jersey in Piscataway, look
at adequate pain assessment and management in the intensive care unit—a
complex process. They discuss how it is further complicated by patients’
unstable health statuses, which make them unable to communicate their
pain accurately.
Other coverage this month addresses brain health; the recent approval
of Cabenuva (cabotegravir and rilpivirine), the first long-acting injectable
for the treatment of HIV; treatments for small cell lung cancer; and news
from the Hematology/Oncology Pharmacy Association 2021 Virtual
Annual Conference.
We hope you find the content helpful.
Thanks for reading!

Vice President, Human Resources and
Administration Shari Lundenberg
Vice President, Mergers & Acquisitions
Chris Hennessy
Executive Creative Director Jeff Brown

For more information, visit:
pharmacytimes.com.
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Equip yourselves with
real-world knowledge to navigate
the COVID-19 climate.

COVID-19 Vaccination Curriculum:
An Accredited Certificate Program for Pharmacists and
Pharmacy Technicians to Apply CDC’s Provider Training Recommendations

Ten 1-Hour On-Demand Webinar Modules (1.0 Credit per Webinar)
1.

The Evolution of COVID-19: Where Are We Today?

2. Effectively Implementing COVID-19 Testing and Screening
3. COVID-19 Vaccine Approval Timeline and Emergency Use Authorizations
(Law Related to Pharmacy Practice credit)

4. Safety and Efficacy of COVID-19 Vaccines: Understanding the Clinical Trials
(Immunizations Credit)

5. Bloodborne Pathogens and Essentials of COVID-19 Vaccine Storage and Administration
(Immunizations Credit)

6. Advancements in COVID-19 Treatment Options
7. Coping With COVID-19: Examining the Psychology of Vaccine Hesitancy and Barriers
to Achieving Herd Immunity
8. COVID-19 and Vaccine Literacy: Practical Communication to Empower the Patient
9. COVID-19 Vaccine Update: Implementation and Best Practices
10. COVID-19 Post-Vaccination Considerations and Requirements
(Immunizations Credit)

Updated information from the CDC’s COVID-19 Vaccination Program
Interim Playbook and ACIP vaccination provider training.

Visit www.pharmacytimes.org/advance
to learn more about the curriculum.

From the Editor
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For the latest hospital pharmacy
news, visit pharmacytimes.com.

Pandemic Has Unanticipated Consequences

High Demands on the Health Care System From COVID-19 May Mean a
Permanent Shift in the Landscape
B Y C U R T I S E . H A A S , P H A R M D , F C C P , D I R E C T I O N S I N H E A LT H - S Y S T E M P H A R M A C Y ™ E D I T O R I N C H I E F

T

HE COVID-19 PANDEMIC has

placed incredible and truly
unprecedented stress on the
domestic health care system. The need to
shift the focus of our limited resources
and the demand that that course
correction has placed on our health care
colleagues and staff members have been
a part of our daily lives for more than a
year. Unfortunately, the need to manage
the complications and consequences
of this devastating viral pandemic
has diverted much attention from the
many health care needs of communities
and patients in ways that are having
unanticipated consequences. Although
we are cautiously optimistic that the
highly effective vaccines we are busily
getting into arms are going to bring a
return to normalcy, the likelihood is
that some aspects of the health care
landscape have shifted, and much work
will be needed to address these shifts. In
addition, the stress of social distancing,
unemployment, and other consequences
of COVID-19 are amplifying some of the
health care needs of communities as we
emerge from this pandemic.

The health care community and the
media have been sounding the alarm
about the mental health impact of the
pandemic, and there are significant
concerns that an already overtaxed
mental health care system may be
overwhelmed. For example, the most
recent data from the Household Pulse
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Before the
pandemic, the opiate
crisis was one of
the most widely
discussed issues
in health care, and
the relative silence
on this topic during
the past year could
be mistakenly
interpreted.
Survey for the first 2 weeks of March
2021 showed that 36.8% of adults
surveyed reported symptoms of anxiety
or depressive disorders compared with
11.0% from January to June 2019 using
a similar methodology. 1
Before the pandemic, the opiate crisis
was one of the most widely discussed
issues in health care, and the relative
silence on this topic during the past
year could be mistakenly interpreted.
The rate of overdose deaths has in
fact accelerated since the start of the
pandemic, with 81,000 drug overdose
fatalities in the 12 months ending May
2020, the highest number ever in a
12-month period. The primary driver
is synthetic opiates (primarily illicitly
manufactured fentanyl), with a 38.4%
year-over-year increase from 2019 to

F R O M T HE
E D ITO R

2020. 2 On the other side of this pandemic, the opiate
crisis will loom larger than ever. Alcohol consumption
and abuse have also increased significantly during the
pandemic. One survey-based study reported an overall
increase in alcohol consumption of 14% compared with
baseline data from 2019. 3 In another cross-sectional
survey, 60% of respondents reported increased alcohol
consumption compared with 13% reporting a decrease
pre–COVID-19. Also, 34.1% reported binge drinking
and 7.0% reported severe binge drinking episodes. 4
A recent publication reported a steep increase in hospitalizations due to alcohol-related diseases, including
acute liver failure and alcoholic hepatitis. Although
national numbers are not yet available, one hospital in
Southern California reported a 30% increase in
alcohol-related admissions in 2020 compared with 2019. 5
When speaking about the substance abuse increases
during the pandemic, Robert Redfield, MD, former
director of the CDC, said, “As we continue the fight
to end this pandemic, it’s important to not lose sight
of different groups being affected in other ways.
We need to take care of people suffering from unintended consequences.” 2
The delays and interruptions in maintenance and
preventive health care due to the pandemic also carry
the risk of unanticipated consequences. Two examples
are reductions in scheduled childhood vaccinations
and delays in routine cancer screening. For instance,
recent testimony from the CDC to Congress stated that
from 1994 to 2016, childhood immunizations prevented
an estimated 855,000 child deaths, 281 million child
illnesses, and nearly $1.65 trillion in health care costs. 6
However, early in the pandemic, the number of childhood vaccines decreased significantly across all age
cohorts, with children enrolled in Medicaid at greatest
risk. 7-9 Although pediatric care providers have been
working diligently to catch up during the later portion of
the pandemic, millions of missed vaccinations have left
children susceptible to epidemics of vaccine-preventable
diseases, including measles, meningitis, and pertussis.
Furthermore, the results of multiple studies have
shown a pronounced decrease in routine screening for
breast, cervical, colon, lung, and other cancers. 10 One
report from a single medical center in the Northeast estimated that over a 3-month period during the pandemic,
about 1400 cancerous or precancerous diagnoses were

missed. 11 These delays or missed diagnoses will put
patients at risk for presentation at more advanced stages
of cancer, different and more aggressive therapeutic
interventions, and other serious complications. 10
The unanticipated consequences of both the pandemic
and the prioritization of its management are likely to
result in continued high demands on the health care
system as we emerge from the pandemic. We should be
prepared for this shift affecting our return to “normal.” ■
REFERENCES
1. Anxiety and depression. CDC. Updated April 7, 2021. Accessed April 13, 2021. https://www.
cdc.gov/nchs/covid19/pulse/mental-health.htm
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COVID-19

Newly Developed Vaccine Could Provide Broad Protection Against Coronaviruses

A

VACCINE THAT MAY protect against existing
and future strains of COVID-19 and other
coronaviruses has shown promising results in early
animal testing. The study findings were published in
Proceedings of the National Academy of Sciences.
The vaccine was developed using an innovative
approach that may eventually open the door to a universal
vaccine for coronaviruses. These include coronaviruses
that previously threatened to cause pandemics or those
that cause some cases of the common cold, according to
the investigators.
The investigators created vaccines that prevented pigs
from becoming ill with a pig model coronavirus, porcine
epidemic diarrhea virus (PEDV). The vaccines targeted a
part of the virus’ spike protein, the viral fusion peptide,
which is essentially universal among coronaviruses and has

Mothers’ Vaccines May Also Protect
Breastfeeding Infants

N

URSING MOTHERS WHO receive COVID-19

vaccines may pass protective antibodies
to their infants through breast milk for
at least 80 days after vaccination, according to
investigators at Washington University School of
Medicine in St Louis, Missouri.
In the study, 5 mothers provided frozen breast
milk samples after receiving the 2-dose
Pfizer-BioNTech COVID-19 vaccine. The findings,
published in the American Journal of Obstetrics
and Gynecology, offer some of the first peer-reviewed evidence that breastfeeding confers a
long-lasting immune response in nursing infants
and toddlers.
The investigators tracked levels of COVID-19
antibodies in breast milk from a baseline before the
mothers’ first vaccinations and on a weekly basis
for 80 days afterward. This is thought to be the first
study to track specific levels of these antibodies in
breast milk over an extended period, according
to a statement. The children in the study ranged in
age from 1 month to 2 years. To measure immune
response in the breast milk, the investigators
monitored levels of IgA and IgG, which are
deployed by the immune system to fight infections
in children.—Aislinn Antrim

not been observed to differ in SARS-CoV-2’s many genetic
sequences. The investigators created 2 vaccines, 1 designed
to protect against COVID-19 and 1 to protect against PEDV.
Studying PEDV in pigs allowed the investigators to
observe the vaccines’ ability to offer protection against
a coronavirus infection in its native host. Previous
models that were used to test COVID-19 vaccines studied
SARS-CoV-2 in non-native hosts, such as hamsters, mice,
or monkeys that had been genetically engineered to allow
them to be infected with SARS-CoV-2. Both the PEDV
and SARS-CoV-2 vaccines protected the pigs against
illness caused by PEDV, according to the study results.
The vaccines did not prevent infection but protected the
animals from developing severe symptoms, similar to
the observations made when primates were tested with
candidate COVID-19 vaccines.—Skylar Kenney

Study Offers Insight Into Vaccine Hesitancy

T

HE MOST RELIABLE indicators of willingness to

be vaccinated against SARS-CoV-2 are rejection of
conspiracy suspicions about COVID-19 and a positive
attitude toward vaccines in general, according to the results
of a study by King’s College London and the University
of Bristol in England. The analysis was based on a large
representative sample survey conducted in November and
December 2020, which examined a range of factors that
previous study results had shown were related to hesitancy
about receiving a COVID-19 vaccine.
The new study results showed that less educated individuals,
members of non-White ethnic groups, women, and young
people are more hesitant about getting vaccinated. Further,
individuals who get their information about COVID-19 from
social media are also more hesitant.
However, the investigators found that many of these differences can be explained by attitudes toward vaccines in general
and whether individuals suspect there has been a conspiracy or
cover-up connected to COVID-19.
The analysis showed that vaccine hesitancy among people
who get their information about COVID-19 from social media
is completely accounted for by more negative vaccine attitudes
and stronger conspiracy suspicions. Similarly, vaccine hesitancy
among members of ethnic groups who are other than White and
those of low-income households is almost completely accounted
for by more negative vaccine attitudes and stronger conspiracy
suspicions, according to the study authors.—Jill Murphy
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Germline, Somatic Genetic Testing for Prostate Cancer Is a Big Breakthrough

T

HE DEVELOPMENT OF gene therapy and targeted

therapy for prostate cancer has been a significant
breakthrough in the treatment of one of the
most prevalent malignancies in men, said Seon Jo
Park, PharmD, BCOP, a clinical pharmacy specialist
at Allegheny Health Network Cancer Institute in
Pittsburgh, Pennsylvania. Park was speaking during
a session at the Hematology/Oncology Pharmacy
Association 2021 Virtual Annual Conference.
“If you look at the statistics, you see that there’s a
startling number of patients who [receive a diagnosis] and
die from their severe malignancy. Knowing that a family
history and certain gene mutations increase the risk of
prostate cancer, we are very excited to see more gene
mutation research,” Park said.
To provide some background on the gene mutations
associated with pancreatic cancer, Park explained that

Incoming President Outlines Organization’s
Future

I

NCOMING HEMATOLOGY/ONCOLOGY PHARMACY

Association (HOPA) president Larry W. Buie,
PharmD, BCOP, FASHP, outlined his plan for the
future of the organization in a presentation at the
Hematology/Oncology Pharmacy Association 2021
Virtual Annual Conference, placing specific emphasis
on expanding HOPA’s reach; committing to creating
a diversity, equity, and inclusion task force; and
developing the HOPA collaborative research program.
Buie discussed ways to potentially expand HOPA’s
reach, including through its task force on student
engagement, which is examining how the organization
can collaborate with pharmacy schools to teach pharmacy students about oncology earlier in their careers.
HOPA also plans to expand its external collaborations
and make the organization more patient facing, and
intends to have patients tell their own stories to help
expand the understanding of the pharmacist’s role in
cancer care.
“We want HOPA to be the professional home to
all pharmacists that are taking care of patients
with cancer. That includes people like specialty
pharmacists and investigational drug pharmacists or
pharmacists that may be working in more nontraditional
roles, such as those in the pharmaceutical industry,”
Buie said.—Skylar Kenney

chromosomes consist of genes and are contained within a
cell’s nucleus. Chromosomes can contain tens of thousands of genes, although some have far fewer.
The vast majority of human cells each contain 23 pairs
of chromosomes (1 from each parent), for a total of 46.
The chromosomes consist of DNA, and each stretch of
chromosomal DNA that constitutes a gene holds the
blueprint for the synthesis of a protein.
Germline DNA mutations occur in the sperm or egg that
joins to form an embryo and thus are present throughout
an individual’s body over their life span. In contrast,
somatic mutations happen after conception and only
affect only the cell where they originate, as well as all
the daughter cells that result from cell division. Germline
genetic testing can identify the presence of inherited
pathogenic mutations. Testing can be performed on DNA
isolated from blood or buccal cells.—Alana Hippensteele

Evaluate Therapies for Maintenance Treatment of
Ovarian Cancer

W

HEN DEBATING WHETHER to begin a single-

agent PARP inhibitor or combination therapy in
patients who need maintenance treatment
for ovarian cancer, clinicians should consider
frontline versus recurrent treatments. They should also
consider whether the treatments will affect future
therapies, according to Colleen Bohnenkamp,
PharmD, BCOP, BCPS, in a session at the
Hematology/Oncology Pharmacy Association 2021
Virtual Annual Conference.
According to Bohnenkamp, in 2021 there were an
estimated 22,410 new diagnoses of ovarian cancer and
13,770 deaths. Epithelial ovarian cancer accounts for
approximately 90% of these cases. The disease has a
relatively low 5-year survival rate, largely because of
subtle symptoms such as bloating, which are very common
in postmenopausal women.
Bohnenkamp reviewed the traditional treatment pathway,
which begins with neoadjuvant platinum-based chemotherapy for eligible patients. This is followed by surgical
staging and debulking, adjuvant platinum-based chemotherapy, observation or frontline maintenance therapy, and
more chemotherapy if a relapse occurs.
Bohnenkamp devoted the remainder of the presentation
to discussing olaparib and niraparib as potential
alternatives to bevacizumab.—Aislinn Antrim
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What Are Best Practices During COVID-19?

Managing Rapid Changes Has Been Challenging but Has Also Given
Health-System Pharmacists an Opportunity to Demonstrate Value
BY AISLINN ANTRIM

I

N A RECENT Pharmacy Times ® Practice Pearls
discussion, experts discussed the vital role that healthsystem pharmacies have played during the COVID-19
pandemic through the development of new therapeutics
and the distribution of rapidly changing information.

One participant, Michael Epshteyn, PharmD, MSM,
director of pharmacy services at Medical City Dallas
Hospital and Medical City Children’s Hospital in Texas,
said that hospital pharmacies had to quickly adapt
and develop new methodologies to evaluate potential
COVID-19 treatments.
According to Epshteyn, as the literature quickly
changed throughout the pandemic, reviewing the infor-

mation and informing medication decisions has proved
to play a major role for health-system pharmacists.
“Really reviewing available literature and making the
best decisions as far as which medications [to use has]
actually been proved to be helpful,” Epshteyn said. “And
more so than ever, it was really important to work in
collaboration with the entire health care team.”
The implementation of outpatient infusions caused
a major shift during the pandemic, as clinicians tried
to keep patients out of the hospital both to prevent the
spread of COVID-19 and sometimes because of a lack of
beds during surges.
Epshteyn said that implementing protocols for
PAGE 12 »
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« PAGE 10
inpatient remdesivir infusions and outpatient monoclonal
antibody infusions was an important new role for healthsystem pharmacies.
Discussion host Madeline Camejo, PharmD, MS,
chief pharmacy officer at Baptist Health South Florida
in Coral Gables, said that safety was a major focus as
hospital employees changed their normal operations and
began using spaces differently.
For example, she said that her facility converted an
infusion center to exclusively administer bamlanivimab
to patients with COVID-19 and avoid exposure to
other patients who would normally be seen in the
infusion room.
Estela Trimino, PharmD, BCPS, medication safety
officer at Baptist Health South Florida, agreed, saying
that the past year deeply changed how health-system
pharmacies operate. According to Trimino, interdisciplinary help has been essential, with input from nursing
teams and physicians to help implement new protocols
efficiently and safely.
In some cases, new protocols, including the development of new documentation processes, safety systems,
and setup requirements, were released overnight, and
by the next day, they would be implemented, Trimino
said. For some intravenous infusions, she said that the
health system was lucky to have a wireless capacity that
enabled downloading drugs into the library, allowing
nurses to easily access safety features. Baptist Health
South Florida’s workflow software also allowed for
implementation of necessary safety features, demonstrating the importance of effective technology during
the pandemic.
In addition to managing shortages and new drug
protocols, handling the logistics of health-system pharmacies during the COVID-19 pandemic also presented
difficulties.
Camejo pointed out that cleaning medication
containers that are returned to the pharmacy and sequestering these medications were a constant challenge.
Policies and procedures related to personal protective
equipment (PPE) also changed quickly, requiring efficiency and flexibility.
According to Epshteyn, his facility faced similar
challenges, usually because of a lack of PPE. However,
he said that as a high-volume oncology hospital, there
was a shortage of chemotherapy gowns at one point
because they were purchased when regular gowns were
not available.
To manage this problem, Epshteyn said that the phar-
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macy began supplying a chemotherapy gown for each
nurse to use with every medication delivered, ensuring
that they had proper protection.
“Those are some of the creative ways where pharmacy
took on more work and initiative to help with appropriate distribution and conservation of PPE,” Epshteyn
said. “That one stands out to me, as we really never saw
ourselves as distributors of gloves and gowns and other
PPE, but sometimes we had to step it up and take that
additional responsibility on.”
As COVID-19 vaccines received FDA emergency use
authorizations and have been administered over the past
few months, the discussion participants said it presented
a new opportunity for pharmacists to be on the front
lines of the pandemic response.
Trimino said that she encourages pharmacists to get
out in their communities and get involved in the vaccination process, whether with COVID-19 vaccines or
other vaccinations.
“I think the pharmacists play a key role,” Trimino
said. “I’ve always been an advocate for pharmacists to
be out in the community [performing] these types of
services, so I think that this has provided an opportunity
to show what we can do, not only with the COVID-19
vaccine but with the influenza vaccine, pneumococcal
vaccines, with all the other vaccines that we need for
preventive medicine in the community.” ■
REFERENCE
Best practices for health-system pharmacy during COVID-19. Pharmacy Times®. March
26, 2021. Accessed April 5, 2021. https://www.pharmacytimes.com/practice-pearls/
best-practices-for-health-system-pharmacy-during-covid-19
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Pain Management in the ICU Is Complex
Finding the Right Medication or Drug Combination for
Individual Patients Is Critical
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care unit (ICU) is not a one-sizefits-all discipline. There are many
factors to consider, including location and
type of pain, breakthrough pain despite
adequate management, and patient history
of opioid use. But preventing pain instead
of reacting to it is key.
It is important to keep in mind that pain
management medications are not without
the risks of oversedation and, ultimately,
respiratory depression. Hence, it is imperative to find a balance in addressing pain
by using medications that have different
mechanisms of action.
The first class of medication that
providers turn to is local anesthetics.
Guidelines do not recommend the use
of topical anesthetics in ICU patients.
However, topical anesthetics can provide
great advantages when other routes of
administration are not plausible. Lidocaine
is a local anesthetic that binds reversibly to
sodium channels, blocking nerve depolarization by locking nerves in the open state. 1
One study evaluated pretreatment with
lidocaine 5% patches in acute postthoracotomy population pain. Results found that
lidocaine was effective in reducing pain
intensity and total morphine consumption.
Therefore, lidocaine 5% patches could
be considered as an adjunct treatment
to intravenous (IV) morphine to control
postthoracotomy pain. 2 Nevertheless, the
results of another study assessing the
efficacy of topical lidocaine 5% patches in

DI RE C TIONS I N H E ALT H -SYS TEM PH AR MACY™
M AY 20 21

There are many
factors to consider,
including location
and type of
pain, breakthrough
pain despite
adequate
management, and
patient history of
opioid use.
ICU patients in poststernotomy or postthoracotomy pain concluded that lidocaine did
not reduce acute pain. 3
Because of their low risk of systemic
effects, minimal drug interactions, and
safety profiles, lidocaine patches are
considered a suitable treatment for the
elderly population. However, variable skin
properties in individuals may influence
absorption and distribution. Additionally,
many studies of topical medications
lack quality; thus, further studies are
needed to analyze effectiveness and
long-term effects. 4
The guidelines also suggest using
low-dose ketamine for pain relief in postoperative adults in the ICU. 5 Ketamine is a
noncompetitive N-methyl- D-aspartate and
glutamate receptor antagonist. It is recommended as an adjunct to opioid therapy to
reduce opioid consumption in ICU patients
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with postsurgical pain. Common adverse effects (AEs)
include confusion, diplopia, drowsiness, dysphoria, and,
in some rare cases, hallucinations. 6
Although opioids remain the mainstay of therapy
in the ICU, the guidelines also recognize the negative
effects that opioids pose and encourage the use of multimodal therapies whenever possible to decrease opioid
use. 5 Two other classes of medications used in the ICU
are nonsteroidal anti-inflammatory drugs (NSAIDs), and
acetaminophen, an analgesic, and antipyretic medication. NSAIDs work by inhibiting prostaglandin synthesis
through COX-1 and COX-2 inhibition. 7 Patients must
have stable renal functions and not be on concomitant
nephrotoxic medications while receiving NSAIDs. These
drugs should also be avoided in patients with gastric
ulcers, active gastrointestinal (GI) bleeds, or a history of
GI bleeds, and congestive heart failure. 7,8 Additionally,
in patients with severe cirrhosis or liver impairment,
alternatives should be considered. 9
Acetaminophen is the preferred initial agent of choice
for ICU patients. 5,10 According to the guidelines, IV, oral,
or rectal acetaminophen should be used for pain control
and to decrease opioid use in the critically ill population. 5,10 Acetaminophen has proved to have comparable
effects to opioids and demonstrated an opioid-sparing
effect in multiple investigations. In 1 study looking at
moderate to severe pain after orthopedic surgery, results
showed that IV acetaminophen at a dose of 1 g, administered over 24 hours, reduced opioid need, and was well
tolerated. 11 The results of another study showed that
the addition of acetaminophen to meperidine provided
adequate pain control in patients and reduced their
opioid need. 12 Results from another trial demonstrated
adequate pain control and opioid-sparing effects through
the combined use of acetaminophen and tramadol in
patients who have cardiac surgery. 13
Similar opioid-sparing effects can be seen with
NSAIDs, such as ibuprofen and ketorolac. Study results
showed that using 800 mg of IV ibuprofen every 6 hours
in patients who had postabdominal pain effectively
controlled their pain and reduced their opioid requirements. 14 The results of one controlled, randomized trial
comparing IV morphine 4 mg with IV ketorolac 4 mg
showed that pain scores were similar after chest tube
removal. These results indicated that NSAIDs could be
used as an alternative to opioid therapy in the critically
ill population for certain procedures. 5 When using
ketorolac, it is imperative to maintain therapy for no

more than 5 days, as prolonged therapy can increase the
risk of AEs, particularly GI bleeding. 8 Patients should be
evaluated to determine whether they are good candidates
for either acetaminophen or NSAID therapy alone or in
combination with opioids to decrease AEs and opioid
burden and help prevent pain.
Neuropathic pain is derived from damaged nerves
and is often treated by medications, such as carbamazepine, gabapentin, and pregabalin. Their analgesic
properties are exhibited through mechanisms of binding
to voltage-gated calcium channels and inhibiting the
release of excitatory neurotransmitters. 5,15 Neuropathic
agents are recommended as adjuncts to opioids to lower
the intensity of neuropathic and postcardiovascular
surgery pain in critically ill adults. These agents are
also recommended for patients with diabetes who have
nerve pain. 5,16 Gabapentin has structural similarities
to γ-aminobutyric acid (GABA) but does not bind to
GABA receptors and has minimal effect on
degradation or uptake of GABA. It has proved to be
useful in postherpetic neuralgia, as well as in peripheral
nerve injuries. 17
Because of Pain Agitation Delirium Immobility Sleep
guidelines on analagosedation, opioid use remains the
mainstay for pain management in most ICU settings
because of the greater analgesic effects they produce
over acetaminophen and NSAIDs, especially in the
setting of mechanical ventilation or postsurgical
analgesia. 5,18 Opioids produce analgesia by activating
G protein–coupled receptors, particularly μ-opioid
receptors, located in the brain and spinal cord regions,
which are involved in transmission and modulation of
pain. Activation of G protein–coupled receptors alters
pain perception, increases pain threshold, and inhibits
ascending pain pathways. 19
The most common opioids used in the ICU setting
include fentanyl, hydromorphone, and morphine, because
of their titratability as either bolus doses or infusions.
With renal failure, morphine is used cautiously because
of the significant accumulation of morphine metabolites,
morphine-3-glucuronide and morphine-6-glucuronide.
Morphine is also associated with histamine release, which
can lead to vasodilation and decreased blood pressure.20
Fentanyl, a synthetic derivative of morphine, is 100 times
more potent than morphine and is not associated with
histamine release, making it preferred in the setting of
hemodynamic instability.20 Hydromorphone, a semisynthetic derivative of morphine, is 5 to 10 times more potent
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TA B LE . TYPES OF DR UG S THAT AD D R ES S PAI N 1,6 -9,18-22

Drug class

Mechanism of action

Drug name

Dose

ADRs and monitoring

Blocks voltage-gated
sodium channels and slows
central hyperexcitability
and peripheral nociceptor
sensitization

Lidocaine

Patch: Apply to painful area. Patch may remain
in place for up to 12 hours in any 24-hour
period. No more than 1 patch should be used
in a 24-hour period.

ADRs: bradycardia, dizziness,
edema, erythema, petechiae,
and pruritus

Anesthesia

Noncompetitive NMDA
receptor antagonist that
blocks glutamate

Ketamine

IV: 0.5 mg/kg IVP, followed by 0.2-0.5 mg/kg/
hour infusion

ADRs: confusion, diplopia,
drowsiness, dysphoria, and,
in rare cases, hallucinations

Ibuprofen

IV and oral: 200-400 mg every 4-6 hours as
needed or 600-800 mg every 6-8 hours as
needed; maximum daily dose is 3.2 g/day

Ketorolac

IV: 15-30 mg every 6 hours as needed; do not
exceed 5-day duration

Blocks prostaglandin
synthesis through COX-1 and
COX-2 inhibition

NSAIDs

Anti-inflammatory
and antipyretic9

Activates central nervous
system descending
serotonergic inhibitory
pathways and inhibits
the hypothalamic heatregulating center

Acetaminophen

IV: 650 mg every 4 hours; maximum daily
dose is 4 g/day
Oral: 325-650 mg every 4-6 hours as needed

ADRs: bleeding, stomach
pain, and ulcers
Monitor for blood in stool
with BUN, hemoglobin, and
serum creatinine tests
Monitor for signs of liver
toxicity such as jaundice and
pain in upper stomach with
ALT, AST, and LFT tests

IV: 0.5-20.0 mg/hour
Morphine
Intermittent: 2-4 mg IV every 1-2 hours
Produces analgesia by
activating G protein–coupled
Fentanyl
receptors, particularly
μ-opioid receptors

Opioids

IV infusion: 12.5-200.0 µg/hour
Intermittent: 0.35-0.5 µg/kg IV every 1-2 hours
IV infusion: 0.5-5.0 mg/hour

Hydromorphone

ADRs: constipation,
dependency, nausea,
respiratory depression,
sedation, and vomiting
Monitor blood pressure and
bowel movements with BUN,
CPOT, heart rate, RASS,
respiratory rate, and serum
creatinine tests

Intermittent: 0.2-0.6 mg IV every 1-2 hours

Anticonvulsant

Blocks the tonic phase of
nociception and exerts
potent inhibitory effect in
neuropathic pain

Extended-release oral: initial; 300 mg at
bedtime; increase dose based on response
and tolerability to a target dose of 900 mg to
3.6 g once daily
Gabapentin

Immediate release oral: initial;
100-300 mg 1-3 times daily; increase dose
based on response and tolerability to a target
dose range of 300 mg to
1.2 g 3 times daily

ADRs: dizziness, drowsiness,
loss of coordination, and
tremors

ADR, adverse drug reaction; ALT, alanine transaminase; AST, aspartate transaminase; BUN, blood urea nitrogen; CPOT, critical care pain observation tool; IV, intravenous; IVP, intravenous pyelogram; LFT,
liver function test; NMDA, N-methyl-D-aspartate receptor; NSAID, nonsteroidal anti-inflammatory drug; RASS, Richmond-Agitation Sedation Scale.
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than morphine and is an appropriate alternative to either fentanyl or morphine.21
Although opioids are considered the
mainstay of therapy, they are associated
with negative AEs.
All opioids carry a risk for fatal,
life-threatening, or serious respiratory
depression and more common AEs,
including constipation, drowsiness, nausea,
sedation, and vomiting. 14 As a result, the
guidelines endorse multimodal analgesia
to reduce opioid requirements, as well as
bowel regimens to manage constipation in
the ICU. 5

Conclusion

Adequate pain assessment and management
in the ICU is a complex process. It is further
complicated by patients’ unstable health
statuses, making them unable to communicate their pain accurately. To overcome
these barriers between health care providers
and patients, proper identification of pain
is important. Universal pain management
is not possible in the ICU; therefore, it is
critical to find the right drug or combination
of drugs for each patient, monitor progress throughout the therapy, and adjust as
needed. Each class of medications comes
with its own set of indications and AEs,
which is why pain must be managed carefully and remain under the supervision of an
interprofessional team (see Table).1,6-9,18-22 ■

in the ICU. Crit Care Med. 2018;46(9):1532-1548. doi:10.1097/
CCM.0000000000003259
6. Ketamine. Drugs.com. Updated October 26, 2020. Accessed April 26,
2021. https://www.drugs.com/monograph/ketamine.html
7. Ibuprofen. Drugs.com. Updated November 9, 2020. Accessed April 26,
2021. https://www.drugs.com/monograph/ibuprofen.html
8. Ketorolac (systemic). Drugs.com. Updated November 9, 2020. Accessed
April 26, 2021. https://www.drugs.com/monograph/ketorolac-systemic.html
9. Acetaminophen. Drugs.com. Updated January 22, 2021. Accessed April
26, 2021. https://www.drugs.com/acetaminophen.html
10. Shi SB, Wang XB, Song JM, Guo SF, Chen ZX, Wang Y. Efficacy of
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Lifestyle Modifications Support Brain Health

Exercise, Nutrition, Sleep, and Supplements Can Help Slow Cognitive Decline
in Older Individuals
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N RECENT YEARS, scientists have made

remarkable strides in unlocking the
mysteries of the brain. They are using
artificial intelligence to map the visual
cortex. Positron emission tomography scans
allow investigators to track surges in brain
activity, and electrical implants are helping
some patients with paralysis to walk again.
Although much progress has been
made over the past decade, there is still
much more to be understood about the
brain’s inner workings, specifically
on how to prevent or reverse
cognitive decline.
The CDC defines dementia as a general
term used to describe the impaired ability
to remember, think, or make decisions in
a way that interferes with everyday activities. 1 An estimated 5 million individuals
in the United States have dementia with
Alzheimer disease (AD), the most common
form. 1 Interest in brain health is high, with
recent survey results showing that about
25% of adults over age 50 years take a
supplement to improve their brain health
with the promise of enhanced memory and
sharper attention and focus. 2
Age has long been known as the strongest predictor of developing dementia, but
there are other risk factors. An individual
with a family history is more likely to
develop dementia. Black individuals are
twice as likely, and Hispanic individuals
are 1.5 times more likely to have dementia
compared with White individuals. 1 Hypertension in midlife may increase the risk
of cognitive decline in older age, because
it damages blood vessels, which leads to
vascular dementia. 3 Other conditions, such
as diabetes and traumatic brain injury, have
links to dementia as well.
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Treatment of Dementia

Dementia treatment includes addressing the
underlying cause, whether that is a chronic
disease, medication, or other factors. AD
has no cure, but some medications can
slow the process and treat symptoms of
anxiety or behavioral changes. Although
there are still many unanswered questions
about dementia, there are proven strategies
that can be adopted throughout life to slow
cognitive decline in older age.

Lifestyle Modifications

Exercise
The research results have demonstrated the
link between brain health and exercise, and
several studies have looked at the effect on
cognitive decline in older age. The results
of a study of more than 30,000 participants
found that those who were physically fit
throughout the 10-year study were almost
50% less likely to develop dementia in older
age than the least fit study participants.4 The
study results also showed that participants
who were out of shape in middle age who
became fitter throughout the study showed
the same substantial risk reduction for
dementia as their counterparts who were fit
at the outset of the study.4 This shows that it
is never too late to start exercising to receive
cognitive benefits. Other studies have looked
at the intensity and length of exercise,
and results found that regular moderate- to
high-intensity exercise and weight resistance
training are most beneficial.4,5
Nutrition
Changes in the brain can happen years
before symptoms appear, and nutrition has
been studied as a possible way to slow the
aging process, specifically through the
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Subscribe to our
newsletters for
practical tips and
valuable resources

Mediterranean and Mediterranean-DASH Intervention
for Neurodegenerative Delay diets. The Mediterranean
diet emphasizes fish, fruits, grains, legumes, vegetables,
and whole grains. Not only does good nutrition help
with chronic disease risk factors, such as cardiovascular
disease and diabetes, but it also may protect the brain
through anti-inflammatory and antioxidant processes.
So far, there is no hard evidence that avoiding or eating
certain foods lowers the risk of AD, but eating fish and
green, leafy vegetables and following a low-salt and
-sugar diet may reduce the risk of developing dementia.

people get enough vitamin B in their diets, but if they
don’t, the deficit is reversible through supplementation,
which is rarely needed long term.
There is also an herb specifically indicated for memory,
Gingko biloba, but research does not conclusively back
the claim. One of the largest studies trying to connect it
to memory was the Ginkgo Evaluation of Memory study.
With 3000 participants taking a supplement over 6 years,
the results did not show that Gingko biloba lowered the
risk of developing overall dementia.9

Sleep
Although investigators are still debating whether
dementia leads to poor sleep or poor sleep exacerbates
dementia, they agree that there is a link. The National
Institutes of Health reported in 2018 that sleep deficits
might increase the β-amyloid proteins in the brain that are
linked to AD. 6 The results of another study that followed
individuals older than 25 years showed a 30% increased
dementia risk in 50-, 60-, and 70-year-olds who slept 6 or
fewer hours a night. 7

Lifestyle choices, such as diet and exercise, may help
prevent AD and support brain health, as well as lower the
risk of other diseases, such as diabetes and heart disease,
which have been linked to AD. Healthy lifestyle choices
can improve health and possibly protect the brain. ■

Supplements
Most supplements are not tested in clinical, controlled,
randomized trials, and the FDA does not regulate supplements. Because of this, their efficacy and safety are
largely unknown, as is how supplements interact with
other medications. There are several supplements that
individuals regularly use that have shown small benefits
in the results of some studies.
The most common of these are omega-3 and vitamins
E and B 6, B 9 (folate), and B 12. Omega-3s are found in
fatty fish, such as mackerel and salmon, and nuts, seeds,
and vegetable oils, which have all shown anti-inflammatory and antioxidant effects on the brain. The results
of a 2014 study showed that vitamin E might help
individuals with AD continue to perform daily functions.
However, vitamin E does not prevent AD or reduce other
symptoms. 8 Vitamin E is thought to contribute to brain
health by reducing oxidative stress. The vitamins B 6, B 9
(folate), and B 12 help break down homocysteine, which
has been shown to contribute to AD and dementia. Most

Conclusion
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ECHNOLOGY HAS CHANGED

the practice of pharmacy. Many
systems are now part of an everincreasingly interfaced or integrated
health care system allowing the electronic
exchange of prescriptions from electronic
health records (EHRs) to the pharmacy
information system and bidirectional
data exchange for many items, such as
lab results and test information. With
meaningful use of automated distribution
cabinet databases, EHR efforts,
electronic data exchange, and smart pump
technology, the availability of data to use
for addressing and preventing adverse
medication events has grown. 1,2 Use of
these systems has allowed a
data-rich environment to store and retrieve
reporting. Mining data is becoming
easier and can be used as a tool to
identify adverse medication events or
potential events. 3,4

EHR and e-Prescribing

The EHR supports an enterprise-wide view
of patient care delivered in both the inpatient and outpatient settings.5 Achieving
meaningful use and interoperability with
EHRs has improved 2 critical aspects of the
medication management system: conducting
a medication reconciliation and reducing
transcription errors during medication
ordering. However, even with increased
legibility and transcription, EHRs can only
be as good as the data entered, the review
process, and their sources.6-8
To catch potential medication errors
using EHRs, pharmacy staff members
generate reports to determine the number
of profiles of identified patient populations
who are high-risk. Employees review
data to determine whether communication
handoffs exist among the varying levels of
care and whether data received at the time
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of admission or care were accurate. 8,9
An EHR can be built during the ordering
process to include dose range, drug information resources, frequency, lab result
limits, medication route, and required
testing. In addition, a drug interaction
screening system is often layered to
prevent medication misadventures. Staff
members can analyze data from the EHR to
look at tool use, such as the number of times
the standard orders were not being used
and the number of required interventions
allowed for education and quality improvement in the medication use system. Order
sets should be maintained, and as such, a
process for continual review and updating
must be identified to ensure optimal value
and prevent other issues from arising.
Other areas to review are medications
being administered within the time frame
set by policy and whether there is an
associated reason for the change in medication administration time. A review can
include documentation that an independent
double-check was conducted when required
by organization policy.

Automated Distribution Cabinets

Automated distribution cabinets (ADCs)
decentralize and streamline the entire
physician order and medication delivery
process. The results have been better supply
chain management, improved reporting,
more effective communication between
nursing and pharmacy staff, and timelier
patient care.10,11 With the implementation of
technology, pharmacy staff members load
systems via barcodes, and nurses select
the correct medication for the appropriate
patient using barcode e-verification. The
system is integrated with the medication
administration record in the EHRs.
To prevent medication problems, pharmacists can monitor null transactions,

SA F E H A N D LI N G O F H A Z A R D O U S D RU GS

wrong bin openings, returns, forced entry
detection, and overrides. Pharmacy staff
can review for documentation of independent double-check, if it is required by the
organization, for medications that have
been removed from the ADC using the
override function. 12

Radiofrequency Identification Tags

Radiofrequency identification technology
offers tools to help reduce errors in patient
care, assisting with medication selection,
facilitating tracing and tracking of equipment and patients, and promising better
management of health care assets and
improvement in the process of audits and
forecasting capacity.13 These systems offer
data mining and reporting capabilities when
used in conjunction with an administration
or dispensing system.

Intelligent Infusion (Smart Pump)
Technology

Computerized intravenous infusion
pumps have become a standard method of
improving medication safety.14 Software
included in these pumps can alert the
operator when a pump setting is put into
the system outside approved organizational
guidelines. However, the tool’s effectiveness depends on creating a database to
put in document alerts, rules, and safety
“guardrails.”15 Features must be kept
up-to-date with continual maintenance of
data when new medications are added or
when there has been a change in concentrations or formulations. In addition, staff
members must be educated about changes
and determine pump use. Review of pump
usage should include common medications
excluded during the data build process,
the number of overrides and guardrail
warnings, and what medications have been
programmed outside the data dictionary.
Also, data transfer should be reviewed
for accuracy during the most recent
update to the pump.15

Conclusion

Pharmacists must use data intentionally
to prevent medication errors. Using technology in the medication use process in an
increasingly interconnected system helps

achieve the common goal of effective and
safe medication use. ■
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ONCOLOGY FOC US

Immunotherapy Revolutionizes Treatment of ES-SCLC

Addition of Atezolizumab and Durvalumab to Chemotherapy Is a Win for
Patients With Extensive-Stage Small Cell Lung Cancer
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MALL CELL LUNG CANCER (SCLC)

accounts for approximately 15% of all
lung cancer cases, with almost all cases
attributed to tobacco smoke exposure. 1,2
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SCLC is generally characterized by an
aggressive, rapidly growing disease course
with a high rate of metastasis. Although
this rapid growth and proliferation translate
into higher response rates to chemotherapy
and radiation, patients relapse quickly with
increased rates of disease progression.
Clinical staging for SCLC has historically been classified using the Veterans
Administration Lung Study Group’s 2-stage
system to categorize patients to having
either limited-stage SCLC (LS-SCLC) or
extensive-stage SCLC (ES-SCLC) disease. 3
This system differs from most solid
tumor staging, which uses the American
Joint Committee on Cancer TNM staging
system. The National Comprehensive
Cancer Network (NCCN) uses a combined
approach for staging SCLC using the TNM
staging criteria but ultimately classifies
patients with SCLC as having LS-SCLC or
ES-SCLC. 4 Patients with ES-SCLC have a
more advanced disease course. Therefore,
the goal of treatment for these patients shifts
from curative intent to an intent geared
toward disease control and palliation.
For several decades, first-line treatment
for ES-SCLC has consisted of systemic
chemotherapy with a platinum agent
(carboplatin or cisplatin) plus etoposide.
Because of the favorable toxicity profile of
carboplatin over cisplatin and comparable
efficacy rates between the 2 platinum agents,
carboplatin was preferred over cisplatin in
ES-SCLC treatment regimens. Although
response rates were reported as high as 80%,
median overall survival rates for patients
treated with carboplatin and etoposide were
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approximately 10 months. 5
In recent years, immune checkpoint
inhibitors have revolutionized oncology
treatment with 7 checkpoint inhibitors
approved by the FDA to treat various types
of cancer, including melanoma, non–small
cell lung cancer, renal cell carcinoma,
urothelial carcinoma, and many others. By
manipulating physiologic immune checkpoint pathways in place to reduce autoimmunity, cancer cells can evade recognition
and targeting by cytotoxic T lymphocytes
(CTLs). Immune checkpoint inhibitors
target these pathways, either by inhibiting
CTL antigen-4 (CTLA-4) or the interaction
between PD-1 receptors and its ligands,
PD-L1/L2.
Two immune checkpoint inhibitors,
atezolizumab (Tecentriq; Genentech) and
durvalumab (Imfinzi; AstraZeneca), were
recently studied in the first-line setting
for patients with ES-SCLC in combination
with a platinum agent and etoposide. This
addition of immunotherapy to chemotherapy
represents the first change in ES-SCLC
treatment since the 1990s. Both atezolizumab and durvalumab are humanized, IgG
monoclonal antibodies targeting PD-L1 on
the surface of tumor cells.
Atezolizumab was studied in combination with carboplatin and etoposide for
first-line treatment in ES-SCLC in the phase
1/3 IMpower133 trial.6 In a 1:1 fashion,
403 patients with untreated ES-SCLC were
randomized to receive treatment with carboplatin, etoposide, and atezolizumab or a
matching placebo every 21 days for 4 cycles.
After the initial 4-cycle induction phase of
treatment, patients received maintenance
therapy with atezolizumab or a placebo
every 21 days until loss of clinical benefit,
disease progression, or unacceptable toxicity.

O N C O LO GY F OCU S

After a median follow-up of 13.9 months, patients
in the atezolizumab arm had a longer median overall
survival (12.3 months) compared with the placebo arm
(10.3 months). 6 The HR was 0.70 (95% CI, 0.54-0.91;
P = .007), suggesting a 30% lower risk of death with the
addition of atezolizumab to standard carboplatin-etoposide therapy. In February 2021, an updated analysis
was published after a median follow-up of 22.9 months,
supporting the original results of the IMpower133 trial. 7
The update reported a median overall survival of
12.3 months in the atezolizumab arm compared with
10.3 months in the placebo arm (HR, 0.76; 95% CI,
0.60-0.95; P = .0154).
Durvalumab was the second PD-L1 inhibitor approved
by the FDA based on the results of the CASPIAN trial. 8
In this trial, 805 patients with untreated ES-SCLC were
randomized 1:1:1 to receive treatment with a platinum
agent (carboplatin or cisplatin) and etoposide;
platinum-etoposide plus durvalumab; or platinum-etoposide plus durvalumab and tremelimumab, a CTLA-4
inhibitor. Initial treatment was given for 4 cycles (up
to 6 cycles in the platinum-etoposide arm), followed by
maintenance durvalumab every 4 weeks until disease
progression or unacceptable toxicity.
The published results of the CASPIAN trial included
analysis of the platinum-etoposide and platinumetoposide-durvalumab arms. 8 After a median follow-up
of 25.1 months, updated results were published showing
that the median overall survival was longer in the
platinum-etoposide-durvalumab arm (12.9 months)
compared with the platinum-etoposide arm (10.5
months). 9 The HR was 0.75 (95% CI, 0.62-0.91; P =
.0032), similar to the results from the IMpower133 trial.
As with other checkpoint inhibitors, treatment with
both atezolizumab and durvalumab is associated with
a unique immune-mediated toxicity profile, ranging
from mild toxicities to potentially life-threatening
toxicities. With a heterogeneous clinical presentation,
immune-mediated toxicities can affect any organ system,
most commonly the gastrointestinal tract, liver, skin,
and thyroid gland. Immune-mediated toxicities should

be identified as early as possible for close monitoring,
prompt initiation of high-dose corticosteroids, and
supportive care.
Based on the results of both the CASPIAN and
IMpower133 trials, the addition of atezolizumab or
durvalumab to platinum-etoposide therapy is considered the standard of care for patients with untreated
ES-SCLC, as recommended by the NCCN guidelines.
Pharmacists should recognize the role of adding
atezolizumab and durvalumab to first-line treatment for
ES-SCLC, along with the unique toxicities with which
these patients may present. ■
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INF ECTIOUS DISEASE

Long-Acting HIV Regimen May Prove Revolutionary

FDA Approval of 2-Drug Injectable Cabenuva Is a Game Changer in Maintaining
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HE FDA RECENTLY APPROVED

Cabenuva, the first long-acting
injectable for the treatment of HIV.
Cabenuva is a 2-drug copackaged product
containing cabotegravir (CAB) and
rilpivirine (RPV) and requires
2 intramuscular (IM) gluteal injections
once monthly. It is indicated as
maintenance therapy for individuals who
are virologically suppressed, defined as
HIV-1 RNA with less than 50 copies/
mL, on a stable regimen with no history
of treatment failure and no known or
suspected resistance to either drug. 1
The FDA approved the regimen on the
basis on results from 2 phase 3, multicenter, randomized, noninferiority trials:
FLAIR (NCT02938520) and ATLAS
(NCT02951052). Both met noninferiority
for the primary end point of the proportion
of participants with plasma HIV-1 RNA
greater than or equal to 50 copies/mL at
week 48. FLAIR compared monthly IM
CAB/RPV with daily oral dolutegravir/
abacavir/lamivudine therapy (primary end
point, 2.1% vs 2.5%, respectively; adjusted
difference, –0.4 percentage points; 95%
CI, –2.8 to 2.1), whereas ATLAS compared
monthly IM CAB/RPV with patients’
current daily antiretroviral regimen
(primary end point, 1.6% vs 1.0%, respectively; adjusted difference, 0.6 percentage
points; 95% CI, –1.2 to 2.5). 2,3
To ensure tolerability prior to transitioning to the long-acting injectable
formulation, an oral lead-in with one
30-mg tablet of CAB (Vocabria) and two
25-mg tablets of RPV (Edurant) once daily
with food for at least 1 month is recommended. 4 The long-acting injectables are
then initiated on the last day of oral lead-in
therapy and dosed once monthly. Interestingly, both CAB/RPV are slowly absorbed
following IM administration, in which
the absorption rate half-lives are about
40 days and 90 to 200 days, respectively.
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Thus, a less frequent IM administration
may be needed. 5 The phase 3, multicenter,
randomized, noninferiority ATLAS-2M
study (NCT03299049) compared CAB
400 mg/RPV 600 mg every 4 weeks with
CAB 600 mg/RPV 900 mg every 8 weeks.
The primary outcome was the same as in
the FLAIR and ATLAS trials, which was
the proportion of participants with plasma
HIV-1 RNA greater than or equal to
50 copies/mL at week 48. Findings from
this study established that administration
every 8 weeks was noninferior to dosing
every 4 weeks (2% vs 1%, respectively;
adjusted difference, 0.8; 95% CI –0.6 to
2.2). Although the study met its primary
end point, an extension phase is under
way and will follow patients through week
100. Pending FDA review, dosing every
8 weeks may be recommended. 6 Regardless of the dosing regimen, patients who
are unable to obtain their injectables in
clinic on the exact targeted administration
day have a buffer period of 7 days to
receive the next dose. 7
Given that the product is administered as
an IM injection, a notable advantage is its
ability to overcome drug-drug interactions
present with the oral formulation of RPV.
Proton pump inhibitors (PPIs) increase
gastric pH, resulting in the reduction of
RPV plasma concentration when given
orally. When RPV is given in combination
with omeprazole, RPV area under the
curve, maximum plasma concentration, and
minimum plasma concentration decrease
by 40%, 40%, and 33%, respectively. 8
As a result, PPIs are contraindicated in
patients who take oral RPV.
However, given the IM formulation,
this is no longer an issue. This also
holds true for histamine-2 receptor
antagonists and antacids.

Practical Considerations

Practitioners should note certain prescribing
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considerations for the use of Cabenuva. For the oral
lead-in phase, only a single specialty pharmacy, TheraCom, is contracted to provide a 30-day supply, which
can be shipped directly to a patient’s home or a prescriber’s office. Once patients demonstrate tolerability of oral
therapy, they can switch to the long-acting, once-monthly
IM injections, which must be administered in a health
care setting, such as a prescriber’s office. The first IM kit
contains CAB 600 mg and RPV 900 mg, whereas subsequent monthly dosing consists of CAB 400 mg and RPV
600 mg. If a patient misses 1 to 2 months of Cabenuva,
resume with CAB 400-mg and RPV 600-mg IM monthly
injections as soon as possible.7 But if a patient misses
more than 2 months of Cabenuva, reinitiate with CAB
600-mg and RPV 900-mg IM injections, then continue to
follow the CAB 400-mg and RPV 600-mg IM monthly
injection dosing schedule. If patients are unable to access
or continue Cabenuva, switching to an oral antiretroviral
regimen is permissible under the supervision of a health
care provider.
Although practitioners must consider many factors
when prescribing Cabenuva, the agent has the potential to revolutionize the treatment landscape for
HIV and, with hope, will play a fundamental role in
ending the HIV epidemic. ■
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HE DRUG QUALITY and Security
Act (DQSA) created a pathway
for pharmacy compounders to be
registered with the FDA as outsourced
503B compounding facilities. 1
This effort was largely in response to
the outbreak of fungal meningitis among
patients who received contaminated preservative-free methylprednisolone acetate
steroid injections because of poor quality
control at the New England Compounding
Center in September 2012. 2 Section 503B
of the DQSA aims to establish federal standards for product integrity, quality assurance testing, reporting, and safety when
producing large volumes of compounded
sterile products (CSPs).
Pharmacies compound millions of sterile
and nonsterile drug doses for patients
each year, and many are pursuant to a
patient-specific prescription order from a
physician or other prescriber. However,
anticipatory batch compounding is where
pharmacies will produce CSPs in advance
of a patient-specific order. Although this
process can supposedly save money and
time for pharmacies, it is not the ideal
practice, given new compounding standards
and the limits on the drug’s beyond-usedate, as well as requirements for batch
testing, analysis, and reporting.
This is where the standards come in to
help pharmacists with anticipatory batch
compounding. 503B outsourcing facilities have streamlined anticipatory batch
compounding by making the process much
easier, more cost-effective, and safer when
producing large-volume CSPs instead of
pharmacies trying to do everything themselves. The mission of 503B suppliers is
to provide effective and safe compounded
drug products that are not otherwise
commercially available. 503B suppliers

must comply with current good manufacturing practice (cGMP) requirements, pass
an FDA inspection according to a riskbased schedule, meet certain other conditions, report adverse events, and provide
the FDA with specific information about
the products they compound. They also
must hold up to scrutiny by many others,
including state pharmacy boards, departments of health, the Joint Commission, and
other regulatory bodies.
The scale and size of investment required
to operate at cGMP requirements is significant and makes it largely impracticable
for community and hospital pharmacies to
duplicate this operating model. The cGMP
requirements reduce variability, which
significantly reduces risk to the public.
Although requiring such rigor to produce
CSPs raises quality, it also makes it quite
expensive to operate. But the process is
highly repeatable. There are many 503B
suppliers operating within the United
States, and many serve all 50 states. These
suppliers are incredibly efficient at driving
down waste and lowering costs, and at
the same time, offer more ready-to-use
products. This, in turn, translates into an
easy-to-understand return on investment
calculation for providers. By lowering
providers’ costs and raising quality, 503B
suppliers produce a win-win solution for
the public.
Although the advent of 503B compliance
has raised standards and is producing
great benefits for Americans, it would
be impractical for all CSPs to be manufactured at a 503B outsourcing facility.
Providers should seek a 503B supplier to
assist them with only the truly laborious
CSPs to produce. These may include such
products as continuous ambulatory delivery
device pumps, controlled substances and
page 28 »
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narcotics, elastomeric pumps, high-risk compounds,
and infrequently used medications. 503B suppliers can
also assist pharmacists working with active pharmaceutical ingredients (APIs) or nonsterile drugs and can
help sterilize the final product. This assistance permits
these difficult-to-handle medications to be produced
with a high degree of certainty and quality, and at the
same time, allows the local pharmacy team bandwidth
and time to focus on the patient-specific CSPs that are
needed acutely and on a smaller scale.
503B outsourcing facilities benefit the public by
producing medications found on the FDA’s drug
shortage list. By working with APIs and raw materials
with a cGMP standard, patients and providers have
access to drugs that would otherwise be unavailable.
Drug shortages across the United States continue to be
a problem, but the impact of these shortages has been
negated to some extent by 503B outsourcing facilities.

Another tangible benefit of this impact is the vital
role that 503B suppliers played in supplying hospitals
with shortage medications required to treat critically
ill patients with COVID-19 during the peak of the
pandemic.

Conclusion

503B compliance has raised the bar on quality and safety
for patients and providers alike in the United States. As
more companies enter this space, there will be competition to further lower prices while improving quality. The
benefit of the DQSA to the public is being realized. ■
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Introduction

Spinal muscular atrophy (SMA) encompasses a group of degenerative, inherited
neuromuscular disorders. Historically,
patients with this disease were managed
solely with supportive care to alleviate
the associated symptoms and sequelae.
However, the recent approval of novel
agents to treat this family of disorders has
the potential to change the trajectory of
the disease process.

Clinical Spectrum of SMA

SMA is a progressive, degenerative,
inherited neuromuscular disorder. It is an
autosomal, recessively inherited group of
neuromuscular diseases.1,2 The genetic
basis as well as the phenotype-genotype
correlation of SMA is illustrated in
FIGURE 1 . 3 SMA is caused by mutations
in the survival motor neuron (SMN) gene.
Most often, the mutation occurs due to
a homozygous deletion located on the

5q13 region of the SMN1 gene, which
is responsible for encoding functional
SMN1 protein.4-9 This protein ensures the
survival of the α motor neuron. Healthy
individuals usually have 2 copies of
the SMN1 gene.10 The SMN2 gene is
closely related to SMN1 but differs in its
production of protein. Both SMN1 and
SMN2 play a role in the pathophysiology
of SMA. The difference between SMN1
and SMN2 is a single nucleotide,
but SMN2 produces less functional
protein than its SMN1 counterpart. For
that reason, clinical severity of SMA
correlates to the number of SMN2 copies
a patient possesses. A larger number of
copies of SMN2 is associated with less
severe manifestation of the disease (see
TABLE 1 ). 1,11
The characteristic feature of SMA is the
degeneration of large motor neurons in the
spinal cord and brainstem.1 The result of
this degeneration is a loss of motor func-
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FIGURE 1. COMPARISON OF A HEALTHY INDIVIDUAL AND A PATIENT WITH SMA AND SPECTRUM OF PHENOTYPES3

SMA, spinal muscular atrophy.

Republished from Chen T. Int J Mol Sci. 2020;21(9):3297, under the terms of a Creative Commons Attribution License.

tion for the patient. SMA is the leading cause of death from
genetic disease in infants because patients with the most severe
disease will ultimately develop respiratory failure. SMA does
not cause neurocognitive degeneration.12,13
Within the diagnosis of SMA are multiple subcategories with
variable levels of severity.1 Patients diagnosed with SMA type 1
will exhibit the most severe manifestations of the disease. These
patients are typically symptomatic by 6 months of age and present
with severe hypotonia, including the inability to sit and lack of
head control. Historically, patients diagnosed with this category
of disease would die by 2 years of age from respiratory failure,
unless they were provided mechanical ventilation support.
Patients with SMA type 2 present with less severe disease.
Symptoms in this patient group typically manifest between 6
and 18 months of age. Though these patients will never be able
to walk independently, they will be able to sit independently.
Patients with SMA type 2 will continue to develop a progressive weakness and will ultimately be unable to move their arms
and legs against resistance. Symptoms in patients with type 3

disease are even less severe, and patients will be able to both
walk and sit. However, as the disease progresses in patients with
SMA type 3, they may not retain their ability to walk. Onset of
symptoms in patients diagnosed with SMA type 3 typically does
not occur until the patient is older than 18 months. Patients with
SMA type 4 will be diagnosed in adulthood and will exhibit the
least severe form of the disease. Patients with SMA type 3 or 4
rarely require mechanical ventilation during their lifetimes.12,13
SMA affects approximately 10,000 to 25,000 children and
adults in the United States.12,14 The estimated incidence of SMA
is 1 per every 6000 to 11,000 live births. The estimated prevalence of SMA is 1 to 2 per 100,000 people.12,13,15,16 Because SMA
is an autosomal recessive disorder most carriers do not realize
they are carriers until they have a child affected by the disease.
Carrier frequency is estimated to be 1 in every 25 to 50 people.17,18
Historically, SMA was diagnosed upon the onset of symptoms.19 Patients would typically present with proximal muscle
weakness, motor delays, or regression in milestones. In current
practice, there has been a shift to emphasize the importance of
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genetic screening and earlier diagnosis. Diagnosis is confirmed
with a series of genetic tests, including multiplex ligationdependent probe amplification, quantitative polymerase chain
reaction, and next-generation sequencing. If these tests confirm
that a patient is lacking both functional copies of SMN1, a diagnosis of SMA can be made. If a patient is found to have only 1
functional copy of SMN1, additional testing will be conducted.
In rare instances, patients may exhibit symptoms consistent
with SMA but will possess 2 functional copies of the SMN1
gene. Clinicians should then conduct further testing to ensure
the patient does not have a rarer form of SMA or an alternative
neuromuscular disease.19
When diagnosis was dependent upon the presentation of
symptoms, it was commonly delayed for patients to receive their
formal diagnosis of SMA.20-22 The delay could take approximately 4 to 10 months in some patients. In the least severe
patients, it could be years before a diagnosis was formalized.
With the advent of disease-modifying therapy (DMT) for SMA,
the importance of early diagnosis has been emphasized. Patients
who have a delayed diagnosis of SMA will not see the same
benefit from DMTs. Once α motor neurons degenerate, function
cannot be regained because the damage is irreversible. For a
patient diagnosed with SMA type 1, 90% of motor neurons will
be lost by 6 months of age.20
In order to expedite the diagnosis of SMA, a new focus has
emerged on testing for prenatal carriers and conducting newborn
genetic screening. The goal of these new screening methods is
to detect SMA earlier and initiate DMT as soon as possible in
qualifying patients. SMA was added to the US Federal Recommended Uniform Screening Panel (RUSP) in 2018. At this time,
36 states have adopted and implemented this recommendation
with 2 additional states currently progressing towards inclusion
of SMA in their state’s newborn screening.20-24

Caring for Patients With SMA

Traditionally, supportive care with a multidisciplinary
emphasis was considered the gold standard for management
of patients with SMA. This is outlined in the 2018 SMA Standards of Care. Specialists across a wide variety of disciplines,
including but not limited to neurology, orthopedics, respiratory therapy, pulmonology, nutrition, pharmacy, and physical
therapy, must be part of the patient care team. Many times,
patients will have a care coordinator who works alongside
family members to organize services and optimize care.19,25
Respiratory therapy is a critical component of care for these
patients. With the progression of respiratory failure, many
patients will require mechanical ventilation during their life-
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TABLE 1. CLINICAL PRESENTATION OF SPINAL MUSCULAR
ATROPHY1,11

Type

SMN2 Copy Number

Symptoms

1

Most commonly 2, may
be 1 or 3

Unable to sit; often
have feeding,
orthopedic,
and respiratory
complications

2

Most commonly 3, may
be 2 or 4

Able to sit, unable
to walk; often have
feeding, orthopedic,
and respiratory
complications

3

Most commonly 3 or 4

Able to sit, stand,
and walk; might have
feeding, orthopedic,
and respiratory
complications

4

Most commonly 4

Mild presentation of
symptoms as adult
patients

time. Most patients will require airway clearance with manual
chest physiotherapy and mechanical insufflation-exsufflation
in order to manage respiratory illnesses, and it must be started
proactively.19,25 Nutrition services and support are also very
important as many patients will progress to needing nutrition support through a feeding tube throughout their lifetime.
There is also a need for expertise in enteral nutrition products,
including elemental formulas and probiotics. Multimodal bowel
regimens may often be required as the autonomic nervous
system degenerates.26 Orthopedic specialists are needed to
manage progressive spinal deformities that occur secondary
to the neuromuscular disease. They can provide interventions
ranging from the creation of braces for the correction of spinal
curvature to surgical intervention to correct deformities.19

Assessment Scales for SMA

One important aspect of caring for patients with SMA has
been quantifying and objectively measuring patients’ motor
function. Numerous scales have been validated for use and
have also been important with the development of novel
DMTs as they play a crucial role in qualifying outcomes in
the clinical trials. The tests outlined have all been utilized in
the clinical trials for DMTs in SMA.27 The scales are summarized in TABLE 2. 27,28

DMT and Treatment for SMA

In 2018, a treatment algorithm that was created by 15 experts

www.pharmacytimes.org

TABLE 2. SCALES FOR SPINAL MUSCULAR ATROPHY27,28

Scale

Length

Key Considerations

Bayley Scales of Infant
Development Third Edition
(BSID-III)

45-120 minutes

• Assessment of infants and toddlers aged between 1 and 42 months
• Multiple sections, including behavior, language, and fine motor and
gross motor development

• When assessing motor function, patients will be asked to complete
tasks, such as grasping, stacking blocks, and sitting

• Items are scored as able or unable
• Currently, there are no data to support the use of the BSID-III
specifically in the spinal muscular atrophy (SMA) population

Children’s Hospital of
Philadelphia Infant Test of
Neuromuscular Disorders
(CHOP INTEND)

15-40 minutes

• 16-item scale developed for patients with SMA type 1
• Items scored from 0 (no response) to 4 (complete response)
• Measures both deliberate muscular movements and reflexive
movements

• Infants with SMA type 1 typically score approximately a 20, whereas
those with normal development will often score 40 or above

Hammersmith Functional
Motor Scale-Expanded
(HFMSE)

10-30 minutes

• Evaluate older children (>24 months) with SMA types 2 and 3
• 33 items scored from 0 to 2
• Assessment is of motor function, and expansion of the exam with the
items from the Gross Motor Function Measure allows for utilization in
both ambulatory and nonambulatory patients

Hammersmith Infant
Neurological ExaminationSection 2, Motor Milestones
(HINE-2)

5-15 minutes

• Assess infant motor skills and can be utilized for patients with SMA
aged between 2 and 24 months

• Assesses cranial nerves, motor milestones, posture, tone, reflexes,
reactions, and behavior

• Not developed specifically to assess patients with SMA, but has been
validated in this patient population and utilized in clinical trials

Motor Function Measure-32
(MFM-32)

30-50 minutes

• 32 tasks, patients are scored on a 4-point scale (0 meaning cannot
initiate the task and 3 meaning they can complete the task fully)

• Motor function is examined in 3 different dimensions in this test: axial

and proximal motor function, distal motor function, as well as standing,
and transfers
• Patients younger than 7 years may struggle with the length and
complexity of this test
Revised Upper Limb Module
(RULM)

10-15 minutes

• Evaluates upper limb function among primarily nonambulatory children
• Both upper limbs are evaluated on a 19-item test geared towards
assessing activities of daily living

• Each item scored on a scale of 0 to 2 (with one item being scored as
can or cannot)

• Items include pressing a button, picking up a token, and other aspects
of everyday life

in the field of SMA and moderated by a neutral third party was
published to provide guidance in the management of patients
with SMA. 20 Their algorithm was meant to provide direction to providers once patients received a positive newborn
screen. The authors determined that because patients with
SMA have a wide variety of severity, range in acuity, and
variable time to onset of symptoms, guidance should be
provided on time to treatment.
The group created guidance for treatment initiation based on
SMN2 copy number. Infants with 2 or 3 copies of SMN2 should

be provided immediate treatment. Patients with 1 copy of SMN2
should receive treatment if pre-symptomatic; when symptomatic, it is left to the physicians’ discretion. Patients with 4 or
more copies of SMN2 should be watched closely, and treatment
should begin once symptoms present. It was recommended for
patients to be evaluated every 3 to 6 months and for parents to
keep a watchful eye for any noticeable changes in their child,
such as changes to movement, feeding, breathing, or cry. In
2019, this treatment algorithm was updated secondary to newly
available data. Per the expert panel, there are now enough data
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to recommend treating patients including those with 4 copies
of SMN2 from the time of positive newborn screen. The panel
continued to recommend waiting and closely monitoring those
patients with 5 copies of SMN2.29
DMTs for SMA are a novel therapeutic area. Studies are
ongoing and data are evolving with new interim analyses and
regular updates. As such, different sources and reference information may exhibit slight discrepancies depending on date of
publication. This article has worked to include the most accurate
and up-to-date information available.
STA R *
Which patient populations would be considered
candidates for nusinersen therapy?
*S = Stop; T = Think; A = Assess; R = Review

Nusinersen
Nusinersen was the first available therapy specific to SMA.
Nusinersen is an antisense oligonucleotide that works by
causing pre-messenger RNA (mRNA) splicing of the SMN2
gene in order to increase exon 7 inclusion in SMN2 mRNA
transcripts. Ultimately, this leads to an increase in the production of full-length SMN protein. Nusinersen was approved
by the US Food and Drug Administration (FDA) in 2016 for
adult and pediatric patients with SMA.30
Nusinersen is administered to patients via intrathecal injection. Each dose of nusinersen is 12 mg/5 mL. Treatment with
nusinersen can be broken down into the loading dose regimen
and maintenance therapy phases. When treatment is initiated for
patients, 3 loading doses will be given every 14 days. This is
followed by a fourth and final loading dose 30 days after the
third dose. Once the 4-dose loading regimen is completed,
patients can begin maintenance therapy with nusinersen and
receive 1 injection every 4 months.30
Nusinersen Clinical Trials

The ENDEAR study evaluated the safety and efficacy of intrathecal nusinersen in 121 infants aged 6 months or younger
with infant-onset SMA.31 Investigators looked at event-free
survival and motor milestone response, which was measured
using HINE-2. An interim analysis in this study showed that
patients treated with nusinersen had higher HINE-2 score
improvements (41%) than those in the control group (0%)
(P <.001). Patients treated with nusinersen were also found
to have a prolonged time to death or need for permanent
ventilation when compared with the control group. The most
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common adverse reactions to nusinersen were found to be
lower respiratory infection and constipation.30 ENDEAR was
terminated early because the data showed overwhelming efficacy for nusinersen, and patients were enrolled in the openlabel extension study, SHINE.31,32 An interim analysis of the
SHINE study showed improved Hammersmith scores with
nusinersen treatment both at day 1 and day 480. For patients
treated with nusinersen, HFMSE scores were 26.5 and 26.1
on days 1 and 480, respectively. For those randomized to the
sham procedure, scores were 21.5 and 21.2 on days 1 and
480, respectively.33
The CHERISH trial examined the use of nusinersen in
patients with later-onset SMA, defined as symptom onset after 6
months of age. This study included 126 children aged between
2 and 12 years. Investigators used the HFMSE scoring system
to quantify patients’ neuromuscular function. Interim analysis
in the CHERISH trial showed that patients exhibited a 4-point
increase in HFMSE score versus 1.9 mean decrease in score for
those in the control group. Fever, headache, vomiting, and back
pain were all found to be common adverse reactions to nusinersen.30 Similar to ENDEAR, CHERISH was also terminated
early due to overwhelmingly positive results; patients from
CHERISH were enrolled in SHINE.34,35
The SHINE open-label extension trial began in 2015. The
estimated completion date for this trial is August 2023.32
All patients enrolled in SHINE received nusinersen 12 mg
intrathecal injections every 4 months. Patients who received
nusinersen in CHERISH and ENDEAR exhibited better motor
function than those transitioned from placebo utilizing the
HFMSE and RULM scores.36,37
NURTURE is an open-label, interventional study assessing
the efficacy, safety, tolerability, and pharmacokinetics of nusinersen in genetically diagnosed pre-symptomatic infants with
SMA aged 6 weeks or younger at the time of therapy initiation.38
As of February 2020, all 25 patients treated with nusinersen
in this trial were alive and did not require permanent ventilation.39 Compared with historical controls, this is significant as
patients with SMA type 1 who remain untreated rarely live
beyond 2 years of age. The estimated completion date for this
trial is February 2025.40
Study of nusinersen continues with the DEVOTE trial, a
phase 2/3, controlled, dose escalating trial.41 The study will have
4 treatment arms. The first will include patients with later-onset
SMA who will be given nusinersen 28 mg on days 1, 15, and 29,
followed by maintenance therapy with 28 mg on days 149 and
269. The second arm will be patients with infant- or later-onset
SMA who will receive nusinersen 12 mg intrathecally on days
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1, 15, 29, and 64, followed by 12-mg maintenance doses on days
183 and 279. The third arm will include patients with infant- or
later-onset SMA receiving loading doses of nusinersen 50 mg
intrathecally on days 1 and 15, followed by 28 mg on days 135
and 279. A sham procedure will be administered on days 29, 64,
and 183 in this treatment arm. Finally, participants who have
been receiving the approved 12-mg dose for at least 1 year prior
to study entry will receive a single 50-mg bolus dose intrathecally
on day 1 (4 months following their most recent 12-mg dose),
followed by maintenance therapy of nusinersen 28 mg on days
121 and 241. The goal of this study is to determine if a higher
dose of nusinersen will increase treatment efficacy. Efficacy will
be measured utilizing the CHOP INTEND scoring system. This
study is estimated to be completed by July 4, 2023.41
In January 2021, an announcement of the phase 4 RESPOND
trial was made regarding treatment of the first patient in the
trial. RESPOND will assess the benefit of nusinersen for infants
and children treated with onasemnogene abeparvovec who may
have unmet clinical needs after treatment. RESPOND will be a
2-year, open-label study including 60 patients up to 3 years of
age at the time of first nusinersen dose. It has been reported that
up to 40% of patients in the long-term study of onasemnogene
abeparvovec have been treated with nusinersen.42,43
Of the available DMTs, nusinersen has been available the
longest. There are many observational, postmarketing, and
surveillance studies currently ongoing. Investigators are also
continuing to publish based upon their real-world experience
with nusinersen. As these data are published, further evidence
is growing for treatment of adult patients, and the hypothesis
that earlier treatment results in improved outcomes is being
validated. One study found that, overall, nusinersen treatment
resulted in improved HFMSE scores and that earlier intervention was associated with the best response to therapy.44 Of note,
investigators did not see any improvement in the progression of
scoliosis with nusinersen treatment.44 The effect of nusinersen
in patients with all types of SMA was examined in a 12-month
observational study.45 Investigators noted that clinical trial data
may not apply to all patients eligible for treatment with nusinersen and cautioned that extrapolating data from infants may
set unrealistic expectations for patients with advanced disease.
However, investigators found that improvements made on nusinersen, even small, were meaningful for patients and caregivers.45
Nusinersen is approved for the treatment of SMA in all ages.
The clinical trials discussed have outlined much of the data in
infants and children. For adult patients, there are some published
reports regarding nusinersen use. Published results of an observational cohort study in patients with genetically confirmed SMA

aged between 16 and 65 years found that mean Hammersmith
scores significantly improved from baseline with nusinersen
treatment. Limitations of the observational study included study
design and the natural functional decline of SMA.46 Another
study found that nusinersen provided a mild treatment effect in
adult patients with SMA type 3 as noted in the 6-minute walk
test, RULM, and peak cough flow results.47 There are ongoing
studies of nusinersen in adult patients with SMA.
Onasemnogene abeparvovec
Onasemnogene abeparvovec is an adeno-associated virus
type 9 (AAV9) vector-based SMN1 gene therapy. Onasemnogene works to replace the SMN1 gene encoding human
SMN protein. This therapy was approved in 2019 for the
treatment of pediatric patients younger than 2 years with
biallelic mutations in the SMN1 gene. FDA approval for this
medication was determined based on the completed phase 1
and ongoing phase 3 clinical trials conducted in patients with
infant-onset SMA.48 Onasemnogene is an intravenous infusion administered over 60 minutes. Onasemnogene is dosed
by body weight, and the recommended regimen is 1.1 x 1014
vector genomes/kg.48
Onasemnogene abeparvovec Clinical Trials

START was a phase 1 clinical trial that included 15 infants
with SMA type 1, with 2 copies of SMN2. 49,50 This was a
single-arm, open-label, dose escalating study. The goal of
START was to establish the preliminary efficacy and safety
of onasemnogene.51 The primary outcomes were focused on
safety and included treatment-related adverse events (trAEs)
of grade 3 or higher. Time until death and need for permanent ventilation were secondary outcomes. Due to observation of elevated serum aminotransferase in the first patient in
cohort 1, an amendment was made to the protocol to require
concomitant prednisolone administration. At 2 years post
infusion, all patients in the high-dose cohort were free from
permanent ventilation. Of the 12 participants, 9 in the highdose cohort could sit independently, and 2 could stand and
walk independently. CHOP INTEND scores increased by 9.8
points after 1 month and by 15.4 points after 3 months when
compared with untreated controls with SMA type 1. Overall,
results showed that a single dose of onasemnogene positively
affected survival and motor function in patients diagnosed
with infant-onset SMA. The trial also found 56 serious
adverse effects (AEs) reported in 13 participants across both
cohorts, of which 2 were treatment-related grade 4 elevations
in serum aminotransferase levels.51
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The NeuroNEXT trial also studied onasemnogene in
untreated patients with SMA type 1.52,53 This trial exhibited
a 100% survival rate for infants treated with onasemnogene
compared with 38% in the NN101 cohort. Meaningful changes
in CHOP INTEND scores were also identified. Patients treated
with onasemnogene improved to a score of 56.5 from a baseline
score of 28.2. Patients in the NN101 group exhibited decline to
5.3 from a baseline of 20.3. Those treated with onasemnogene
also exhibited significant achievement in motor milestones,
which was not documented in the NN101 group. The untreated
patients in this study were a historical control group.52,53
STR1VE-US was a phase 3, open-label, single-arm, singledose trial that assessed the safety and efficacy of onasemnogene in symptomatic patients with SMA type 1. Participants
in this trial included those younger than 6 months who had 1
or 2 copies of SMN2. The co-primary end point for efficacy
was event-free survival at 14 months; 91% of patients met this
end point. Additionally, 59% of patients met the end point of
functional sitting for 30 seconds or longer at 18 months of age
(P <.0001 vs natural history). Further, 81.8% of patients were
free of ventilation at 18 months of age. This study was the first
to introduce the concept of ability to thrive at 18 months of age,
a composite measure defined as the proportion of infants able
to maintain healthy body weight without nutritional support or
intervention. In this measure, 40.9% of study participants exhibited an ability to thrive, including 19 participants not requiring
a feeding tube, 14 being able to maintain good weight, and 12
able to tolerate thin liquids. The most common AEs noted in the
study were pyrexia, upper respiratory infection, constipation,
and scoliosis. All were considered manageable and consistent
with the medication’s safety profile.54-56
SPR1NT was an open-label, single-arm, phase 3 trial evaluating the efficacy and safety of onasemnogene in pre-symptomatic infants with SMA.57 Patients enrolled were younger than
6 weeks with 2 or 3 copies of SMN2. In 2019, an interim data
analysis was conducted on this trial. This analysis showed that
8 of 14 participants with 2 copies of the SMN2 gene could sit
independently for at least 30 seconds. Additionally, 4 of 14
participants could walk independently. All patients with 2 SMN2
copies achieved or maintained CHOP INTEND scores greater
than or equal to 50. Patients in the trial who had not yet achieved
motor milestones during this analysis were found to still be
within the appropriate age range for continued development.55,58
START Long-Term Follow-Up (START LTFU) is an ongoing,
observational, long-term, follow-up study from the patients who
completed the phase 1 START trial and received onasemnogene.
As of December 2019, 10 of 12 participants in the active treat-
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ment cohort were alive and did not require permanent ventilation. No previously achieved motor milestones were lost during
the follow-up period. Two patients were able to achieve new
milestones of standing with assistance. No new trAEs were
noted during the follow-up study.55
The STRONG study is a phase 1 clinical trial with the goal of
studying onasemnogene administration intrathecally. This trial
has been on hold since October 2019 secondary to inflammation found in primates following the intrathecal administration
of onasemnogene.59,60
Overall, the cumulative safety analysis from the trials and
postmarketing surveillance suggests that although patients
experience AEs with onasemnogene, they are generally not
serious.55,61,62 However, there is the potentially serious AE of
liver injury. Liver transaminase elevations need to be monitored
via liver function tests and should be managed with prophylactic prednisolone.
Prednisolone dosing is adjusted based on laboratory results.
Prednisolone must be initiated 1 day prior to treatment with
onasemnogene and should be continued for at least 30 days
following therapy. ALT, AST, total bilirubin, and prothrombin
time should all be assessed at the end of the 30-day treatment
period for prednisolone. If a patient is found to have normal
liver function, steroids can then be tapered over the next 28
days. If liver function abnormalities are noted, systemic steroids
should be continued at treatment dosing until assessments have
normalized and then steroids can be tapered. If liver function
does not improve, a hepatologist should be consulted. It may
be helpful to include a hepatologist on the patient care team as
well.48 Liver injury and hepatotoxicity can be serious without
appropriate monitoring and intervention.61 One study reported 2
cases of transient drug-induced liver failure following administration of onasemnogene.62
Thrombocytopenia has also occurred in patients receiving
onasemnogene. However, this has been found to be transient
and will resolve without intervention. Close monitoring of
platelet counts is still recommended. Postmarketing surveillance has shown heart rate changes and laboratory abnormalities
that cannot be explained clinically. Patients receiving onasemnogene should have troponin I monitored.48 Other adverse
reactions to onasemnogene can include elevated aminotransferases and vomiting.48
The manufacturer recently released a statement regarding
real-world experience with onasemnogene indicating significant
clinical benefit following treatment with this medication. The
experience now allows clinicians to see that the benefits can be
observed more than 5 years post dosing.63
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Risdiplam
Risdiplam is the first oral agent to treat SMA and was FDA
approved in 2020 for the treatment of patients aged 2 months
and older. It is a small-molecule, SMN2 splicing modifier that
increases functional SMN protein.64,65 It is available as an
oral liquid (0.75 mg/mL) that can be administered by mouth
or via feeding tube. Dosing for this agent is based both on
age and weight. Patients aged between 2 months and 2 years
will receive risdiplam 0.2 mg/kg body weight. For patients
aged 2 years or older, dosing is 0.25 mg/kg body weight, with
a maximum dose of 5 mg. Risdiplam is dispensed in amber
glass bottles for protection from light. Pharmacists will need
to dispense the appropriate oral syringes for patient use
alongside the medication.65
Risdiplam Clinical Trials

FIREFISH was an open-label, 2-part, phase 2/3 trial in
infants with SMA type 1 aged between 1 and 7 months. 66,67
The primary efficacy end point was the proportion of infants
sitting without support for 12 months of treatment and longer
using the BSID-III and CHOP INTEND. 66 Results of the trial
showed that key motor milestones were met after 1 year of
treatment with risdiplam. Published results from the second
part of the FIREFISH study showed that with risdiplam
therapy 95% of patients were able to retain the ability to
swallow and 89% of patients were able to feed orally.68 The
most common AEs noted for risdiplam were upper respiratory tract infection, fever, rash, and pneumonia.65
SUNFISH is a second phase 2/3, randomized, double-blind,
placebo-controlled extension study. The goal is to assess the
safety, tolerability, and effectiveness of risdiplam in patients
with SMA types 2 or 3 aged between 2 and 25 years. Patients in
this study are nonambulatory. Part 1 of this study showed that
treatment with risdiplam resulted in a median 2-fold increase
in blood SMN protein levels after 4 weeks. These changes
were sustained for a minimum of 24 months. Another finding
was significant change in baseline MFM-32 score between
risdiplam-treated patients and those who received placebo.69,70
The greatest response was noted in patients aged between 2
and 5 years (78.1% vs 52.9% achieving ≥3-point increase in
MFM-32 score).71 The most common AEs included upper respiratory tract infection, nasopharyngitis, pyrexia, headache, diarrhea, vomiting, and cough69,70; fever and rash were also noted.65
JEWELFISH is a phase 2, open-label, exploratory trial.
Patients included have SMA types 1, 2, or 3 and are between
the ages of 6 months and 60 years. These patients have also
previously received therapy for SMA including nusinersen

and onasemnogene. This study is ongoing and has an expected
completion date of 2025. No drug-related safety events have led
to withdrawal from JEWELFISH.65,66,69
RAINBOWFISH is an ongoing, open-label, single-arm,
multicenter study. The goal of this study is to assess the efficacy,
safety, pharmacokinetics, and pharmacodynamics of risdiplam
in infants from birth to 6 weeks of age with pre-symptomatic,
genetically diagnosed SMA. Estimated study completion for
this trial is 2026.72

Investigational Therapies

In addition to the therapies outlined, there are other agents
being considered in the treatment and management of SMA.
Branaplam is a small-molecule RNA splicing modulator that
is thought to increase SMN protein levels. The safety and
efficacy of oral branaplam in patients with SMA type 1 is
currently being studied. Preliminary data on this medication showed improvement in motor function after 86 days
of treatment. Celecoxib has been shown to increase SMN in
animal models, and phase 2 and 3 trials are examining use of
celecoxib in patients with SMA. The antibiotics azithromycin
and the aminoglycoside drug class have possible potential
as SMN protein stabilizers. Aminoglycosides have shown
possible in vivo efficacy, but toxicity has yet to be investigated. Intrathecal administration of azithromycin in mice
exhibited promising data. Bortezomib therapy, though able to
improve motor function, has not shown improved survival.3

Therapeutic Agents Not Targeting SMN

Many of the medications discussed in this activity focus
on SMN-dependent mechanisms of action. However,
there can be benefit in therapies that do not utilize SMNdependent mechanisms in the treatment and management of
patients with SMA. Patients with advanced disease or who
might require multimodal therapy may benefit from these
alternative agents.
Myostatin inhibitors are a class of medications that fall under
this category. Myostatin is produced in skeletal muscles to
inhibit muscle growth. If myostatin is inhibited, patients should
be able to gain muscle mass, increase strength, and improve
motor function. As muscle weakness is a hallmark symptom of
SMA, myostatin inhibitors show promise in the management of
patients with SMA. Another mechanism that has been studied
is skeletal muscle troponin activation. The agent reldesemtiv
has been shown to improve muscle function in patients with
SMA through a calcium-sensitizing effect. The result is an
increase in the force of muscular contractions in response to
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nerve activity. Some investigators believe that pyridostigmine,
an acetylcholinesterase inhibitor used in the management of
myasthenia gravis, may offer benefit in SMA. Potential benefits
include possible increased activation and strength in muscles.
Finally, stem cell therapy for SMA has been investigated.
Precise recommendations, therapeutic potential, mechanism of
action, and therapy details regarding this treatment option are
still pending.3

FIGURE 2. MULTIDISCIPLINARY APPROACH TO MANAGING
PATIENTS WITH SPINAL MUSCULAR ATROPHY19

STA R
What economic and psychosocial factors must be
considered when providing care to patients and families
after a diagnosis of SMA is received?

The Effect of SMA on Patients and Families

Traditional management of SMA is associated with significant cost and burden for patients and families, both financially and emotionally. Multiple hospital admissions and
appointments are needed with a variety of specialists for the
management of breathing difficulties, orthopedic specialty
interventions, speech therapy, specialized nutritional care,
and surgeries. Families need to maintain ventilators, feeding
tubes, suction machines, wheelchairs, back braces, and
other resources. Lack of appropriate treatment or interventions could lead to increased patient hospitalizations, with
significant financial burden associated with interventions and
hospitalizations.73
Caregivers and the health care system experience additional
strain to provide continual care for patients with SMA. One
study from 2015 outlined some of the burden families faced
prior to the implementation of DMTs.74 Families reported stress
and psychosocial impact of SMA throughout their experiences.
First, there was the experience of significant diagnostic delays
and the associated frustration from that process. Second, there
was the impact of living with SMA. Families needed to confront
a number of psychosocial issues associated with an SMA diagnosis, such as coming to terms with a premature death and lost
expectations, considering difficult treatments, fear of loss of
function, stress, uncertainty, and helplessness.74 The National
Alliance for Caregiving found that caregivers for children with
rare diseases spend on average 53 hours per week maintaining
their caregiving responsibilities. This demand often requires
caregivers to cut back on working hours, and up to 86% of caregivers for patients with SMA report financial hardship.73
An economic analysis confirmed the cost burden, both inpatient and outpatient, for patients with SMA is significant and
much higher than for healthy counterparts. Patients with infant-
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onset SMA were found to carry the greatest burden as it correlated with their severe disease. Those with child and juvenile
SMA were still found to carry a burden 50-fold higher than their
control counterparts. For patients with the most severe disease,
the primary driver for cost was inpatient admissions for respiratory infections and respiratory failure. For patients with less
severe disease, outpatient expenses, including home health care
services, contributed to cost.73
DMT for SMA is associated with significant financial burden
for patients and families; however, pharmacists can assist with
access to therapies and mitigating costs. Though these therapies
offer new hope for patients and families, their economic value
has been debated. Because the clinical trials for SMA therapies
have limited numbers of patients, extrapolations were required
to conduct economic analyses. Limitations to these extrapolations include variable disease duration in study participants and
heterogenous patient populations. Just 1 economic analysis has
examined the impact of newborn screening for SMA. The cost
of therapy will remain the same for all patients, but those treated
prior to symptom onset may exhibit minimal deterioration or
handicaps in the future.
Access to these therapies is important for caregivers and
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patients with SMA. Cure SMA has made its website easy to
navigate for patients and families seeking treatment. Nusinersen, onasemnogene, and risdiplam all have dedicated pages
on the Cure SMA website. These directories can help patients,
caregivers, and providers navigate some of the logistics associated with these medications. For example, the nusinersen page
provides education materials for pediatric and adult patients,
insurance policies, payer information, and a map tool to find
centers administering nusinersen.75 For onasemnogene, similar
information can be found, including another map tool to
facilitate patient access.76 For risdiplam, payer information and
patient education is available.77 Accredo Specialty Pharmacy is
currently the only specialty pharmacy preparing and shipping
risdiplam to patients.78
STA R
What are the benefits and limitations to each of the
DMTs utilized to treat SMA? What would prompt
selection of one therapy versus another in a specific
patient?

The Role of the Pharmacist in Caring for
Patients With SMA

A multidisciplinary approach is essential to the management
of patients with SMA and is summarized in FIGURE 2. 19 The
pharmacist is a key member of any patient care team managing
novel or complex medication therapies. In 2016, an article
was published discussing many of the key roles a pharmacist
plays in caring for patients with diabetes.79 Many of the key
concepts discussed in this article are applicable to pharmacists
assisting in the management of patients with SMA, such as the
importance of the pharmacist in facilitating and participating in
issues surrounding transitions of care, polypharmacy, financial matters, and patient education. Education to patients with
SMA and their caregivers should include but is not limited to
providing instructions on proper handling and administration
of medications, information and resources on the various SMA
therapies, expected adverse effects of medication therapies, and
expectations of medical care and medication access, as well as
any emerging data as new studies become available.
Handling and Administration
Pharmacists practicing in health systems and specialty pharmacies will need to be aware of the preparation instructions
for the current DMTs. Nusinersen must be stored in the
refrigerator until use. Once ready to use, the medication vial
should be allowed to warm to room temperature without use

of any external warming devices. At the time of preparation,
nusinersen should be examined to ensure no particulates or
discoloration are noted. Each vial is a single-dose vial, and
5 mL should be removed for each dose. Any extra medication
in the vial should be discarded. Nusinersen should be administered within 4 hours of preparation (removal from the vial).
Filter needles are not needed for the preparation of nusinersen. Sedation needs should be determined by the administering provider. Prior to intrathecal injection of nusinersen,
5 mL of cerebrospinal fluid should be removed from the
patient followed by the injection of medication given over 1
to 3 minutes as an intrathecal bolus injection.30
Onasemnogene is available as a kit for the pharmacy. It is
frozen prior to use and must be thawed. Pharmacists have the
option of allowing the kit to thaw over 12 hours in the refrigerator or over 4 hours at room temperature. If thawed within a
refrigerator, the medication should be removed from refrigeration on the day of dosing. Once at room temperature, onasemnogene should be a clear to slightly opaque liquid (color will vary
from colorless to faint white). Onasemnogene should always be
free from particles. Do not shake onasemnogene at any point in
the preparation or delivery process. The medication should be
drawn from the appropriate number of vials into a syringe and
delivered for infusion in a capped, room temperature syringe
to the infusion center. Onasemnogene must be infused within 8
hours of being drawn into the syringe. If a syringe still contains
onasemnogene 8 hours after preparation, both the syringe and
medication should be discarded. Pharmacists should not attempt
to refreeze onasemnogene after the medication has been thawed.
Onasemnogene is administered as a 60-minute intravenous infusion from a syringe.48
Risdiplam is provided to the pharmacy as a powder for reconstitution. During reconstitution of risdiplam, those preparing the
medication should wear gloves and avoid contact with the skin
or mucous membranes. Any skin or eye contact with risdiplam
should result in washing the area thoroughly. To reconstitute
risdiplam, gently tap the bottom of the closed glass bottle to
loosen the powder, remove cap, and pour 79 mL purified water
into the bottle. Recap the bottle and shake for 15 seconds, then
wait 10 minutes. After this time, risdiplam should be a clear
solution. If it is not, shake well again for another 15 seconds.
Once reconstituted, risdiplam has a 64-day expiration. Pharmacists should make note of this on the bottle and inform patients
and caregivers that any unused medication must be discarded
after that date. Upon dispensing, the pharmacy should ensure
appropriately sized oral syringes are provided to the patient
or caregiver.65 Risdiplam should be stored in the refrigerator.
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The medication is removed from the bottle with an oral syringe
and can be administered by mouth, via gastrostomy tube, or via
nasogastric tube. Patients and caregivers should check to ensure
there are no large air bubbles and that the correct amount of
risdiplam has been drawn up prior to administration.
After administration of risdiplam, it is recommended to drink
a small amount of water or flush the tube through which the
medication was given with a small amount of water in order
to ensure all of the medication has been delivered.80 Risdiplam
should be administered once daily after a meal at approximately
the same time every day. If a dose is missed, it is recommended that it be administered as soon as possible if still
within 6 hours of the dose. If outside the 6-hour window, the
dose should be skipped, and the medication should be given at
the regularly scheduled time again the next day. If the patient
vomits a dose or if a dose is not fully swallowed, patients and
caregivers should not administer another dose to make up for
lost medication.65
Multidisciplinary Care and Medication Management
With the advent of DMTs, the need for pharmacist involvement in the care of patients with SMA has only grown. Outside
of the management of DMTs, pharmacists managing patients
with SMA can participate in reviews of complex medication regimens for patients requiring multimodal supportive
care. One aspect where pharmacists can provide oversight is
in the review of medication regimens to ensure appropriate
bowel schedules are created. Pharmacists can also play a role
in the development of nutrition support regimens, including
making recommendations on medication interactions with
formula and feeding schedules, medication compatibility
with feeding tubes, and the provision of total parenteral
nutrition. Guidance on the design of efficacious airway clearance treatments and direction of antibiotic therapies are also
opportunities for clinical pharmacists to be involved in the
care of patients with SMA.
Clinical questions surrounding the use of multiple concurrent
medications for the management of SMA and comparing the
individual SMA agents still exist. Given the variable populations
and time frames of the existing clinical data, direct comparisons
of SMA agents are difficult to make. In clinical practice, many
SMA providers have worked to obtain access to both nusinersen
and onasemnogene for their patients. Each medication has a
unique mechanism of action, and, as previously discussed,
there is the potential for nusinersen therapy to provide additive benefit on top of onasemnogene. Results of the clinical
trial investigating this very question are anticipated, but in the
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meantime, many providers feel as though the potential impact
of dual therapy on neuromuscular function is worth fighting to
provide. As the first oral agent for SMA, risdiplam has promise
to be combined both with SMN DMTs and SMN-independent
therapies. The promise of using risdiplam in combination with
a medication like nusinersen is the enhancement of full-length
SMN expression from combination therapy.81,82 Pharmacists
will continue to play a key role in the oversight of medication
selection, dispensing, administration, and monitoring. Select
considerations are summarized in TABLE 3.30,48,65
As an SMA provider, it is important to tailor therapy to the
individual patient. A neonate with newly diagnosed SMA type
1 is eligible for treatment with onasemnogene and nusinersen.
Most providers would want to initiate therapy as soon as possible
in this patient with one or both therapies. However, this patient
would not be a candidate for risdiplam until older. In contrast, an
adult patient with SMA type 4 who initially presented without
any symptoms could be managed with watchful waiting until
symptoms present. Once symptomatic, this patient would be
a candidate for either nusinersen or risdiplam. Either medication could be selected depending upon the patient’s needs and
preferences. For patients with limited transportation options, or
in whom regular procedural sedation may be a risk, risdiplam
may be the preferred drug. Some providers may consider
fighting for a combination of risdiplam and nusinersen therapy
for their adult patients with SMA symptoms. Each patient will
present in a unique manner, and therapy should be selected to
their exact needs.
Patient Education and Counseling on Special
Considerations
When educating patients and caregivers on the DMTs, each
has their own unique counseling points. For nusinersen, it
is important to educate on the possibilities of thrombocytopenia, coagulation abnormalities, and potential renal toxicities. Monitoring for these AEs will require additional blood
work and laboratory monitoring. Nusinersen also will require
on-site administration, coordination of additional transportation, and possible procedural sedation. Patients and caregivers should be made aware of all of these items.30
For onasemnogene, patients should be educated on the risk
of liver injury and the need for laboratory monitoring. This also
will involve having additional blood work done. Patients should
also be counseled regarding vaccination timing as it pertains to
the steroid requirements with onasemnogene. Adjustments to
vaccination schedules may be necessary, and viral infections
may be more serious during the duration of steroid therapy.
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TABLE 3. CONSIDERATIONS FOR SPINAL MUSCULAR ATROPHY MEDICATIONS30,48,65

Nusinersen

Onasemnogene

Risdiplam

Mechanism

SMN2-directed antisense
oligonucleotide

Adeno-associated virus vectorbased gene therapy

SMN2 splicing modifier

SMA indication

Pediatric and adult patients

Age <2 years with biallelic
mutations in SMN1 gene

Age ≥2 months

Frequency
and route of
administration

Initial loading doses, then
maintenance doses once
every 4 months, administered
intrathecally

Single-dose intravenous
infusion over 60 minutes

Once-daily oral solution

Dosing

12 mg (5 mL) per
administration

1.1 × 1014 vector genomes
(vg)/kg of body weight

2 months to <2 years: 0.2 mg/kg

4 loading doses: 3 doses at
14-day intervals; 4th dose
administered 30 days after the
3rd dose

Provided as customized kit to
meet dosing requirements

Maintenance dose: once every
4 months thereafter
Warnings and
Precautions

Thrombocytopenia and
coagulation abnormalities;
renal toxicity

≥2 years, <20 kg: 0.25 mg/kg
≥2 years, ≥20 kg: 5 mg

Requires systemic
corticosteroids for at least 30
days
Boxed warning: acute serious
liver injury

May cause fetal harm; women of
childbearing age should be educated
on proper handling

Warning and precaution:
thrombocytopenia; elevated
troponin-I
Adverse effects

Later-onset: pyrexia, headache,
vomiting, and back pain

Elevated aminotransferases and
vomiting

Infantile-onset: similar to lateronset, and upper respiratory tract
infection, pneumonia, constipation,
and vomiting

Infantile-onset: lower
respiratory infection and
constipation
Drug interactions

N/A

Later-onset: fever, diarrhea, rash

Patient’s vaccination schedule
may need to be adjusted to
accommodate corticosteroid
administration.

Onasemnogene also carries a risk of thrombocytopenia and
thrombotic microangiopathy. Both of these should be reviewed
with patients and caregivers, and families should be counseled
to seek immediate medical attention if patients experience
unexpected bleeding, bruising, seizures, and diminished urine
output. One important and unique counseling point is that
vector shedding will occur through body waste after administration. Caregivers should be counseled on the proper handling
of patient feces after medication administration, including the
need to wash hands thoroughly and to double-bag any disposable diapers at the time of disposal.48
For patients and caregivers being treated with risdiplam,
pharmacists should educate patients that the medication may
cause fetal harm for women of childbearing age who may come
into contact with the medication. Appropriate handling tech-

Avoid coadministration with drugs
that are substrates of multidrug
and toxin extrusion transporters
(metformin).

niques should be reviewed. Male patients should be advised that
their fertility may be impacted during treatment with risdiplam.
Finally, all patients should be counseled that risdiplam should
be a liquid when obtained from the pharmacy, be administered
with meals or breastfeeding/bottles, and be administered immediately after being drawn up in the oral syringe.65
Coordination of Care
Pharmacists can play an important role in the creation of
appropriate workflows for administration of these medications at their respective practice sites. This includes both the
logistical and financial aspects of utilizing these medications.
For example, with intrathecal administration, nusinersen
requires coordination of many specialties, including pharmacy technicians for medication preparation; anesthesia; and
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lab, operating room, or procedure room staff. Onasemnogene
will require coordination with infusion centers regarding
preparation and administration of the medication. Additionally, continued oversight of appropriate monitoring and use
of these medications is important. Pharmacists have a key
role in ensuring patients meet and receive appropriate laboratory monitoring for continued therapy and that they receive
the necessary supportive care, such as prednisolone treatment
with onasemnogene.48

treatment decisions and algorithms are already being devised.
Pharmacists can play an integral role in the establishment of
access, as well as the initiation, delivery, monitoring, and
administration of these medications.

Interactive Patient Simulation

Impact of COVID-19 Pandemic

The COVID-19 pandemic has impacted many patients with
chronic disease states across the care spectrum, including
patients with SMA. There have been significant challenges
in managing and maintaining the multidisciplinary appointments required for their continued progress. It has been a
significant challenge for patients and families to continue
to coordinate the care required for management of SMA
secondary to appointment restrictions, capacity limitations,
and remote evaluations. Interacting with a physical therapist or neurologist via interactive online portals is often
not the same as an in-person visit. Additionally, for orthopedic procedures or coordination of medication infusions or
intrathecal injections within the hospital setting, there were
temporary restrictions placed on elective procedures in hospitals in early 2020. Those restrictions continued to adjust and
change, but nonemergent care was downgraded to prioritize
the urgency of the pandemic. For pediatric patients requiring
hospital admission, many institutions implemented visitor
restrictions and limitations, which can be emotionally challenging for patients and families alike. For all patients with
chronic diseases, especially those requiring significant respiratory therapy and support, the pandemic has been a source
of fear and emotional distress. Logistically and emotionally,
the COVID-19 pandemic has made managing the care of a
patient with SMA more challenging. Cure SMA has created a
coronavirus information center for further information on the
pandemic and its impact on families of patients with SMA:
https://www.curesma.org/covid19/.

Conclusion

SMA is a group of neurodegenerative diseases that have
significant impact on patients, families, and caregivers. The
burden of SMA spans physical, financial, and psychosocial
spheres. Starting in 2016, DMTs entered the market and have
since changed the trajectory of this disease. Though there is
still a need for clinical trials to compare therapeutic agents,
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This portion of the activity is unique and interactive, as
it simulates real patient cases. Access the simulation at
www.pharmacytimes.org/go/SMA-DMT.
ADDITIONAL RESOURCES

Cure SMA

curesma.org

SMA Foundation

smafoundation.org/about/sma/26852

Together in SMA

togetherinsma.com/en_us/home/
living-with-sma/community.html

Children’s Hospital
of Philadelphia

chop.edu/conditions-diseases/
spinal-muscular-atrophy-sma/healthresources

C.S. Mott
Children’s Hospital

mottchildren.org/conditionstreatments/brain-neurology/spinalmuscular-atrophy
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POSTTEST QUESTIONS
1.

PC is a 3-year-old boy recently diagnosed with spinal
muscular atrophy (SMA). He presented with less severe
disease, with his symptom onset beginning a month
prior. He is able to sit, stand, and walk. He does not
have any feeding, orthopedic, or respiratory complications. He has 4 SMN2 copy numbers, but other patients
with his type of SMA may have 3. Which type of SMA is
most likely associated with PC’s clinical presentation?
A. Type 1
B. Type 2
C. Type 3
D. Type 4

2. PC’s doctor recommends initiating nusinersen. Which
statement is true regarding his new medication?
A. The most common adverse effects in later-onset SMA
are diarrhea and rash.
B. The medication has 5 loading doses and is then administered once every 2 months.
C. The goal of the DEVOTE trial is to determine if a higher
dose of nusinersen will increase efficacy.
D. The dose of the medication is adjusted based on the
patient's weight.
3. An economic analysis found that those with child and
juvenile SMA were found to carry a burden how much
higher than their control counterparts?
A. 5-fold higher
B. 10-fold higher
C. 25-fold higher
D. 50-fold higher
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4. KJ is a 7-day-old infant being seen in the neurology
clinic after a positive newborn screen for SMA. The
neurologist is discussing disease-modifying therapies
(DMTs) for SMA with KJ’s mother and asks the pharmacist in clinic for assistance in explaining the different
DMT agents. When discussing agents for the treatment
of SMA with KJ’s mother, which of the following would
be an important counseling point to discuss?
A. Nusinersen will require intrathecal administration,
appointments in the procedural area, and possibly procedural sedation.
B. KJ will qualify for therapy with oral risdiplam immediately based on his age, but it must be given with an
oral syringe.
C. KJ will have to wait to be able to receive onasemnogene because it is only approved in patients aged 2
months and older.
D. Intrathecal administration of branaplam may be an
option for KJ’s treatment.
5. The pharmacist should recommend and ensure prednisolone or an equivalent systemic corticosteroid is administered 24 hours before a patient receives an infusion of
onasemnogene due to what boxed warning associated
with this medication?
A. Anaphylaxis
B. Pain at the injection site
C. Bronchospasm
D. Acute serious liver injury
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and clinical outcomes in those with TIO and XLH
TARGET AUDIENCE: Specialty pharmacists
ACTIVITY TYPE: Application
RELEASE DATE: April 26, 2021
EXPIRATION DATE: June 15, 2022
ESTIMATED TIME TO COMPLETE ACTIVITY: 2.0 hours
FEE: This lesson is offered for free at www.pharmacytimes.org.

Introduction

X-linked hypophosphatemia (XLH) and
tumor-induced osteomalacia (TIO) are
both designated as rare diseases, or
conditions that affect fewer than 200,000
people in the United States, as defined
by the Orphan Drug Act of 1983. 1,2 Both
XLH and TIO have many similarities
in their signs and symptoms resulting
in skeletal dysfunction. However, their
causes and affected patient populations
are different due to the origin of their
pathophysiology. Whereas XLH is a
genetic disease caused by a defect in the
PHEX gene on the X-chromosome and
affects children throughout their developing stages and adulthood, TIO is oncogenic in nature (also known as oncogenic
osteomalacia) and typically occurs later
in the life of adults with variation in age
of onset. Despite these different disease
mechanisms, the impact of XLH and TIO

on patients warrants attention due to their
significant disability and reduced quality
of life. The substantial effects on patients
begin with the dysregulation of essential
electrolytes calcium and phosphorus. To
fully understand the pathophysiology,
diagnosis, and treatment of XLH and
TIO, it is important to recognize the
vital roles of these elements and their
contributions to the overall homeostasis
and human function. As explored later
in the article, there are currently limited
therapy options for these conditions, and
most of them are not curative. To date,
burosumab (Crysvita) is the only FDAapproved treatment indicated for both
XLH and TIO with a positive clinical
outcome in patient populations.

Epidemiology

XLH is a rare genetic disorder that affects
approximately 1 in 20,000 newborns.3,4 It

Pharmacy Times Continuing Education™ is accredited by the Accreditation Council
for Pharmacy Education (ACPE) as a provider of continuing pharmacy education.
This activity is approved for 2.0 contact hours (0.2 CEU) under the ACPE universal
activity number 0290-0000-21-096-H01-P. The activity is available for CE credit
through June 15, 2022.
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FIGURE 1. METABOLISM OF VITAMIN D18
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DBP, vitamin D-binding protein; FGF23, fibroblast growth factor 23; PTH, parathyroid hormone.
Republished from Obi Y, Hamano T, Isaka Y. Prevalence and prognostic implications of vitamin D deficiency in chronic kidney disease. Dis Markers.
2015;2015:868961, under the Creative Commons Attribution License.

is often referred to as a family of similar diagnoses, which
include vitamin D-deficient rickets, hypophosphatemic
vitamin D-resistant rickets, autosomal dominant hypophosphatemic rickets (HPR), oncogenic rickets, and Fanconi
syndrome. 5 XLH is synonymous to familial X-linked hypophosphatemic vitamin D-refractory rickets, owing to its
genetic origin of pathology. XLH is most often diagnosed in
children aged between 6 months and 2 years when they begin
to grow and are checked by pediatricians during well visits,
but the diagnosis is often delayed.6
TIO is also a rare condition with just an estimated 500 cases
reported worldwide7; however, due to a lack of populationbased epidemiologic studies, the exact prevalence or incidence
rates are unknown and more likely are higher than the current
estimate due to underreporting and misdiagnosis.7-9 Based on
the published literature, most of which are case reports, the
average age at the time of TIO diagnosis is 40 to 45 years, with
the age range of 9 to 61 years7,8,10; however, children as young
as 9 months and 3 years have been reported.7,8,11 TIO specific to
the head and neck region has been reported in about 170 patients
worldwide.12 There are no known risk factors associated with
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sex or ethnicity to date.7,13 TIO is the most common acquired
cause of fibroblast growth factor 23 (FGF23)-mediated hypophosphatemia, and there have been no reports of multiple cases
of TIO within a single family.12
STA R *
Compare and contrast the difference in the pathology
between XLH and TIO. How are they similar and how are
they different?
*S = Stop; T = Think; A = Assess; R = Review

Pathophysiology

To understand the pathophysiology related to XLH and TIO, it
is important to review the delicate homeostasis maintained by
calcium, phosphorus, and vitamin D in the body. Phosphorus
is an important electrolyte that serves critical functions in
the body, and its level can be maintained by consuming a
typical diet comprising dairy products, vegetables, and meat.
Inorganic phosphate (Pi) is involved in critical intracellular
functions, such as regeneration of adenosine triphosphate. In
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the extracellular setting, it is involved in metabolic regulation and balancing of vitamin D, serum calcium, and levels of
the hormones calcitonin, cortisol, and parathyroid hormone
(PTH). 14,15 Normal serum phosphorus levels vary according
to age; however, hypophosphatemia is defined as serum
phosphorus concentrations less than 4 mg/dL in children
younger than 12 years and less than 2.5 mg/dL for adults. 14
Hypophosphatemia can present as acute or chronic, but typically, it does not present with any symptoms until the levels
become close to 1 mg/dL in adults.16,17
FIGURE 1 18 shows the interplay of the serum phosphorus levels
being affected by the liver, kidney, intestine, and bone. As
phosphorus and phosphate are renally excreted, about 85% to
90% is reabsorbed in the proximal renal tubule. This reabsorption can be inhibited by PTH and the active form of vitamin D
(1,25-dihydroxyvitamin D [1,25(OH)2D]; calcitriol) and other
hormones.14,19 Although XLH and TIO have different underlying
causes, their pathophysiology is similarly driven by FGF23.
FGF23 acts at the proximal renal tubule to reduce expression
of the sodium phosphate cotransporters NaPi2a and NaPi2c,
causing decreased tubular reabsorption of phosphate (TRP).20
Additionally, FGF23 inhibits expression of 25-hydroxyvitamin
D3 1α-hydroxylase in the proximal tubules, leading to insufficient levels of 1,25(OH)2D and reduced intestinal phosphate
and calcium absorption.20,21 Rickets, which is a common disease
worldwide, occurs due to insufficient amounts of either vitamin
D or phosphorus to support the mineralization of bone, as
shown in FIGURE 2.22
In XLH, mutations on the gene that codes for PHEX result in
overproduction of FGF23 by the osteocyte/osteoblast. Because
FGF23 regulates circulating phosphate levels by reducing renal
TRP and inhibiting renal vitamin D production, unregulated
levels of FGF23 result in excess phosphate excretion from the
kidney as well as decreased synthesis of 1,25(OH)2D3, which
reduces active phosphate absorption in the gastrointestinal
(GI) tract.20 Subsequently, this cascade leads to hypophosphatemia, rickets, osteomalacia, and, frequently, secondary
hyperparathyroidism. In TIO, small endocrine tumors overproduce FGF23, which acts at the proximal renal tubule to inhibit
phosphate reabsorption and 1α-hydroxylation of 1,25(OH)2D.
Subsequently, this inhibition leads to hypophosphatemia
and osteomalacia.7-9
STA R
What are similar signs and symptoms in clinical
presentation and diagnosis between XLH and TIO? How
are they differentiated in diagnosis?

FIGURE 2. CHANGES IN BONE STRUCTURE SEEN IN PATIENTS
WITH RICKETS OR OSTEOMALACIA22

Clinical Presentation

Generally, people do not exhibit acute symptoms of XLH
or TIO; however, individuals living with chronic sequelae
of XLH and TIO experience profound disability and healthrelated issues. Clinical presentation for those with XLH
includes chronic fractures, musculoskeletal abnormalities,
bone pain and weakness, dental issues and abnormal tooth
development, hyperparathyroidism, and renal disease.14
Due to its genetic and chronic nature, patients with XLH may
experience a wide range of symptoms based on the severity of
the condition. These symptoms may not always be specific to
hypophosphatemia as the name implies. Typically, XLH results
in rickets, osteomalacia, and growth retardation, especially for
children. In many cases, symptoms become apparent within the
first 18 months of life when a child begins to bear weight on
the legs.4,23-25 The growth rate is slow in the first year of life,
and patients either do not begin walking or walk later than the
normal children. The most prominent clinical feature of XLH
is bowing deformities of the legs (FIGURE 326), medial tibial
torsion (widened legs arching out on the knees), and short stature
demonstrating structural deformity. When walking, the patient’s
gait is unstable and they experience joint or muscle pain and
show weakness or fatigue. Some patients may also present with
pain flaring of wrists or ribs at the diaphragm, fractures, skull
deformity, osteopenia, or scoliosis. Because of this early-stage
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FIGURE 3. X-RAY IMAGE OF LEGS OF 2-YEAR-9-MONTH OLD
GIRL WITH SPORADIC HYPOPHOSPHATEMIC RICKETS WITH PHEX
GENE MUTATION26
(A)

(B)

(A) Initial radiological exam shows severe symmetric shortening and deformation of both legs.
(B) At the 22-month follow-up, radiologic finding still shows widening of the
proximal tibial metaphysis with medial bowing.
Figure republished from Cheon CK, et al. A novel de novo mutation within
PHEX gene in a young girl with hypophosphatemic rickets and review of literature. Ann Pediatr Endocrinol Metab. 2014;19(1):36-41, under the terms of the
Creative Commons Attribution Non-Commercial License.

presentation of bone-related symptoms, XLH is often misdiagnosed as rickets of vitamin D deﬁciency; however, supplemental
treatment with vitamin D does not cure the symptoms and may
cause other complications if not managed carefully.6,14
Because PHEX is also expressed in teeth, symptoms of XLH
include dental abscesses and pain as well as abnormal dental
development. In some cases, symptoms of XLH do not begin
to develop until adulthood, and these may include joint pain
and impaired mobility from enthesopathy (calciﬁcation of the
tendons, ligaments, and joint capsules), tooth abscesses, and
hearing loss.23,25 In adults, hearing impairment and arthritis are
common results of bone abnormalities.24,27,28 Some patients may
experience mild to severe sensorineural hearing loss, which
typically affects low- and high-frequency sounds. Some patients
may complain of tinnitus and vertigo associated with lowfrequency hearing loss.15,29
The symptoms of TIO are also nonspeciﬁc and typically
resemble those of chronic hypophosphatemia, including bone
pain, weakness, and fractures.8,30 These nonspeciﬁc symptoms
often lead to misdiagnosis with other skeletal, rheumatologic, or
neuropsychiatric conditions, and frequently delay early detection and diagnosis of TIO.31 This delayed diagnosis often causes
severe disability, including thoracic and spinal deformity, and
signiﬁcantly decreased quality of life.8 Because TIO is not a
genetic disorder, patients do not have a family history of hypophosphatemia or bone disorders and have more acute and severe
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symptoms compared with other hypophosphatemic conditions,
such as XLH.20 Most patients experience chronic, progressive
muscle and bone pain, weakness, and fatigue with or without a
bone fracture, and it may take as long as 2.5 years from onset
of symptoms to TIO diagnosis.20 Because of renal phosphate
wasting coupled with inhibited calcitriol production, patients
develop poor bone mineralization and subsequent fractures.20
Patients’ height may decrease due to vertebral fractures, and
they may experience multiple fractures at the ribs, femur, and
pelvis, which are associated with a signiﬁcant morbidity.32 Pediatric patients with TIO typically present with growth retardation,
gait disturbances, and rickets, and they are often misdiagnosed
as having XLH. In contrast with XLH, patients with TIO show
symptoms of weakness, pain, and fractures that are more acute
and severe with rapid progression to disability. Stress fractures
are a more prominent feature of TIO, whereas lower-extremity
deformity and short stature are symptoms of XLH.20

Diagnosis
The diagnosis of XLH is initially based on symptoms and
confirmed with hypophosphatemia and/or by identification
of a PHEX mutation. In XLH, the PHEX gene occurs in about
85% to 90% of patients.6 Because the mutation is dominant
(1 mutant gene is sufficient to produce the condition), it can
occur in both males and females. Girls born to a father with
XLH are certain to have XLH.4 XLH is sometimes diagnosed
before phenotypic expression in individuals who have family
members with the disease. XLH is a rare condition, leaving
its diagnosis and treatment to often be delayed, which has
an unfavorable effect on patient outcomes.33 It may not be
diagnosed or suspected until other causes of hypophosphatemia (eg, vitamin-dependent hypophosphatemia) are ruled
out. Specific factors measured for the diagnosis include a
slow growth rate and obvious bowing of the legs or other
skeletal abnormalities, low levels of phosphate and elevated
levels of FGF23 in the blood, lack of response of phosphate
levels to vitamin D treatment, and phosphate wasting in the
kidneys. To confirm the diagnosis by demonstrating renal
wasting of phosphate, a 2-hour fasting urine specimen with
a midpoint blood sample is used to calculate the percentage
of TRP and to determine the tubular threshold maximum for
phosphate (TmP).27 Genetic testing for XLH is available and
may confirm the diagnosis if a mutation is identified, but it is
not required for the diagnosis.24,25,27
TIO is often misdiagnosed due to its nonspeciﬁc clinical
presentation in other forms of rickets. Measuring serum phosphorus level is not a routine standard practice unless rickets is
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suspected, and tumors can be small, slow growing, and usually
difficult to detect.20 Based on an analysis of 144 cases of TIO,
the most common differential diagnoses of TIO misdiagnosis
were intervertebral disc herniation, spondyloarthritis, and osteoporosis, and the average time to correct diagnosis of TIO was
2.9 years (±2.3 years) with a mean duration from onset of
symptoms to resection of tumor of 5.4 years (±4.2 years).31
Once laboratory finding confirms hypophosphatemia and renal
phosphate wasting, a detailed family history of HPR is obtained
to rule out XLH or other genetic causes.8,32 Locating and
resecting tumors is the next challenging step because they can
arise in bone or soft tissue in the entire body; thus, functional
imaging studies such as 18F-dotatate-PET-CT or ¹¹¹In-DTPAoctreotide-PET-CT are recommended first, followed by
anatomical imaging with computed tomography and magnetic
resonance imaging.32 Functional imaging is done to scan the
bone for radiographic detection of osteomalacia, including
generalized osteopenia and fractures.20,21 If imaging is not able
to locate tumors and further confirmation is necessary, selective venous sampling can be used to confirm FGF23 secretion
and locate tumors.7,32

Management

Therapeutic goals in patients with XLH vary by age at diagnosis and the overall severity of the condition. For most
patients diagnosed when children, effective therapies are
critical in attaining a relatively normal height in adulthood
and avoiding complications of the disease. In adults with
XLH, treatment is directed at reducing pain symptoms and
the extent of osteomalacia.6,27
Conventional Therapy
Currently, there is no published guideline on specifically
managing XLH or TIO. For the prevention of rickets and
osteomalacia, the Global Consensus Recommendations on
Prevention and Management of Nutritional Rickets recommends 400 International Units (IU)/day (10 μg) of vitamin
D for all infants from birth to 12 months of age, independent of their mode of feeding.34 For treatment of nutritional
rickets, the minimal recommended dose of vitamin D is 2000
IU/day (50 μg) for a minimum of 3 months.34 Oral calcium,
500 mg/day, either as dietary intake or supplement, should
be routinely used in conjunction with vitamin D in the treatment, regardless of age or weight. According to the American Society for Parenteral and Enteral Nutrition’s clinical
guidelines published in 2013, to prevent congenital vitamin
D deficiency in children, pregnant women should be screened

for vitamin D deficiency and given supplementation if deficient.34,35 Vitamin D supplementation is recommended for
healthy, breastfed infants and those with malnutrition and/or
rickets (weak evidence). Optimal dose, route, and duration of
supplementation were not specifically mentioned due to lack
of strong evidence.
For XLH, the initial treatment focuses on maintaining
adequate levels of phosphate and vitamin D, usually in early
childhood. Active vitamin D (calcitriol; 1,25(OH)2D) increases
calcium and phosphorus absorption and increases mineralization of the bone indirectly via increased calcium absorption in
intestinal lumen.33,36 It is important to treat patients with both
phosphate and vitamin D because treatment with phosphate
alone increases the risk for secondary hyperparathyroidism.27
Although treatment with phosphate and calcitriol meets some
of these objectives, it often leads to considerable adverse effects
(AEs) that often limit long-term adherence to the therapy. Due
to its rapid absorption in the small intestinal tract and renal
excretion, oral phosphate needs to be administered 3 to 4
times daily. Despite this frequent dosing, it is difficult to attain
stable serum phosphate concentration from the oral therapy.37
Typically, treatment is continued through adolescence in mild
cases or through adulthood in most cases. Though conventional
therapy can help manage bone pain, children with XLH can
still develop substantial lower limb deformity and often have
short stature.38 As these treatments do not address the underlying
cause of reduced phosphate reabsorption, their use is limited by
AEs such as hypercalcemia, elevated PTH, and nephrocalcinosis. However, maintenance treatment has been shown to slow
progression of bowing, promote growth, progressively correct
leg deformities, facilitate tooth mineralization, and reduce the
need for corrective surgery.4,15
Children With XLH
The goal of treatment is to diminish the severity of the bone
abnormalities (rickets and osteomalacia), improve growth
velocity (within 1 year) and physical activity, decrease bone
or joint pain (response expected within a few weeks), and
straighten the legs (3-4 years).15 The treatment focuses on
maintaining adequate levels of phosphate and vitamin D
through supplementation with oral phosphate administered 3
to 5 times daily and high-dose calcitriol.27
Oral Phosphate Salts and Vitamin D

Whereas the dose for phosphate supplementation varies
depending on the severity of the disease and developmental
stage of the patient, a typical dose for infants is 55 to 70

P HA R M ACYT I MES.ORG
M AY 2 0 2 1

53

mg/kg/day divided in 3 to 5 doses, with a typical starting
dose of elemental phosphorus of 40 mg/kg/day. A nighttime dose in addition to the daytime dose is recommended
to achieve satisfactory results. The dose can be increased if
there is no improvement in the growth within the first year
of therapy, considering the age, weight, and clinical presentation. For adolescents in puberty, the dose is 35 to 50 mg/
kg/day divided in 3 doses per day. 15,27 As an active form of
vitamin D, calcitriol is administered at 20 to 30 ng/kg/day
given in 2 to 3 divided doses to 50 to 70 ng/kg/day, up to a
maximum dose of 3 μg daily with the phosphate.15,27 Of note,
the use of calcitriol does not correct renal phosphate wasting
in patients with XLH.39
Growth Hormone

As adjunctive therapy, growth hormone (GH) has been used
to increase the growth rate in children. However, there is no
adequately controlled evidence to support its use to improve
adult height in a typical population with XLH. Reports of
the long-term outcomes of using GH have not been consistent and include cases of increased serum alkaline phosphatase (ALP) activity and worsening of leg deformities.27,38,40,41
Other limitations of GH are its cost and AEs.

synostosis secondary to HPR is suspected, the patient should
be referred to a craniofacial specialist for further evaluation.42
Adults With XLH
The goal of treatment should focus on resolving symptoms,
such as pain, decreasing the extent of osteomalacia, and
improving compromised function and mobility.27 Patients
who were diagnosed and treated when children often need
to continue treatment in adulthood. As in children, the firstline agents for XLH in adults are phosphate supplements and
calcitriol.27 Adherence to the therapy is a challenge because
the effects of XLH are not as prominent in adulthood as they
are in developmental stages, and patients may not recognize
the therapeutic benefits of treatment.15 Phosphate wasting in
XLH persists chronically in their lifetime; thus, patients can
still benefit from treatment. However, enthesopathy leading
to spinal cord compression and pain does not improve with
treatment. Treatment may be stopped after symptoms resolve
and restarted if symptoms recur. Because symptom resolution
is the therapeutic goal for adult patients, treatment should
be discontinued if symptoms do not improve within 1 year.27
Of note, asymptomatic patients may experience more harm
than benefit from continued therapy, and treatment should
be preferentially considered for patients with symptoms.15,27

Dental Care

Caring for teeth of patients with XLH remains a challenge
with dental and periodontal complications. Rigorous dental
hygiene is necessary, including brushing 2 to 3 times daily
and having regular dental hygienist visits. If necessary,
sealant application to the enamel of the teeth and periodic
dental procedures may be performed for dental abscesses that
may occur in children.15
Surgery

In children younger than 6 years, corrective surgeries are
not routinely performed because medical therapy typically manages bone deformities during this developmental
stage.27 However, for children whose diagnosis is delayed or
whose initial treatment is not successful, osteotomy can be
considered to align severely distorted legs. Surgical therapy
with the least invasive modality can be considered in children who have not yet completed their full growth velocity.
However, it is associated with potential for prematurely stopping growth. 15,25 Newer and less-invasive approaches include
epiphysiodesis, which induces corrective differential growth
of the growth plate.27 If the patient presents with increased
intracranial pressure, headache, or papilledema and cranio-

54

P HARMACY T I ME S . OR G
MAY 2021

Oral Phosphate Salts and Calcitriol

During the first week before phosphate therapy, calcitriol
is given at a dose of 0.5 to 0.75 μg/day in 2 divided doses
for patients with normal calcium levels and normal or
mildly elevated serum PTH.27 After 1 week of treatment
with calcitriol, daily elemental phosphorus 250 mg should
be started and titrated every 4 days to 750 mg to 1000 mg
of elemental phosphorus.27 No evidence-based recommendations exist for using phosphate and calcitriol in pregnant
women with XLH. Typically, if a woman with XLH is on
an active maintenance therapy at the time of conception, she
should continue the treatment through the pregnancy and be
monitored for hypercalciuria.25 In patients with hyperparathyroidism, particularly those with rising serum PTH and
ALP levels, cinacalcet, a calcium-sensing receptor agonist,
can be used to normalize the serum PTH level. The initial
dose is 30 mg at bedtime, with a maximum dose of 60 mg at
bedtime. However, some patients may experience refractory
hyperparathyroidism.27,43
Dental Care and Sensorineural Issues

As in children, adults with XLH are susceptible to recurrent
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dental diseases and abscesses, which can result in numerous
dental procedures and tooth extractions and lead to premature loss of permanent teeth. Thorough and consistent oral
hygiene with flossing and regular dental care, such as fluoride
treatments, is necessary to prevent dental issues. Currently,
no specific therapy has been demonstrated to prevent dental
complications.27 Patients may also experience hearing loss,
tinnitus, or vertigo. These conditions should be managed
with a referral to a specialist for hearing tests, hearing aids,
and vibrotactile devices.25
Surgery

Surgery may be required for some patients who continue to
experience persistent lower-limb bowing and torsions despite
medical treatment. In older children of post-pubertal age or
adults, surgical procedures may include joint replacement,
especially of the knee or hip. Some patients with degenerative joint disease and enthesopathy may require a total hip
and knee arthroplasty. Patients should begin phosphate and
calcitriol supplementation 3 to 6 months before the surgical
procedure and continue it for 6 to 9 months after.27
TIO
The goal of treatment is to improve the symptoms of osteomalacia, promote fracture healing, and decrease the number
of future surgeries.44 In contrast to genetic forms of FGF23mediated hypophosphatemia, the gold standard treatment for
TIO is resection of the tumor with a wide margin to ensure
complete removal.32 Surgical removal of the phosphaturic
mesenchymal tumor is almost always curative and leads to
rapid improvement of symptoms with the return of normal
serum phosphate level within 5 days from the surgery, with
a range of 2 to 10 days.32 In less than 5% of the cases, late
recurrence may occur due to metastasis, with the lungs
being a common site. Radiofrequency ablation is a potential
treatment option for patients who are not willing or qualified to undergo surgeries, or it may be added as an adjuvant
therapy when the margins of tumors cannot be guaranteed
to avoid recurrence.13,32 Case reports of successful treatment
with ablative therapy have been reported; it is less invasive
compared with surgery and renders fewer AEs compared
with medical therapy.13
If the tumor cannot be located or if complete resection is not
feasible, medical therapy with phosphate plus calcitriol supplementation is provided. The goals of treatment are to increase
serum phosphate levels, improve symptoms, and normalize
the serum ALP levels.13 The treatment regimen consists of oral

phosphate supplementation (15-60 mg/kg/day of elemental
phosphate divided into 4-6 doses) in combination with calcitriol,
with a typical starting dose of 1.5 μg/day for adults.32 A variety
of phosphorus supplements are available to manage GI AEs of
treatment. Initially, relatively high doses of active vitamin D may
be required to maintain PTH in the normal range and to avoid
secondary hyperparathyroidism. Lower amounts of calcitriol are
needed as treatment progresses and bone healing occurs.32 Overtreatment with active vitamin D can lead to hypercalciuria and
may require 24-hour urinary calcium collections to evaluate the
degree of calciuria and prevent nephrocalcinosis and nephrolithiasis.13,32 Secondary hyperparathyroidism may also develop as
a consequence of phosphate supplementation. Patients should
be monitored for serum calcium and phosphate, PTH, ALP,
renal function, and urinary calcium every 3 to 6 months.32
As in XLH, adjuvant therapy with cinacalcet has shown
some benefit in patients whose elevated FGF23 was unable to
normalize serum phosphate in the absence of PTH, as FGF23 is
PTH dependent.13,32 Cinacalcet decreases PTH levels, causing
decreased FGF23 action and resulting in increased TRP and
serum phosphate. This consequently decreases supplemental
phosphate and calcitriol requirements.13,32 However, hypercalciuria can develop and requires frequent monitoring of urinary
calcium and addition of thiazide diuretics in some cases.44
Octreotide, a somatostatin analog, has been suggested as a
therapeutic option; however, most evidence demonstrates a lack
of efficacy in TIO.13,32
STA R
What are some of the complications that arise from
supplemental therapy with oral phosphorus and calcitriol
for HPR such as XLH and TIO?

Complications of Medical Treatment
The major complications from long-term treatment with
phosphate and calcitriol supplementation include GI AEs and
the risk of metabolic and endocrine abnormalities, such as
hypercalcemia, hypercalciuria, nephrolithiasis, nephrocalcinosis, hyperparathyroidism, and possibly chronic kidney
disease.27,45 GI AEs, such as abdominal pain or diarrhea,
can be minimized with a careful titration to the tolerable
dosage, and most patients tolerate target doses.27 Hyperparathyroidism may occur at any time in the course of XLH,
primarily because of PTH stimulation from high doses of
phosphorus (>50 mg/kg/day). If secondary hyperparathyroidism persists for a long period of time, it can damage
normal parathyroid function and potentially result in tertiary
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hyperparathyroidism.46 Tertiary hyperparathyroidism is not
very common but is a significant health risk for intense
bone resorption, nephrocalcinosis, and renal insufficiency.
Contributory factors to the progression of tertiary hyperparathyroidism include early age of initial treatment, duration of
treatment, high doses of elemental phosphorus, and very high
PTH levels (≈400 pg/mL).45,46 Active vitamin D can increase
the risk for hypercalcemia, hypercalciuria (urinary calcium
concentration >4 mg/kg/day or calcium/creatinine ratio >0.7
in the first year of life or above 0.3 after 1 year), and nephrocalcinosis if calcitriol is used unopposed or if the patient’s
serum concentration is high.25,27,45,46 Nephrocalcinosis is diagnosed based on renal ultrasonography and is present in up to
80% of patients with XLH. As it can develop from an excessive calcitriol dose or from nonadherence with oral phosphate supplementation, careful surveillance of serum and
urine calcium is necessary to minimize nephrocalcinosis.45,46
The dose of calcitriol should be reduced when hypercalcemia
or hypercalciuria occurs. Alternatively, administration of
thiazide diuretics with or without amiloride can arrest the
progression of nephrocalcinosis.44,45
STA R
For which patient populations is burosumab an
appropriate treatment option?

Emerging Treatment

The only FDA-approved treatment for XLH and TIO to date
is burosumab. It is indicated for the treatment of XLH in
adult and pediatric patients aged 6 months and older and the
treatment of FGF23-related hypophosphatemia in TIO associated with phosphaturic mesenchymal tumors that cannot
be curatively resected or localized in adult and pediatric
patients 2 years and older.47 It was originally approved for
XLH in 2018 and received an additional approval for TIO
in 2020. Burosumab is a human recombinant immunoglobulin G1 monoclonal antibody that binds to and inhibits
the biological activity of FGF23, thereby restoring renal
phosphate reabsorption and increasing serum concentration
of 1,25(OH) 2D3. It also works by inhibiting downstream
FGF23 signaling or competing with FGF23 receptors.15 At
the time of this writing, the ClinicalTrials.gov registry lists
19 active, completed, or future studies with burosumab in
the United States and abroad, including 13 focused on pediatric patients and 2 on the treatment of TIO.48 The British
Paediatric and Adolescent Bone Group published a guide-
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line specifically recommending burosumab for pediatric
patients who are either treatment naïve or who have used
conventional therapy.49
The clinical efficacy and safety of burosumab have been
demonstrated via 5 clinical trials, 2 in pediatric patients and
3 in adults. The TABLE28,50-57 describes the details of each trial,
including inclusion and exclusion criteria, patient characteristics, and efficacy and safety outcomes. The primary end
points for pediatric patients were mainly the changes in the
Thacher rickets severity score (RSS), serum Pi levels, radiologic changes, and height improvement; for adults, serum Pi
levels and pain associated with osteomalacia were studied.
All of the end points demonstrated improvement from the
baseline with either a 2-week or 4-week treatment with burosumab. Overall, burosumab was well tolerated, with the most
frequent AEs being injection-site reaction, vomiting, and headache for children and back pain, headache, and tooth infection
for adults.
While burosumab may be helpful for patients with XLH, it
should be used as a therapy for those who do not achieve an
adequate level of serum phosphate levels with oral phosphate
salts, calcium, and vitamin D supplementation. The exact place
in therapy for burosumab is still unclear; however, because it is
a more specific treatment for the underlying defect, burosumab
could emerge as a preferred agent as clinical experience accumulates for its use in pediatric and adult patients with XLH.
An important question to be addressed is whether early treatment can change the clinical course of this lifelong condition.
When considering burosumab for patients with XLH, it should
not be initiated in conjunction with oral phosphate and vitamin
D supplementation, if serum phosphorus is within or above the
normal range for age, or in patients with severe renal impairment or end-stage renal disease.
For children, the starting dose of burosumab is 0.8 mg/kg
rounded to the nearest 10 mg, administered subcutaneously
every 2 weeks. The minimum starting dose is 10 mg up to a
maximum dose of 90 mg. Doses may be titrated based on
periodic monitoring up to about 2 mg/kg or the maximum
dose to achieve normal serum phosphorus level. For adults,
the dose is 1 mg/kg rounded to the nearest 10 mg, administered subcutaneously every 4 weeks.47 About 25% of pediatric
patients experienced AEs including headache, injection-site
reaction, vomiting, pyrexia, or pain in extremity. About 5%
of adult patients reported back pain, headache, tooth infection, restless legs syndrome (RLS), decreased vitamin D
level, dizziness, constipation, muscle spasms, and increased
phosphorus levels.47
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TABLE. CLINICAL TRIALS INVESTIGATING THE EFFICACY AND SAFETY OF BUROSUMAB28,50-57

First author, year
of publication

Study Design

Carpenter et al.
2014

• Randomized,

Imel et al. 2015

Participants, Inclusion/
Exclusion
Not reported.

placebocontrolled,
open-label study
for patients
with XLH given
escalated doses
of burosumab
0.003-0.3 mg/kg
IV or 0.1-1 mg/kg
SC weekly for up
to 50 days
• Primary outcome:
comparing IV and
SC for safety and
tolerability
• Secondary
outcomes
included PK/PD,
immunogenicity

• Open-label, phase • Inclusion: age ≥18

1 and phase 2,
years, clinical diagnosis
sequential studies
of XLH, TmP/GFR <2.0
at 6 sites, given
mg/dL, CrCl ≥60 mL/
burosumab
min, serum Ca <10.8
injection SC every
mg/dL, and serum
28 days for 4
intact FGF23 >30 pg/
doses and over 1
mL
year (extension)
• Exclusion: pregnancy
thereafter
or lactation, major
• Outcomes:
surgery, or receipt
proportion of
of live vaccine or
patients attaining
monoclonal antibody
normal serum Pi;
products within
safety
3 months before
screening

Results (Patient
Demographics)

Results (Study
Outcomes)

• Mean age 38-48 years

• No significant

•
•
•
•
•
•
•
•
•
•

among the 4 groups (N
= 38); 15/38 were men,
36/38 were White
IV group (n = 22):
TmP/GFR = 1.38 ± 0.54
mg/dL,
Pi = 1.7 ± 0.3 mg/dL,
SCr = 0.6 ± 0.1 mg/dL,
Ca = 9.1 ± 0.5 mg/dL,
iPTH = 76 ± 29 mg/dL
SC group (n = 16): TmP/
GFR = 1.59 ± 0.33 mg/dL,
Pi = 1.9 ± 0.5 mg/dL,
SCr = 0.7 ± 0.2 mg/dL,
Ca = 9.0 ± 0.3 mg/dL,
iPTH = 76 ± 46 mg/dL

• Mean age 41.9 years

(range, 19-66); 26/28
received 4 doses and 19/28
received all 16 doses.
• Baseline values for the 22
participants entering the
extension were similar to
those for the entire cohort.
• Mean ± SD baseline serum
Pi and TmP/GFR were
below the normal range.
• Mean serum 1,25(OH)2D
was normal; median serum
FGF23 was elevated.

increase was found
in nephrocalcinosis,
hypercalciuria,
hypercalcemia, antiburosumab antibodies,
serum iPTH, or
creatinine.
• Burosumab significantly
increased TmP/GFR,
serum Pi, and 1,25(OH)2D
compared with placebo
(P <.01). Maximum
serum Pi occurred later
following SC dosing
(8-15 days) compared
with IV (0.5-4.0 days).
• Changes from baseline
in TmP/GFR, serum Pi,
and serum 1,25(OH)2D
correlated with
serum burosumab
concentrations.

• All post-dose Pi from

doses 2 to 16, including
troughs, were greater
than baseline (P <.05);
25%-42.9% of patients
maintained a normal Pi.
• TmP/GFR and peak
1,25(OH)2D3 greater than
baseline (P <.05)
• Transient hypercalcemia
(Ca >10.5 mg/dL)
occurred in 2 patients;
hypercalciuria occurred
in 5 patients.
• AEs included
arthralgia, back pain,
nasopharyngitis,
extremity pain, sinusitis,
upper respiratory
infection, injection-site
reaction, RLS, diarrhea,
headache, dizziness.

1,25(OH)2D3, 1,25-dihydroxyvitamin D3; 6MWD, 6-minute walk test; ADE, adverse drug event; AE, adverse effect; ALP, serum alkaline phosphatase level; BPI, brief pain inventory; Ca, calcium; CrCl, creatinine clearance; CSHS, cutaneous skeletal hypophosphatemia syndrome; GFR, glomerular filtration rate; GH, growth hormone; iPTH, intact
serum parathyroid hormone; IV, intravenous; LLN, lower limit of normal; Pi, serum inorganic phosphorus; PP, per-protocol; PTH, parathyroid hormone; RGI-C, radiographic
global impression of change; RLS, restless legs syndrome; RSS, Thacher rickets severity score; SC, subcutaneous; TIO, tumor-induced osteomalacia; TmP, renal tubular
maximum reabsorption rate of phosphate; TRP, tubular reabsorption of phosphate; ULN, upper limit of normal; XLH, X-linked hypophosphatemia.
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TABLE. CLINICAL TRIALS INVESTIGATING THE EFFICACY AND SAFETY OF BUROSUMAB28,50-57 (continued)

Insogna et al.
• Randomized,
2018; Portale et al.
double-blind,
2019
placebocontrolled, phase
3 trial at 25
centers in the
United States,
France, United
Kingdom, Ireland,
Italy, Japan, and
South Korea,
given burosumab
or placebo SC
every 4 weeks
for 24 weeks,
maximum of 90
mg
• Outcomes:
number of
patients
achieving Pi
above LLN (2.5
mg/dL), pain

Carpenter et al.
2018

58

• Randomized,

open-label,
parallel-group,
phase 2 over
64 weeks, given
burosumab SC
every 2 or 4
weeks; doses
were adjusted to
Pi levels
• Primary
outcomes:
changes in the
RSS, RGI-C
• Secondary
outcomes:
changes in
TmP, Pi levels,
ALP, height
change, physical
ability with the
6MWD, pain
and functional
disability, ADEs
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• Inclusion: age 18-65

• Baseline characteristics

• Significantly more

• Inclusion: children

• All 52 patients received 64

• Mean RSS total

years with XLH; serum
intact FGF23 (iFGF23)
level >30 pg/mL; Pi
<2.5 mg/dL; TmP/
GFR of <2.5 mg/dL;
presence of skeletal
pain attributed to XLH/
osteomalacia
• Key exclusion criteria:
corrected serum
Ca 10.8 mg/dL (2.7
mmol/L), serum iPTH
≥2.5-fold ULN, and/
or use of medication
to suppress iPTH
within 60 days
before screening;
recent history (6
months) of traumatic
fracture or orthopedic
surgery. Participants
receiving therapies
affecting phosphorus
metabolism (eg, oral
phosphate, active
vitamin D metabolites,
or analogs) could
enroll only after a
washout period of at
least 2 weeks.
aged 5-12 years with
XLH; active rickets at
growth plates, bowing
of the femur or tibia, or
both; fasting Pi of ≤2.8
mg/dL; standing height
<50th percentile
• Exclusion: use of
vitamin D analogs
within 14 days before
screening; use of
oral phosphate
supplements,
antacids, systemic
glucocorticoids, or
thiazide diuretics
within 7 days before
screening; use of
GH within 3 months
before screening;
nephrocalcinosis
grade ≥3 as
assessed by renal
ultrasonography;
hypocalcemia or
hypercalcemia; tertiary
hyperparathyroidism

were similar between the 2
groups (N = 134)
• Mean age 40 years (range,
19-66 years); 35% of
participants were men.
• Most participants had
severe pain (71.6%; BPI
worst pain >6.0) and most
were using analgesics
(67.9%), including opioids
(22.4%).
• Oral phosphate and
calcitriol treatment were
not allowed during the
study.

weeks of treatment every
2 weeks (0.1 mg/kg) or
every 4 weeks (0.2 kg/mg)
during a 16-week doseescalation and 48-week
treatment period.
• Mean age 8.5 years (SD 1.9
year); 46% were men, 88%
were White. Mean dose
of burosumab at week
40 was 0.98 mg/kg with
every-2-week dosing and
1.50 mg/kg with every-4week dosing.
• Baseline characteristics
were similar between the
2 groups; patients had
persistent rickets, bowing
of the femur or tibia, or
both, short stature; 96%
received previous therapy
for XLH for a mean of 6.9
years; 94% of patients had
active rickets at growth
plate sites.

patients from the
burosumab group
achieved Pi levels above
LLN (8% vs 94%) and a
higher rate of complete
fracture healing vs
placebo group at week
24.
• A greater percentage
of participants in the
burosumab group
than in the placebo
group (67.6% vs 6.1%)
maintained a mean
Pi above the LLN just
before the next dose.
• 6/68 new fractures
or pseudofractures
appeared with
burosumab compared
with 8/66 patients in the
placebo group.
• No significant difference
in pain and no serious
treatment-related AEs.

decreased at week 40
(P <.001) for both
groups) until week 64.
• Mean Pi increased after
the first dose in both
groups, and stable Pi
levels were maintained
through week 64. Renal
TRP increased from
baseline in both groups,
with an overall mean
increase of 0.98 mg/dL.
• The mean standingheight Z-score increased
in both groups.
• All AEs reported were
mild or moderate in
severity, except a tooth
abscess (n = 1) and
a rash (n = 1); 65%
(2-week dosing) and
50% (4-week dosing)
had an injection-site
reaction; other reactions
included headache (n
= 26), cough (n = 23),
nasopharyngitis (n = 21),
and pain in arm or leg
(n = 21).
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TABLE. CLINICAL TRIALS INVESTIGATING THE EFFICACY AND SAFETY OF BUROSUMAB28,50-57 (continued)

Whyte et al. 2019

• Children with

• Key inclusion criteria:

• 13 patients received ≥40

• Increased mean (SD) Pi

• Randomized,

• Inclusion: fasting

• 32 (18 girls, 14 boys) with

• At week 40, patients

XLH aged
between 1 and 4
years, open-label,
single-group,
given burosumab
0.8 mg/kg
injection SC every
2 weeks for 160
weeks
• Outcomes:
change in Pi
from baseline to
week 40; RSS;
RGI-C; number of
children with AEs

Imel et al. 2019

active-controlled,
open-label,
phase 3 trial at
16 clinical sites
globally, children
aged 1-12 years
with XLH, given
burosumab 0.8
mg/kg every
2 weeks or
conventional
therapy for 64
weeks
• Outcome: change
in rickets severity
at week 40 and
at week 64,
using RGI-C, RSS,
changes in length
and height,
growth velocity,
Pi, TmP/GFR,
6MWD, ADEs

age 1-4 years at the
time of informed
consent; fasting
serum phosphorus
concentration of <0.97
mmol/L (3.0 mg/dL);
serum creatinine 8.835.4 μmol/L (0.1-0.4
mg/dL); radiographic
evidence of rickets
(≥5 participants
were required to
have an RSS ≥1.5 at
the knee); confirmed
PHEX mutation or a
variant of unknown
significance in the
patient or direct
relative also affected
with XLH
• Exclusion: presence of
nephrocalcinosis grade
4; planned orthopedic
surgery; hypocalcemia
or hypercalcemia

Pi <0.97 mmol/L
(<3.0 mg/dL); PHEX
mutation or family
history of X-dominant
mutation; a total RSS =
2.0; and conventional
therapy for 6 or 12
consecutive months
for children younger
or older than 3 years,
respectively
• Exclusion: Tanner
stage ≥4; height
>50th percentile for
age and sex, use of
GH within 12 months;
iPTH >19 pmol/L
(180 pg/mL); hypoor hypercalcemia;
nephrocalcinosis of
grade 4; planned
orthopedic surgery

weeks of treatment; mean
age, 2.9 years; 69% were
men.
• All patients had
radiographic evidence of
rickets at baseline and had
received oral phosphate
and active vitamin D
analogs for a mean (SD)
duration of 16 (14) months.

conventional therapy
(mean age, 6.3 years) and
29 burosumab group (16
girls, 13 boys; mean age,
5.8 years)

levels from 2.5 (0.28)
mg/dL at baseline to 3.5
(0.49) mg/dL at week
40; baseline mean (SD)
total RSS was 2.9 (1.37)
in 13 patients. Mean total
RSS decreased from 2.9
to 1.2 at 40 weeks.
• All 13 patients achieved
RGI-C global score ≥+2.0
• 14 AEs considered
possibly, probably,
or definitely related
to burosumab
treatment occurred in
5 patients: arthralgia (1
event), elevated PTH
concentration (1 event),
bone pain (1 event),
contusion (1 event),
injection-site erythema
(3 events), injectionsite pruritus (1 event),
injection-site reaction (1
event), nausea (1 event),
and pain in an extremity
(4 events).
in the burosumab
group had significantly
greater improvement
in RGI-C global score
than did patients in the
conventional therapy
group (P <.0001).
• Treatment-emergent
AEs considered possibly,
probably, or definitely
related to treatment by
the investigator occurred
more frequently with
burosumab (17/29
[59%] patients in the
burosumab group versus
7/32 [22%] patients in
the conventional therapy
group); 3 serious AEs
occurred in each group,
all considered unrelated
to treatment and
resolved.

1,25(OH)2D3, 1,25-dihydroxyvitamin D3; 6MWD, 6-minute walk test; ADE, adverse drug event; AE, adverse effect; ALP, serum alkaline phosphatase level; BPI, brief pain inventory; Ca, calcium; CrCl, creatinine clearance; CSHS, cutaneous skeletal hypophosphatemia syndrome; GFR, glomerular filtration rate; GH, growth hormone; iPTH, intact
serum parathyroid hormone; IV, intravenous; LLN, lower limit of normal; Pi, serum inorganic phosphorus; PP, per-protocol; PTH, parathyroid hormone; RGI-C, radiographic
global impression of change; RLS, restless legs syndrome; RSS, Thacher rickets severity score; SC, subcutaneous; TIO, tumor-induced osteomalacia; TmP, renal tubular
maximum reabsorption rate of phosphate; TRP, tubular reabsorption of phosphate; ULN, upper limit of normal; XLH, X-linked hypophosphatemia.
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TABLE. CLINICAL TRIALS INVESTIGATING THE EFFICACY AND SAFETY OF BUROSUMAB28,50-57 (continued)

Jan de Beur, et al.
2020

• Open-label, phase • Inclusion: fasting Pi

• 17 with 14 TIO and 1 CSHS

• Increased mean (SD) Pi

Imanishi et al.
2021

• Interim analysis

• 13 adults from Japan

• Mean burosumab dose

2, single group
and TmP/GFR <0.81
for patients with
mmol/L, intact FGF23
TIO or CSHS
≥100 pg/mL, corrected
in 6 US sites,
serum Ca <10.8 mg/dL
given burosumab • Exclusion: use of
0.3-2.0 mg/kg
vitamin D or oral
injection SC every
phosphate salts
4 weeks up to
within 2 weeks of
144 weeks
screening, medication
• Outcomes:
suppressing iPTH
percentage of
within 2 months before
patients with Pi
screening, malignancy
>0.81 mmol/L
at week 24
and change in
osteomalacia at
48 weeks

of an ongoing,
open-label,
single-arm,
multicenter study
for TIO at week
112
• Outcome: Pi
level, percentage
of patients who
achieved mean
peak and trough
Pi values > LLN
(0.81 mmol/L),
percentage of
patients within
the normal Pi
range for every
24 weeks, other
efficacy markers

• Inclusion: age ≥18

years; TIO with
unidentified or
unresectable tumor;
Pi <2.5 mg/dL, serum
FGF23 level ≥100 pg/
mL, TmP/GFR <2.5
mg/dL; no evidence
of renal failure related
to nephrocalcinosis;
corrected serum Ca
<10.8 mg/dL
• Exclusion: use of TIO
treatment within 14
days before screening;
cinacalcet within
60 days, pregnancy,
lactation

patients; 2 excluded
due to having XLH and
1 discontinued after 20
weeks; mean age, 56.9
years (SD 10.3); 57% men,
86% White.
• 43% (6/14) patients had
tumor located at baseline.

and South Korea; mean
age 60.5 (SD 10.8) years;
7 patients had tumor
identified at baseline, mean
Pi = 1.62 mg/dL with a
mean duration of TIO = 10
years (SD 5); 4 had bone
biopsy

levels and maintained
from week 22 to week
144. Osteomalacia
improved at week
48 at all measures,
mineralization lag time
decreased; fractures
33% fully healed and 13%
partially healed at week
144.
• 2 patients discontinued
for AE of neoplasm
and failure for dosing
criteria; 16 serious AEs
in 7 patients and 1
death but unrelated to
treatment; 9 patients
had 16 treatment-related
AEs of mild to moderate
severity.

•

•
•

•

after 112 weeks was 1.0
mg/kg.
Mean Pi increased and
remained above LLN
from week 14 to week
112.
Patients walked further
with decreased pain.
2 patients discontinued
due to disease
progression and
withdrawal.
No serious AEs or
treatment-related serious
AEs.

1,25(OH)2D3, 1,25-dihydroxyvitamin D3; 6MWD, 6-minute walk test; ADE, adverse drug event; AE, adverse effect; ALP, serum alkaline phosphatase level; BPI, brief pain inventory; Ca, calcium; CrCl, creatinine clearance; CSHS, cutaneous skeletal hypophosphatemia syndrome; GFR, glomerular filtration rate; GH, growth hormone; iPTH, intact
serum parathyroid hormone; IV, intravenous; LLN, lower limit of normal; Pi, serum inorganic phosphorus; PP, per-protocol; PTH, parathyroid hormone; RGI-C, radiographic
global impression of change; RLS, restless legs syndrome; RSS, Thacher rickets severity score; SC, subcutaneous; TIO, tumor-induced osteomalacia; TmP, renal tubular
maximum reabsorption rate of phosphate; TRP, tubular reabsorption of phosphate; ULN, upper limit of normal; XLH, X-linked hypophosphatemia.

Burosumab: Evidence to Date
Children With XLH
Two phase 2 clinical trials investigated the efficacy and
safety of burosumab in pediatric patients. The first study
was a randomized, open-label, dose-defining phase 2 trial
in which 52 prepubescent patients aged 5 to 12 years with
XLH received either burosumab or placebo subcutaneously
every 2 or 4 weeks up to a maximum dose of 2 mg/kg for
at least 64 weeks. 28 The mean serum phosphorus level and
mean TRP/glomerular filtration rate (GFR) significantly
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increased at week 40 and week 64, and the mean serum ALP
significantly decreased at week 64. Radiographic evaluation
revealed significant improvements in mean RSS and radiographic global impression of change (RGI-C). AEs included
injection-site reaction, headache, cough, nasopharyngitis,
and pain in an arm or leg. One patient was hospitalized for
fever and myalgia, which were moderate in severity and
possibly related to burosumab; 1 patient had severe rash,
and 1 patient had a tooth abscess. The second study was an
open-label, 64-week trial of 13 children aged 1 to 4 years.47,54
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All of the children received burosumab at a dose of 0.8 mg/
kg every 2 weeks titrated up to 1.2 mg/kg based on serum
phosphorus measurements for at least 40 weeks of therapy.
The mean serum phosphorus level significantly increased at
week 40, and the mean serum ALP concentration decreased
by 36% at week 40. Radiographic evaluation revealed significant improvements in mean RSS and mean RGI-C. All 13
patients achieved an RGI-C score of +2.0 or more. AEs of
pyrexia and vomiting occurred in more than 3 participants
in this small trial.
Adults With XLH
A dose-escalation, dose-extension, open-label study of 28
adult patients with XLH was conducted with increasing
doses of burosumab every 4 weeks for a total of 4 doses and
maintenance, phosphate-titrated doses given once monthly
for 12 months.51 From a total of 28 patients with a mean
age of 41.9 years (range, 19-66 years), 26 received 4 doses
and 19 received all 16 doses over the study. During dose
escalation, TRP/GFR, serum phosphorus, and 1,25(OH)2D 3
levels increased, peaking at 7 days for TRP/GFR and serum
phosphorus and at 3 to 7 days for 1,25(OH)2D 3. During
the 12-month extension, peak serum phosphorus was in
the normal range for 57.9% to 85.0% of participants, and
25% to 42.9% maintained trough serum phosphorus levels
within the normal range. Mean serum and urinary calcium
remained within normal limits. Transient hypercalcemia
(calcium >10.5 mg/dL) occurred in 2 patients, and hypercalciuria occurred in 5 patients. The urinary phosphate level
varied widely among the patients. AEs included arthralgia,
nasopharyngitis, back pain, extremity pain, sinusitis, upper
respiratory infection, dizziness, injection-site reaction,
and RLS. 51
In a randomized, double-blind, placebo-controlled study of
134 adults with XLH, patients received burosumab 1 mg/kg
subcutaneously every 4 weeks for 24 weeks.47,52 All patients had
skeletal pain associated with XLH/osteomalacia at baseline; the
mean age of patients was 40 years (range, 19-66 years), and
35% of participants were men. Compared with the placebo
group, significantly more patients from the burosumab group
achieved serum phosphorus levels above the lower limit of
normal (8% vs 94%). The mean TRP/GFR improved significantly in the burosumab group compared with placebo at week
24. Radiographic evaluation and active fracture/pseudofracture
sites demonstrated a higher rate of complete healing versus
placebo group at week 24. Although burosumab therapy was
associated with a significant improvement in stiffness compared

with placebo at 24 weeks, there was no significant difference in
pain between the 2 groups.
Adults With TIO
In an open-label, phase 2, single group study for patients
with TIO in 6 US sites, patients were given burosumab
0.3 to 2.0 mg/kg injections subcutaneously every 4 weeks up
to 144 weeks. 56 The end point was the proportion of patients
with serum phosphate levels higher than 0.81 mmol/L at
week 24 and change in osteomalacia signs and symptoms at
48 weeks. Of 14 patients who were treated with burosumab
for 20 weeks, the mean serum phosphate level increased and
was maintained from week 22 to week 144. Osteomalacia
improved at week 48 at all measures, mineralization lag time
decreased, and 33% of the fractures fully healed, with 13%
partially healed at week 144. Two patients discontinued due
to neoplasm and failure for dosing criteria. Though 16 serious
AEs happened in 7 patients and 1 death occurred, they were
unrelated to treatment; 9 patients had 16 treatment-related
AEs of mild to moderate severity.

The Pharmacist’s Role in XLH and TIO
Management

Rare diseases such as XLH and TIO should be managed
by multidisciplinary teams with the necessary expertise to
ensure optimal patient care. Pharmacists can play an important role in improving the treatment outcomes for patients
with XLH and TIO by enhancing their knowledge of different
treatment options, including dosing, mechanisms of action,
and efficacy and safety profiles. Treatments that require dose
adjustments based on monitoring and outcomes require a
pharmacist’s expertise to optimize care. For example, pharmacists should be aware that burosumab is contraindicated
in patients with severe renal impairment and when serum
phosphorus is within or above the normal range for age.47
Empowering patients through education is important for
XLH and TIO management because these are rare diseases
for which there are not many treatment options. Pharmacists should have careful discussions about benefit versus
risks with patients. Communicating the efficacy and safety
of existing options is crucial to achieving successful treatment. Unlike the oral supplementation of phosphorus and
calcitriol, burosumab is administered subcutaneously; pharmacists can educate patients about rotating injection sites,
techniques for using the syringe and vials, managing AEs
such as RLS and injection-site reactions, and self-monitoring
symptoms of XLH or TIO.

P HA R M ACYT I MES.ORG
M AY 2 0 2 1

61

ADDITIONAL RESOURCES

National Center for Advancing Translational
Sciences, National Institutes of Health

rarediseases.info.nih.gov/diseases/12943/x-linked-hypophosphatemia

Yale Center for X-Linked Hypophosphatemia:
International Patient Registry

medicine.yale.edu/pediatrics/ycxlh/registry

National Organization for Rare Disorders (NORD)

rarediseases.org

The XLH Network, Inc

xlhnetwork.org

ClinicalTrials.gov

clinicaltrials.gov/ct2/results?recrs=&cond=X-linked+Hypophosphatemi
a&term=&cntry=&state=&city=&dist=

rarediseases.info.nih.gov/diseases/9652/tumor-induced-osteomalacia

clinicaltrials.gov/ct2/results?recrs=&cond=Tumor-Induced+Osteomalac
ia&term=&cntry=&state=&city=&dist=
National Library of Medicine - Genetic Testing
Registry for XLH

ncbi.nlm.nih.gov/gtr/conditions/C0733682/?_
ga=2.19834232.1520583705.1613871650-127729394.1613871650

Rare Disease Day

rarediseaseday.org

Pharmacists can also provide medication counseling and
offer sustained support to patients and their caregivers to help
improve treatment adherence. Those on standard therapies need
assistance with organizing multiple daily doses and maintaining
a positive attitude about the disease and its characteristic aches
and pains. Patients with rare diseases often encounter health and
financial barriers in the availability of diagnostic tests, treatment options, coverage for existing care, and access to educational resources for their own disease comprehension. During
counseling, pharmacists can provide patients and caregivers
information about patient service programs established by the
manufacturer as well as patient assistance programs for insurance information and for determining eligibility for financial
assistance. The manufacturer offers patient support services
through its UltraCare program to help patients understand insurance coverage, determine eligibility for financial support, and
offer access to their resources.58

Conclusion

XLH and TIO are rare disorders of HPR. While XLH is a
genetically inherited condition of PHEX gene mutation,
TIO is an oncogenic osteomalacia. Both conditions exhibit
symptoms due to overproduction of FGF23, which causes
hypophosphatemia. Patients with XLH and TIO experience profound symptoms, such as pain when walking and
standing, fatigue, mobility impairment, and muscle weakness, that often go undiagnosed or misdiagnosed for years.
Whereas XLH is a chronic condition that affects children’s
growth and skeletal formation in the early years, TIO mostly
affects adults and manifests more acutely than XLH. Dental,
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spinal, and skeletal damages as well as impact on the quality
of life persist chronically without treatments. The firstline medical therapy for both conditions is lifelong therapy
of oral phosphorus and active vitamin D supplementation;
however, careful dosing and monitoring are warranted due
to AEs such as GI upset and hyperparathyroidism. Surgical
resection of tumors is a curative approach for TIO, although
it is difficult to locate and resect all the small lesions. Burosumab, a monoclonal antibody targeting FGF23, is approved
to treat both XLH and TIO and has a demonstrated efficacy
and safety profile in children and adults. As medication
experts, pharmacists are optimally positioned to provide
counseling and important information regarding dosing,
administration, and access to therapies to patients with
XLH and TIO.
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POSTTEST QUESTIONS
Please use the following patient case to answer questions
1-5.
RG is a 2-year-old girl weighing 22 lb whose mother is
bringing her in for her 24-month immunizations. RG was
born full-term and has no medical issues; however, she has
not begun walking and does not want to try. When her
mother pulls her up to stand, she can barely stand for more
than a few seconds and complains of pain in her legs. Her
mother is worried as she herself has lived with bowed legs
and back pain for her entire life. RG’s diet is normal for her
age with solid foods, and her vaccinations are up-to-date.
Her vision, hearing, speech, and cognition are all within her
normal developmental age. However, her height, weight,
and head circumference are at the 5th, 20th, and 35th
percentiles, respectively. Laboratory study revealed serum
calcium within normal limits, serum phosphorus 2.2 mg/dL
(reference range, 3.5-6.5 mg/dL), elevated serum alkaline
phosphatase (ALP), and decreased tubular reabsorption
of phosphate corrected for glomerular filtration rate (TRP/
GFR) of 2.0 mg/dL (reference range,
3.0-6.5 mg/dL).
1. Based on this case, which of the following is the most
appropriate diagnosis and diagnostic test for RG’s
condition?
A. Tumor-induced osteomalacia (TIO); genetic testing
B. TIO; functional imaging of the body
C. X-linked hypophosphatemia (XLH); x-ray imaging of
the legs
D. XLH; functional imaging of the body
2. Based on RG’s workup and ruling out other causes, XLH
is suspected. What is the difference between XLH and
other hypophosphatemic rickets (HPR)?
A. Tumor-causing overproduction of fibroblast growth
factor 23 (FGF23)
B. Low serum calcium level causing hyperphosphatemia
C. High serum phosphorus level causing hypercalciuria
D. Presence of PHEX gene mutation overproducing
FGF23

4. Following initiation of standard therapy for XLH for RG,
which symptom would be expected to improve first?
A. Bone pain
B. ALP levels
C. Growth velocity
D. Straightening of the bones in legs
5. RG was treated with calcitriol and oral phosphorus for
more than 1 year. However, her symptoms of XLH persisted and the therapy was not improving her signs and
symptoms. What would be the most appropriate next
therapy option?
A. Surgery to correct her bowing legs
B. Burosumab at an initial dose of 10 mg administered
subcutaneously every 2 weeks
C. Increasing calcitriol dose to 40 ng/kg twice daily and
elemental phosphorus to 80 mg/kg/day
D. Growth hormone injection daily

6. In patients receiving standard therapy for XLH, which
action is a correct response to the monitoring test
result?
A. Elevated serum parathyroid hormone (PTH) level,
increase calcitriol dose
B. Elevated serum calcium level, increase calcitriol dose
C. Normal serum PTH level, decrease calcitriol dose
D. Normal serum calcium level, increase calcitriol dose
7. Based on clinical trials of children receiving burosumab
for XLH, by when would improvements in rickets and
bone healing be expected?
A. 12 weeks
B. 20 weeks
C. 40 weeks
D. 52 weeks

3. What is the most appropriate first-line therapy for RG at
this time?
A. Oral phosphate salts and calcitriol
B. Growth hormone injection
C. Corrective surgery
D. Dental care
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POSTTEST QUESTIONS (continued)
Please use the following patient case to answer questions
8 and 9.
SK, a 41-year-old woman, experienced severe muscle
weakness and excruciating pain in her entire body about
a year ago and rib fractures 2 months ago. Her vitals and
physical exams were normal with 60 inches height and
140 lb weight. Her lab work included normal calcium and
creatinine levels, a low phosphorus level of 1.2 mg/dL,
an elevated ALP level of 137 U/L (normal range, 30-120
U/L), and a low 1,25-dihydroxyvitamin D less than 6 pg/mL
(normal range, 9-52 pg/mL). Her TRP was at 10% (normal
range, 78%-98%) and FGF23 levels were markedly elevated. She has no family history of genetic diseases or conditions. Functional imaging and anatomical imaging revealed
2 small tumors and confirmed a diagnosis of TIO.
8. Which is the most appropriate first-line therapy for SK
at this time?
A. Oral phosphate salts and calcitriol
B. Growth hormone injection
C. Tumor resection
D. Dental care
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9. After a surgical removal of tumors, SK experienced
recurrence of her symptoms because more tumors
were found in her body but could not be completely
resected. Based on the available evidence, which of
the following would be the most beneficial therapy if
supplementation with phosphorus and calcitriol does
not help her?
A. Cinacalcet
B. Burosumab
C. Octreotide
D. Thiazide diuretics
10. Which of the following is the most appropriate action a
pharmacist can take when helping patients manage rare
diseases such as XLH and TIO?
A. Facilitate dosing adjustments for burosumab therapy
based on the monitoring parameters.
B. Recommend burosumab to patients whose serum
phosphorus level is above the normal range.
C. Recommend burosumab as an adjunctive therapy to
oral phosphate and calcitriol supplements.
D. Refer patients with rare diseases to specialists because
pharmacists are not equipped to help such patients.
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Overview and Introduction to
Hepatorenal Syndrome

Hepatorenal syndrome (HRS) is a serious
complication of advanced chronic liver
disease (CLD) that is characterized by
subacute or acute kidney injury (AKI).1,2
In 2020, the total incidence of CLD in
the United States was 4.5 million adults,
representing 1.8% of the adult population.3 Patients with cirrhosis have an 18%
risk of developing HRS at 1 year and a
39% risk at 5 years. 4 HRS is a leading
cause of hospitalization among patients
with CLD, with AKI occurring in 25% to
50% of patients with cirrhosis admitted
to the hospital following an episode
of decompensation.1,5 Although HRS
is potentially reversible, the hallmark
rapidly progressive renal dysfunction
is associated with a high morbidity and
mortality. Depending on the severity of
renal dysfunction, 13.5% to 43.2% of
patients with cirrhosis who develop AKI

do not survive hospital admission.6 A
recent study of patients admitted to the
hospital with HRS demonstrated high
in-hospital mortality (36.9%) and hospice
discharge (8.9%) rates.1 Following the
development of HRS, 1-month and
12-month mortality remain high at 58%
and 63%, respectively.5,7
STA R *
What is the relationship between
precipitating factors of HRS AKI
and the disease pathophysiology?
*S = Stop; T = Think; A = Assess;
R = Review

Pathophysiology of HRS

HRS is classified as either HRS AKI,
which is characterized by a rapidly
progressing renal failure due to a precipitating event, or HRS non-acute kidney
injury (NAKI), which is characterized by a slower progression of kidney

Pharmacy Times Continuing Education™ is accredited by the Accreditation Council
for Pharmacy Education (ACPE) as a provider of continuing pharmacy education.
This activity is approved for 2.0 contact hours (0.20 CEU) under the ACPE universal
activity number 0290-0000-21-119-H01-P. The activity is available for CE credit
through May 15, 2022.
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FIGURE 1. PATHOPHYSIOLOGY AND COMMON PRECIPITATING FACTORS OF AKI IN PATIENTS WITH CLD1,5,10
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AIN, acute interstitial nephritis; AKI, acute kidney injury; ATN, acute tubular necrosis; CLD, chronic liver disease; GI, gastrointestinal; HRS, hepatorenal syndrome;
NAKI, non-acute kidney injury; RAAS, renin-angiotensin-aldosterone system; SBP, spontaneous bacterial peritonitis; SNS, sympathetic nervous system; UTI, urinary
tract infection.

dysfunction without a known precipitating event and is
often associated with refractory ascites. Although the exact
pathophysiology is not fully understood, 4 interdependent
pathways contribute to renal vasoconstriction and lead to the
development of HRS: (1) peripheral arterial vasodilation,
(2) upregulation of the renin-angiotensin-aldosterone system
(RAAS) and the renal sympathetic nervous system (SNS), (3)
cardiac dysfunction, and (4) inflammatory cytokine release.8,9
FIGURE 1 1,5,10 summarizes the pathophysiology and common
precipitating factors of AKI in patients with CLD. Portal
hypertension causes marked splanchnic vasodilation in
advanced CLD, thus creating a low effective circulating
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volume. In response, baroreceptors in the carotid body and
aortic arch cause compensatory activation of the RAAS, SNS,
and release of vasopressin leading to intense renal vasoconstriction. Activation of RAAS and SNS also leads to sodium
and water retention, resulting in subsequent hyponatremia
and development of ascites.5,8 Patients develop hyperdynamic circulation due to increased cardiac output, decreased
systemic vascular resistance, hypotension, and renal artery
vasoconstriction that worsens with disease progression. This
hypothesis is supported by findings of reduced systemic
vascular resistance and low blood pressure despite elevated
levels of renin, aldosterone, and norepinephrine, with the

www.pharmacytimes.org

TABLE 1. RECENTLY REVISED ICA DIAGNOSTIC CRITERIA FOR
HRS AKI10,13,14

Presence of Cirrhosis With Ascites or Acute Liver Failure
sCr and urine output changes
• Increase in sCr ≥0.3 mg/dL or ≥50% from baseline value
within 48 hours, and/or
• Urinary output ≤0.5 mL/kg body weight for ≥6 hours, or
• Percent increase in sCr ≥50% of last available outpatient
value within 3 months
No partial or full response after 48 hours of diuretic
withdrawal and volume expansion with albumin 1 gram/kg/
day (maximum 100 grams/day)
Absence of shock
No current or recent treatment with nephrotoxic agents
No macroscopic signs of structural kidney injury: absence
of proteinuria >500 mg/day, microhematuria >50 red
blood cells per high power field, normal findings on renal
ultrasonography
HRS AKI, hepatorenal syndrome acute kidney injury; ICA, International Club of
Ascites; sCr, serum creatinine.

most extreme hemodynamic changes seen in patients with
HRS. 5,8,9 Use of vasoconstrictor therapy has been shown
to reverse HRS by counteracting these processes, further
implicating these mechanisms in its pathophysiology.8 Portal
hypertension, another consequence of cirrhosis, increases
shear stress within the splanchnic blood vessels and risk for
bacterial translocation from the bowel, thereby increasing
nitric oxide and prostacyclin production, which ultimately
worsens splanchnic vasodilation. Although these effects are
initially mitigated by increases in cardiac output, those with
advanced CLD may not be able to fully compensate.5 Patients
may present with markedly reduced cardiac output relative to
the degree of systemic vasodilation, suggesting an alternative mechanism for cirrhosis-induced cardiomyopathy. These
patients have paradoxically elevated plasma natriuretic
peptide levels despite reduced central venous pressures.8
Notably, cardiomyopathy has been shown to reverse after
liver transplantation, suggesting the diseased liver directly
impairs cardiac function by one of the following mechanisms:
neurohumoral hyperactivity leading to myocardial hypertrophy, reduced myocardial adrenergic response, and reduced
ventricular function due to inhibitory effects of inflammatory markers. 8 Cardiomyopathy and refractory ascites are
predictors of developing HRS AKI and are associated with
a worse prognosis. 5
Common precipitating factors for HRS AKI include bacterial infection, large volume paracentesis, gastrointestinal
(GI) bleeding, and acute alcoholic hepatitis, which result

in decreased circulating arterial volume and renal vasoconstriction.8,11 Results of a large retrospective analysis showed
recent paracentesis (39%) as the most common identifiable
cause of HRS, followed by spontaneous bacterial peritonitis
(4%) and hypovolemia (1%); 56% of patients had other
unspecified factors precipitate HRS.1
Patients with cirrhosis are also at risk for developing
HRS NAKI, which is largely attributed to pre-renal and
intrinsic causes of renal damage.5 Upper GI bleeding, excessive diuretic use, and other severe fluid losses lead to prerenal AKI. Acute tubular necrosis (ATN), acute interstitial
nephritis (AIN), and bile acid toxicity cause direct intrinsic
injury to the renal tubules. Although HRS AKI and NAKI
have different pathophysiology, there are overlapping
features. Additionally, patients with comorbidities, such as
diabetes mellitus, hypertension, hepatitis B and C, and other
interstitial nephropathies, may be predisposed to developing
HRS AKI and NAKI. 5 It is important to distinguish the type
and cause of AKI to establish an appropriate treatment plan.

HRS Prognosis

HRS is associated with a high morbidity and mortality.
Historically, HRS NAKI follows a more gradual progression
and has a higher median survival of 6 months. In contrast,
HRS AKI progresses rapidly, with a median survival time
of 8 to 12 weeks after diagnosis and just a 25% probability
of survival after 30 days.1 In a study evaluating the clinical
and economic burdens of inpatient management of HRS, the
majority of patients were admitted under emergency status
(44.5%) and had Model for End-Stage Liver Disease (MELD)
scores ranging from 20 to 35, which are associated with a
3-month mortality risk of 76% to 83%. Additionally, median
hospital and intensive care unit (ICU) lengths of stay were
11.2 and 5.25 days, respectively. Numerous resource-intensive supportive care interventions were needed, including
paracentesis (40%), transfusion (35.3%), mechanical ventilation (20.2%), and hemodialysis (16.3%). The most common
medications administered included albumin (57.4%),
diuretics (57.1%), and vasopressors (42.4%). More than onethird of patients were deceased at discharge, with unplanned
readmission in 41.2% of the remaining patients. The average
cost for treatment per patient was $91,504.1

HRS Diagnosis and Classification

HRS has historically been classified as either type 1 (HRS-1)
or type 2 (HRS-2). HRS-1 was previously defined as rapid
deterioration in renal function over 2 weeks with a serum
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TABLE 2. NEW CLASSIFICATION OF HRS SUBTYPES10,14

Old

New

sCr and urine output criteria

HRS-1

HRS AKI

• Increase in sCr ≥0.3 mg/dL or ≥50% from

baseline value within 48 hours, and/or
• Urinary output ≤0.5 mL/kg body weight for
≥6 hours, or
• Percent increase in sCr ≥50% of last
available outpatient value within 3 months

AKI stage
1a

• sCr <1.5 mg/dL and
• ↑ sCr ≥0.3 mg/dL or ↑ ≥1.5- to 2.0-fold
from baseline

1b

• sCr ≥1.5 mg/dL and
• ↑ sCr >2- to 3-fold from baseline

2

• ↑ sCr >2- to 3-fold from baseline

3

• ↑ sCr >3-fold from baseline or sCr ≥4.0

mg/dL with acute increase ≥0.3 mg/dL
or initiation of RRT

HRS-2

HRS
NAKI

HRS
AKD

• eGFR <60 mL/min/1.73 m2 for <3 months in absence of structural causes
• Percent increase in sCr <50% of last available outpatient value within 3 months

HRS
CKD

• eGFR <60 mL/min/1.73 m2 for ≥3 months in the absence of structural causes

AKD, acute kidney disease; AKI, acute kidney injury; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HRS, hepatorenal syndrome; NAKI,
non-acute kidney injury; RRT, renal replacement therapy; sCr, serum creatinine.

creatinine (sCr) level greater than 2.5 mg/dL, and type 2 HRS
was characterized by a slow, progressive, moderate renal
failure with final sCr between 1.5 and 2.5 mg/dL.5,12 The
major critique with these older definitions was the reliance
on absolute sCr values that may be affected by numerous
confounders, including age, race, gender, bilirubin interference with colorimetric creatine assay, reduced hepatic creatine
synthesis, muscle wasting, and nutritional status.5,13 Therefore, fixed sCr thresholds have been abandoned and replaced
by the 2007 Acute Kidney Injury Network (AKIN) definition.
The AKIN definition of AKI includes any increase of the
absolute value of sCr by 0.3 mg/dL from baseline or any sCr
increase of 50% from baseline within a 48-hour period.12 The
AKIN criteria have been shown to predict mortality in hospitalized patients with cirrhosis, including critically ill patients
in the ICU. 13 By eliminating the sCr threshold of 1.5 mg/
dL, clinicians may be able to initiate treatment more rapidly,
even when rises in creatinine are small. 13 The AKIN definition was ultimately adopted by the Acute Dialysis Quality
Initiative and the International Club of Ascites (ICA).13
The 2015 ICA updated HRS diagnostic criteria are summarized in TABLE 1.10,13,14 Key criteria include presence of cirrhosis
with ascites or acute liver failure with increased sCr or decreased
urine output despite 48 hours of diuretic withdrawal and volume
expansion with albumin 1 gram/kg/day (up to a maximum of
100 grams/day). Most recently, the 2018 European Association
for the Study of the Liver (EASL) updated treatment guidelines
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for the management of patients with decompensated cirrhosis,
adopted the 2015 ICA diagnostic criteria and proposed updated
HRS classification schema that better account for the chronicity
of renal dysfunction with HRS-1 reclassified to HRS AKI and
HRS-2 reclassified to HRS non-AKI (HRS NAKI).14 These definitions are summarized in TABLE 2.10,14 HRS-1 and HRS AKI
as well as HRS-2 and HRS NAKI will be used interchangeably
throughout this article, though the focus will be on the prevention and management of HRS AKI.
When accounting for changes in sCr, EASL recommends
using a baseline sCr from within 3 months prior to presentation
to minimize delay in diagnosis. AKI should be staged according
to sCr, with stage 1a defined as less than 1.5 mg/dL and stage 1b
greater than or equal to 1.5 mg/dL.14 Additionally, EASL recognizes the limitations of obtaining kidney biopsy in the setting of
AKI and cites urinary neutrophil gelatinase-associated lipocalin
(NGAL), a biomarker of tubular damage, as a promising tool for
differentiating HRS AKI from ATN.14 Using fractional excretion
of sodium (FENa) less than 1% to distinguish pre-renal HRS
from ATN is generally not considered useful because patients
with advanced cirrhosis typically have FENa less than 1% even
if they have ATN. However, a lower cutoff of 0.2% may be clinically useful to make this distinction.10

Prevention of HRS

Prevention of HRS should be a primary goal through
preventing infection and managing intravascular volume
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FIGURE 2. GENERAL HRS AKI MANAGEMENT STRATEGIES14,20

HRS AKI

Albumin 1 gram/kg/day (maximum 100 grams/day) and
diuretic withdrawal for 48 hours

sCr ≥0.3 mg/dL or ≥50% from baseline value and/or urinary
output ≤0.5 mL/kg body weight for ≥6 hours

No

Yes

Close monitoring and
follow-up

Initiate vasoconstrictor
therapy plus albumin

Terlipressin

Terlipressin unavailable

Patient in ICUa

Patient in
regular ward

Norepinephrine

Midodrine plus
octreotide

HRS AKI, hepatorenal syndrome acute kidney injury; ICU, intensive care unit; sCr, serum creatinine.
a

Level of care that supports continuous infusion vasopressor. Central line preferred for this therapy.

depletion in the setting of GI bleeding. Patients with either
gastroesophageal varices or nonvariceal acute upper GI
bleeding and portal hypertension should receive antimicrobial prophylaxis for the prevention of spontaneous bacterial
peritonitis (SBP) because it has been shown to reduce incidence of infection, improve bleeding control, and increase
survival.14 Ceftriaxone 1 gram intravenous (IV) daily for up
to 7 days is recommended, especially for patients already
receiving outpatient oral fluoroquinolone prophylaxis. Alternatively, norfloxacin 400 mg orally twice daily may be used
for SBP prophylaxis based on local resistance patterns. 14
Since norfloxacin is not available in the United States, ciprofloxacin or trimethoprim/sulfamethoxazole are commonly

substituted in its place.15 A restrictive packed red blood cell
transfusion strategy should be implemented to maintain a
hemoglobin level between 7 grams/dL and 9 grams/dL and
prevent hypovolemia.14
In patients with confirmed SBP, antimicrobial therapy
with either a third-generation cephalosporin or piperacillintazobactam should be used as empiric therapy for communityacquired infection.14 Health care-associated or nosocomial
infections warrant gram-positive coverage with daptomycin,
vancomycin, or linezolid, and potentially carbapenem therapy
based on local resistance patterns. Albumin (1.5 grams/
kg at diagnosis and 1 gram/kg on day 3) should be given to
prevent AKI and reduce mortality.16 After initial infection
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treatment, norfloxacin 400 mg daily or trimethoprim/sulfamethoxazole for SBP prophylaxis have been shown to prevent
HRS AKI.14,15 Additionally, nonselective β-blockers should be
avoided in patients with an established SBP diagnosis as their
use has been associated with precipitating HRS and reduced
transplant-free survival.17
Some patients present with hypovolemia due to diarrhea
or excessive diuresis and should be resuscitated with crystalloid therapy based on the severity of fluid loss. Alternatively,
patients with tense ascites may develop AKI due to increased
intra-abdominal pressure. Therapeutic paracentesis should be
paired with albumin administration to prevent hypovolemia.
Patients undergoing large volume paracentesis (LVP), defined
as volume greater than 5 L of ascites, should receive albumin
at 8 grams/L of ascites fluid removed.14 Although the risk of
developing circulatory dysfunction after LVP for less than
5 L of ascites is low, most patients should still receive albumin
volume replacement.14
When there is no obvious cause of hypovolemia and the
patient has AKI stage greater than 1a, 20% albumin 1 gram/
kg/day (with a maximum of 100 grams) for 2 consecutive days
should be given to improve renal function.14 Of note, clinicians
should choose to administer high-percentage albumin admixtures (20%-25%) for prevention and treatment of HRS.18 In the
United States, 25% albumin is commercially available.19
STA R
What vasoconstrictor pharmacotherapy for HRS AKI is
currently available in the United States?

Treatment of HRS

Once a diagnosis of HRS is confirmed, the primary medical
management goals for patients with HRS AKI are to improve
renal perfusion and increase the chances of survival. Optimal
management of HRS AKI is evolving as ongoing research
reveals nuances in the pathophysiology of HRS AKI and
HRS NAKI. Currently, therapeutic options for HRS AKI are
largely supportive in nature and serve as a bridge to liver
transplantation.5 General HRS management strategies are
described in FIGURE 214,20 and medication considerations are
summarized in TABLE 3.14,21-31
Medications that could potentially be nephrotoxic or cause
hypovolemia should be evaluated for discontinuation. In particular, diuretics, vasodilators, nonsteroidal anti-inflammatory
drugs (NSAIDs), angiotensin-converting enzyme inhibitors,
nonselective β-blockers, and other nephrotoxic medications
may hasten the development of HRS.5,10,32 Although contrast-
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enhanced imaging is not routinely part of HRS workup, patients
with baseline chronic kidney disease (CKD) or cirrhosis may be
at increased risk for complications, including contrast-induced
nephrotoxicity. When imaging is indicated, the risks versus
benefits of using contrast should be weighed.14
Volume replacement with albumin along with vasoconstrictor
pharmacotherapy to improve renal perfusion and counteract
splanchnic arterial vasodilation is the cornerstone of medical
management.13,14 Treatment should be continued until the patient
exhibits a complete response as defined by a final sCr within
0.3 mg/dL from the baseline value. A partial response is defined
by the regression of AKI stage, with a final sCr greater than or
equal to 0.3 mg/dL from the baseline value.14
Albumin
Albumin is the preferred agent for volume replacement in
HRS AKI. Albumin increases circulating volume and counters the reduction in cardiac output resulting from the use
of pure vasoconstrictor therapy as well as cirrhosis disease
progression.10 Additionally, albumin may possess antioxidant
and anti-inflammatory properties that provide benefit beyond
volume expansion.5,10 Although meta-analyses have not
shown a mortality benefit with the use of albumin compared
with crystalloids in critically ill patients with AKI, albumin
is effective to reverse HRS AKI when given in combination
with vasoconstrictor therapy.5,10,14 Albumin should be dosed
at 20 to 40 grams/day with central venous pressure (CVP) or
other dynamic fluid status monitoring to ensure avoidance of
circulatory overload.10,14 Daily dosing should continue until
a complete response is seen (as previously defined), fluid
status is deemed adequate, or until 14 days of treatment is
given, whichever occurs first.14 Of note, resolution in clinical
trials was defined as attaining sCr below 1.5 mg/dL, which
was in line with prior definitions.
Vasoconstrictors
Treatment protocols for HRS AKI have centered around
the use of vasoconstrictor therapy. Notably, the vasopressin
analog terlipressin has shown promise in the treatment of
HRS. According to the EASL Clinical Practice Guidelines for
the management of patients with decompensated cirrhosis,
prompt treatment with vasoconstrictors and albumin are
recommended in all patients meeting the definition of HRS AKI
stage greater than 1a.14 Researchers continue to study the impact
of vasoconstrictor therapy including terlipressin, ornipressin,
midodrine, octreotide, and norepinephrine on HRS progression when given in combination with albumin 20 to 40 grams
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TABLE 3. TREATMENT OPTIONS FOR HRS AKI14,21-31

Mechanism of action

Dosing

Adverse reactions reported in HRS studies

Increases circulating
volume

AKI stage >1a, initial

Volume overload

• 1 gram/kg/day (max 100

Volume expander
Albumin

grams) x 48 h
In combination with
vasoconstrictors
• 20-40 grams/day
Vasoconstrictors
Midodrine
plus
Octreotide

α1 agonist

Abdominal pain, arrhythmia, bradycardia,
circulatory overload

Somatostatin analog

5.0-12.5 mg orally 3 times
daily
100-200 mcg SC 3 times daily

Norepinephrine

α1 and β1 receptor
agonist

0.5-3.0 mg/h
Central line preferred

Chest pain

Ornipressina

Vasopressin-1 agonist

2-6 IU/h IV infusion

Abdominal pain, cardiac ischemia, ECG
changes, GI bleeding, intestinal ischemia,
ventricular arrhythmia

Terlipressina

Vasopressin-1 agonist

Days 1-3: 1 mg IV bolus every
6h
Day 4:
Assess sCr compared with
baseline
• If sCr decreased by ≥30%,
continue 1 mg every 6 h
• If sCr decreased by <30%,
increase to 2 mg every 6 h
• If sCr is at or above baseline
value, discontinue
terlipressin

Abdominal pain, cardiac ischemia, cyanosis,
diarrhea, ECG changes, intestinal ischemia,
pulmonary edema, vascular skin disorders

ECG, electrocardiograph; GI, gastrointestinal; HRS AKI, hepatorenal syndrome acute kidney injury; IV, intravenous; IU, international units; SC, subcutaneous.
a
Not currently available in the United States.

daily.17 Adverse effects (AEs) related to vasoconstrictor
therapy include ischemic and cardiovascular events. Careful
screening, including obtaining a baseline electrocardiogram, is recommended before starting the treatment. Patients
should be monitored closely for AEs while receiving vasoconstrictor therapy, and treatment should be discontinued if
AEs are severe, such as development of arrhythmia. In the
event of HRS AKI recurrence, patients should be resuscitated
with albumin, and repeat courses of vasoconstrictor therapy
should be given.14
Terlipressin
Terlipressin is a vasopressin analog that reverses the effects of
arterial vasodilation through activation of the vasopressin-1
receptors on smooth muscle causing vasoconstriction.17
It is currently recommended by EASL as first-line vasopressor therapy for HRS. 14 Although terlipressin has been

largely utilized for the treatment of HRS worldwide, it is not
approved by the US Food and Drug Administration (FDA) or
available for use in the United States as of this writing.
The REVERSE trial evaluated terlipressin plus albumin
compared with placebo plus albumin in the management of
HRS-1 in 196 patients.22 Terlipressin 1 mg IV bolus every 6
hours, with dose escalation to 2 mg IV bolus every 6 hours if
a 30% reduction in sCr was not achieved by day 4 was given
in combination with albumin 20 to 40 grams/day. Therapy was
continued until 2 consecutive sCr values were less than 1.5 mg/
dL (primary end point) or until day 14. Terlipressin was associated with a nonstatistically significant increase in confirmed
HRS reversal (19.6%) compared with placebo (13.1%; P = .22).
However, patients who achieved HRS reversal with terlipressin
were more likely to survive at 90 days (100%) compared with
those in the placebo group who achieved reversal (69.2%;
P <.001). There was a significant decrease in sCr level from
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baseline to end of treatment (terlipressin −1.1 mg/dL vs placebo
−0.6 mg/dL; P <.001). Notably, more patients in the terlipressin group experienced treatment-related AEs that led to drug
discontinuation (20.4%) compared with placebo (6.3%), which
were mainly GI or ischemia related.22
A systematic review and meta-analysis of 12 randomizedcontrolled trials enrolling 700 patients with HRS-1 sought to
establish the safety and efficacy of vasoactive therapy, including
terlipressin.28 Treatment with terlipressin and albumin was
associated with significantly increased HRS-1 reversal (defined
as achieving a sCr <1.5 mg/dL at least once) than treatment
with albumin alone or placebo (RR, 2.54; 95% CI, 1.51-4.26).
However, terlipressin was not associated with a significant
reduction in mortality (RR, 0.79; 95% CI, 0.63-1.01), and its use
led to a marked increased risk of ischemic events compared with
placebo (RR, 3.56; 95% CI, 1.64-7.72). One study comparing
terlipressin infusion to bolus regimens found increased HRS
reversal and reduced ischemic events with infusion therapy.
Unfortunately, mortality was higher in those receiving infusion
therapy (RR, 1.54; 95% CI, 0.86-2.91).28 A recent retrospective study evaluating 203 patients with HRS AKI in the United
Kingdom found that treatment with terlipressin was associated
with a nonstatistically significant increase in HRS response
compared with other vasopressor therapy (72.9% vs 59.1%;
P = .172).2 Patients treated with terlipressin had a statistically
significant increase in achieving a complete response compared
with use of other vasopressor therapy (50.2% vs 22.7%;
P = .014), and those with less severe HRS AKI (baseline sCr
<2.25 mg/dL) experienced higher response rates with terlipressin compared with those with severe AKI.2
The recently published CONFIRM trial is the largest (N =
300) investigation in the United States and Canada evaluating
the safety and efficacy of terlipressin plus albumin compared
with albumin alone. The trial is a multicentered, randomized,
placebo-controlled, double-blinded investigation in patients
with cirrhosis and ascites, rapid worsening of renal function
(sCr ≥2.25 mg/dL and expected to double within 2 weeks), and
no sustained improvement in renal function 48 hours after diuretic
withdrawal and plasma volume expansion with albumin.23,33 The
primary end point of HRS reversal was defined as 2 consecutive
sCr measurements of 1.5 mg/dL taken at least 2 hours apart up
to day 14 and survival without renal-replacement therapy for
at least an additional 10 days. Terlipressin plus albumin was
associated with a statistically significant 32% increase in verified reversal of HRS compared with 17% in the placebo plus
albumin group (P = .006). Overall, there was no significant
difference in patients progressing to liver transplantation in the

74

P HARMACY T I ME S . OR G
MAY 2021

terlipressin plus albumin versus albumin-only group over the
median follow-up of 56.1 days, 23% versus 29%, respectively.
More patients in the terlipressin plus albumin group experienced
abdominal pain, nausea, diarrhea, or respiratory failure (14%)
compared with the albumin-only group (5%).32
Given the available evidence, EASL recommends terlipressin
plus albumin as first-line treatment for HRS AKI. Terlipressin
is dosed as 1 mg IV bolus every 4 to 6 hours, and a stepwise
dose escalation up to 12 mg/day can be trialed in nonresponding
patients. Alternatively, continuous IV infusion of 2 mg/day
allows for reductions in total daily dose and fewer AEs.14
Although the combination of terlipressin and albumin may be
effective in HRS NAKI, recurrence is common and the impact
on long-term clinical outcome varies. Therefore, vasoconstrictors and albumin are not recommended in this clinical scenario
at this time.14
The FDA had assigned terlipressin a Prescription Drug User
Fee Act target date of September 12, 2020.34 Although the FDA
Cardiovascular and Renal Drugs Advisory Committee voted in favor
of the approval of terlipressin for HRS-1, the submission was ultimately rejected until more information to support a positive riskbenefit profile could be established. In the meantime, alternative
vasoconstrictor therapies must be utilized in the US population.
Norepinephrine
Although norepinephrine additionally exerts effects at the
β-1 receptor, its role in counteracting systemic vasodilation in HRS is primarily through α-adrenergic agonism.
The EASL recommends norepinephrine as an alternative
to terlipressin when terlipressin is unavailable. However, it
should be acknowledged this recommendation is based on
limited data.14
In a number of small single-center studies, norepinephrine at
a dose of 0.5 to 3 mg/hour given in combination with albumin
was shown to be as effective as terlipressin for the management
of HRS-1.21,26,27 In these studies, baseline creatinine clearance,
mean arterial pressure, plasma renin activity, and ChildTurcotte-Pugh score were demonstrated to be independent
predictors of response.26,27 The δ creatinine at day 4 of 0.15 mg/
dL/day or more was shown to accurately predict response to
vasoconstrictor therapy with a sensitivity, specificity, positive
predictive value, and negative predictive value of 90%, 75%,
78%, and 88%, respectively.26 In a cohort of 30 patients with
HRS-1, the combination of norepinephrine 1 to 4 mg/hour with
albumin achieved a 73% response rate as defined as attainment
of sCr less than 1.5 mg/dL within 14 days of therapy initiation.35 A systematic review and meta-analysis demonstrated
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that treatment with terlipressin plus albumin compared with
norepinephrine plus albumin was equivalent in reversing HRS-1
(RR, 0.99; 95% CI, 0.67-1.45). Terlipressin was associated with
more AEs overall compared with norepinephrine but fewer ischemic events (RR, 0.63; 95% CI, 0.15-2.59).28
Additionally, vasoconstrictor therapy has been evaluated
in HRS-2.36 Forty-six patients were randomized to either
terlipressin or norepinephrine in conjunction with albumin
20 grams/day. HRS response to therapy was similar between
groups, and multivariate analysis indicated baseline sCr, urine
output, and urinary sodium were associated with response.36 A
small, unblinded study of 22 patients with HRS-1 and HRS-2
demonstrated that norepinephrine 0.1 to 0.7 mcg/kg/min plus
albumin resulted in a nonstatistically significant difference in
the reversal of HRS (70%) compared with those randomized to
terlipressin 1 to 2 mg every 4 hours (83%). There was no difference in survival or ischemic events in this study.29
Norepinephrine is recommended to be administered via a
central venous catheter, and some hospitals may restrict its use
to ICUs only. A single-center retrospective study demonstrated
that vasoactive medications, including norepinephrine at doses
of up to 0.7 mcg/kg/min, can be safely administered via ultrasound-guided peripheral lines in a medical ICU. The extravasation rate overall was 2% but occurred in 3.1% of instances
of peripheral norepinephrine administration.37 Local practices
and protocols safeguarding the use of vasoconstrictor therapy,
including preferred route of administration, drug concentration,
and patient level of care, should be taken into consideration
when choosing therapy for HRS.14,21
Midodrine and Octreotide
Midodrine is an α1 agonist that causes splanchnic vasoconstriction. It has been studied in combination with somatostatin analog octreotide and albumin in comparison with
other vasoconstrictor regimens for the management of HRS
and is recommended as third-line therapy when terlipressin
or norepinephrine are unavailable.
In one study, 49 patients with HRS were randomized to
either terlipressin 3 mg/24 hours IV infusion (dose increased
up to 12 mg/24 hours if no response) versus midodrine 7.5 mg
orally thrice daily (maximum 12.5 mg thrice daily) plus octreotide 100 mcg subcutaneously thrice daily (maximum 200 mcg
thrice daily). Both groups received albumin 1 gram/kg IV on
day 1 and 20 to 40 grams/day thereafter. The terlipressin group
had a significantly higher rate of total or partial renal recovery
compared with the midodrine/octreotide group (70.4% vs
28.6%; P = .01). Improvement in renal function and lower base-

line MELD score were associated with survival at 3 months.30
Additionally, norepinephrine was compared with midodrine
plus octreotide in a small cohort of patients with either HRS-1
or HRS-2 (N = 23). Patients were randomized to receive norepinephrine 0.1 mcg/kg/min (titrated to a maximum of 0.7 mcg/
kg/min) or midodrine 5 mg orally thrice daily (maximum 15
mg thrice daily) plus octreotide 100 mcg subcutaneously thrice
daily (maximum 200 mcg thrice daily). Albumin 20 to 60 grams/
day was administered to all patients to maintain a CVP 10 to 15
cm H2O. Overall, there was no significant difference in attaining
a complete response to therapy in the norepinephrine (72.72%)
versus midodrine/octreotide (75%) groups.38 Due to significant
study limitations, larger multicenter, blinded, controlled trials
are needed to confirm these findings. Based on these studies,
midodrine plus octreotide should be reserved as vasoconstrictor
therapy only when terlipressin or norepinephrine are unavailable due to lower efficacy.14
Ornipressin
Ornipressin is a synthetic derivative of arginine vasopressin,
a potent vasoconstrictor, which primarily exerts activity
at the vasopressin-1 receptors in the splanchnic circulation. Ornipressin is thought to have the advantages of less
pronounced vasoconstrictor effects in the coronary circulation and weaker antidiuretic effect than arginine vasopressin;
however, it is not currently FDA approved or available for use
in the United States at this time. It has been shown to be effective in correcting mean arterial pressure and reducing renin
activity in patients with HRS-1.24 A small study evaluated 16
patients with cirrhosis and HRS who were treated with ornipressin and albumin for either 3 or 15 days. Three-day treatment was associated with normalization of RAAS and SNS
as well as increase in atrial-natriuretic peptide levels but only
a slight improvement in renal function. However, patients
treated for 15 days demonstrated improvement in renal function as evidenced by normalization of sCr concentration and
increase in renal plasma flow and glomerular filtration rate.
Unfortunately, 3 of 8 patients on 15-day treatment had to be
discontinued because of ischemic complications.24 In another
small study of 9 treatment episodes with ornipressin, drug
withdrawal was required following episodes of abdominal
ischemia and ventricular arrhythmia.25 Due to the high rate
of ischemic and cardiac complications seen with this agent,
ornipressin has largely fallen out of favor for use in HRS.

Transplantation

The only curative measure for HRS is a liver transplant to
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TABLE 4. SUMMARY OF PHARMACIST INTERVENTIONS TO
MANAGE HRS14,41,42

Prevention of HRS

• Recommend appropriate antimicrobial SBP prophylaxis

in patients with cirrhosis experiencing GI bleeding and
empiric therapy for confirmed SBP
• Provide albumin dosing and product selection
recommendations for volume expansion and paracentesis

controversial but may include those with cirrhosis and CKD,
sustained AKI that is unlikely to recover, or need for dialysis
prior to transplant.14,40 For those who do not receive SLK transplant, there is a mechanism in place for liver transplant recipients who do not recover renal function within 2 to 12 months
following transplant to be given higher priority within the
kidney allocation system for eventual kidney transplant.40

Treatment of HRS

• Identify nephrotoxic medications (diuretics, vasodilators,
NSAIDs, angiotensin-converting enzyme inhibitors,
nonselective β blockers, etc) for discontinuation and
recommend alternative therapies
• Provide albumin dosing and product selection
recommendations for volume expansion
• Recommend vasoconstrictor therapy based on drug
availability, patient level of care, and IV access
• Assess patient response to therapy by monitoring sCr,
urine output, volume status, blood pressure, cardiac
output, and other markers of perfusion
• Serve as a liaison within the care team as patients
transition from the inpatient to outpatient setting

GI, gastrointestinal; HRS, hepatorenal syndrome; IV, intravenous; NSAID, nonsteroidal anti-inflammatory drug; SBP, spontaneous bacterial peritonitis; sCr,
serum creatinine.

correct both the liver disease and associated impaired renal
function. However, not all patients qualify for transplantation
or they are too critically ill to be eligible for surgical intervention and lifelong immunosuppressive therapy.39 Even if
liver transplantation is successful, patients may not have full
renal recovery. Those with HRS, advanced kidney failure, or
requiring dialysis 6 to 8 weeks before liver transplant are less
likely to have recovery of renal function and have a higher
mortality risk. Ultimately, dialysis or renal transplant would
be required. 39
Renal failure in the setting of liver transplantation is associated with lower success and a higher mortality.14,39 Therefore,
pharmacologic modalities to treat HRS should be utilized to
restore renal function in individuals eligible for liver transplant
to optimize pretransplant status.39,40 However, HRS reversal with
vasoconstrictor therapy and albumin may transiently reduce the
MELD score, and, therefore, affect priority on the transplant
wait list. Experts are calling for a change in liver transplant
prioritization by the Liver and Intestine Transplant Committee,
including use of a weighted pretreatment sCr value, so medical
management of HRS and dialysis do not put patients on the wait
list at a disadvantage.40
Additionally, simultaneous liver and kidney (SLK) transplant
may be indicated in some situations. Criteria for SLK remain
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After reviewing the management of HRS AKI, what
types of interventions can pharmacists make to optimize
patient care?

The Health-System Pharmacist’s
Role in HRS

Pharmacists practicing in a health-system setting are critical
members of the health care team who can create patientspecific pharmaceutical care plans to improve outcomes
for those with cirrhosis and CLD. Pharmacists should be
familiar with the epidemiology, risk factors, and morbidity
and mortality rates associated with HRS and be able to distinguish between the different pathologic characteristics of HRS,
including HRS AKI and HRS NAKI. Given the recent change
in definitions of HRS subtypes, pharmacists should also be
aware of the traditional subtypes HRS-1 and HRS-2 to aid in
the interpretation of primary literature for this disease.
Pharmacists play an essential role in recognizing appropriateness of therapy and may directly influence the prevention or
reversal of HRS. TABLE 414,41,42 summarizes pharmacist interventions to manage patients with HRS. Immediate goals of
therapy include improving renal perfusion and counteracting
arterial vasodilation.14 Pharmacists can identify medications
that are directly nephrotoxic, result in arterial vasodilation,
or cause hypovolemia, and develop alternative care plans in
conjunction with the treating physician. It is within the purview
of the clinical pharmacist to assess patient sCr, volume status,
blood pressure, cardiac output, and signs of hypoperfusion in
order to make recommendations to optimize pharmacotherapy
to manage HRS.42 This may include discontinuation of diuretics
and numerous classes of antihypertensives to prevent AEs that
increase the risk for HRS.14,42 NSAIDs are also implicated in
precipitating HRS, and pharmacists may provide counseling
to patients on alternative over-the-counter analgesics. It has
been established that pharmacist-provided counseling improves
patient knowledge, attitude, and practice of disease management
in the CKD population.43 Many of the diet, lifestyle, and medi-

www.pharmacytimes.org

cation recommendations would also be applicable to patients
with CLD at risk for developing HRS and AKI.
Recent evidence shows that patients with CKD have better
outcomes when followed by a renal clinical pharmacist.44
According to a 5-month retrospective analysis of patients with
severe renal impairment, pharmacists successfully dose-adjusted
or withheld pharmacotherapy in patients at risk for AEs.45 It was
found that when pharmacists were part of the clinical decision
support system, they proactively dose-adjusted or withheld
medication with 99.6% accuracy in patients whose glomerular
filtration rate fell below an acceptable threshold.45
Pharmacists trained in critical care have been shown to reduce
hospital mortality, specifically with their involvement in antimicrobial stewardship, pharmacokinetic dosing, and other foundational medication therapy management.42 Clinical pharmacists
may aid in the prevention of HRS by identifying patients with
cirrhosis in need of evidence-based SBP prophylaxis in the
setting of acute upper GI bleeding, as well as select appropriate
empiric antimicrobials for those with confirmed SBP.14 Inpatient
pharmacists working closely with the antimicrobial stewardship
team are in a position to make guideline-supported antimicrobial recommendations while taking into consideration allergy
history, organ function, and local resistance patterns to provide
optimal drug selection, dosing, and monitoring.42
The role of albumin in resuscitation of critically ill and hospitalized patients remains a point of controversy. Its oncotic properties make it an appealing option compared with crystalloids in
patient populations where prevention of fluid overload is desirable. Unfortunately, there is a lack of robust data to substantiate
its use in many indications, including acute respiratory distress
syndrome, kidney transplantation, nutrition support, hypoalbuminemia, and intradialytic hypotension.46 Health-system costs
associated with use of albumin have increased substantially in
the past decade and have created many pharmacist-led mitigation or stewardship strategies. Fortunately, large-volume paracentesis, SBP, and HRS are among the most studied indications
for albumin and are generally recognized as appropriate uses
for the volume expander.46 As discussed earlier in this article,
dosing of albumin is variable depending on the indication. A
downstream effect of health-system albumin stewardship initiatives is the pharmacist ensuring appropriate product selection
and dosing based on indication, which is important when differentiating among HRS, SBP, and large-volume paracentesis.
Pharmacist-based interventions can significantly improve
clinical outcomes of patients with HRS by serving as a bridge
between the physician and patient. Long-term goals of therapy

may include optimizing the patient for transplant, and pharmacists can aid in patient transition from the inpatient to outpatient
setting. It has been shown that poor care transitions result in
inappropriate use of health care resources, readmissions, and
complications, as well as increase the risk of patient harm.41
Well-trained health care teams that include pharmacists with
knowledge of patient clinical status, treatment goals, and preferences are able to improve patient outcomes. Patients with
HRS would generally be classified as having highly complex
medication regimens due to the number of agents prescribed
and the potential for significant changes to be made during
hospital admission. Therefore, patients with HRS would benefit
from high-impact transitions of care with pharmacist practices
including medication reconciliation at hospital admission and
discharge, pharmacist resolution of medication discrepancies
with the health care team, education at discharge, and telephone
follow-up at set time frames following hospital discharge.41

Conclusion

HRS is associated with a high morbidity and mortality. HRS
classifications have recently been updated to better differentiate subtype pathophysiology, with the tempo of renal failure
being the hallmark distinguishing factor between HRS AKI
and HRS NAKI. HRS AKI is commonly precipitated by paracentesis of ascites, infection, or hypovolemia. Pharmacists
are positioned within the health care system to ensure implementation of appropriate HRS preventive and treatment plans,
including pharmacotherapy with albumin volume expansion
given in conjunction with vasoconstrictor therapy. Selection of vasoconstrictor therapy depends on drug availability,
patient level of care, and type of IV access. Ultimately, transplantation is the only curative measure for HRS. Patients with
HRS and cirrhosis generally require complex medication
regimens to ensure maintenance of adequate renal perfusion.
Pharmacists are well-equipped with strategies to ensure smooth
transitions of care and provide important patient counseling.
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POSTTEST QUESTIONS
1.

Which pair of mechanisms best describes the pathophysiology of hepatorenal syndrome (HRS)?
A. Inflammatory cytokine release and peripheral arterial
vasoconstriction
B. Peripheral arterial vasodilation and upregulation of
renin-angiotensin-aldosterone system (RAAS)
C. Upregulation of RAAS and renal artery vasodilation
D. Renal artery vasodilation and inflammatory
cytokine release

2. Which of the following is the most common identifiable
cause of HRS acute kidney injury (AKI)?
A. Diuretics
B. Nonsteroidal anti-inflammatory drugs (NSAIDs)
C. Paracentesis
D. Spontaneous bacterial peritonitis (SBP)
Please use the following case vignette to answer questions
3 and 4.
JM is a 59-year-old man (110 kg) with a past medical history of hepatitis C, cirrhosis, hypertension, and diabetes mellitus who is brought to the hospital by family stating he is
experiencing new-onset confusion. On examination, he has
tense ascites, and family states he ran out of furosemide a
few days ago. Today his serum creatinine is 2.42 mg/dL, up
from 1.15 mg/dL at his last outpatient visit 2 months ago.
3. What order for albumin volume expansion do you recommend in JM?
A. 100 grams on hospital days 1 and 2
B. 110 grams on hospital days 1 and 2
C. 100 grams on hospital days 1 and 3
D. 165 grams on hospital days 1 and 3
4. On hospital day 3, JM’s serum creatinine is 2.51 mg/
dL. Which of the following correctly describes HRS AKI
staging?
A. Stage 1a
B. Stage 1b
C. Stage 2
D. Stage 3
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5. MK is a 43-year-old woman with no known drug allergies and a history of alcoholic liver cirrhosis, portal
hypertension, and prior episodes of esophageal variceal
bleeding. She presents to the emergency department
after having 2 episodes of bloody emesis at home.
Which of the following antimicrobials should she receive to prevent SBP?
A. Ceftriaxone 1 gram intravenous (IV) daily for 7 days
B. Cefepime 2 grams IV twice daily for 10 days
C. Levofloxacin 500 mg IV daily for 7 days
D. Ciprofloxacin 500 mg PO twice daily for 10 days
6. You are performing a medication reconciliation on a
patient with history of cirrhosis, diabetes mellitus, and
chronic pain at hospital admission. Which medication
should be discontinued to prevent the development of
HRS?
A. Oxycodone
B. Metformin
C. Lidocaine patch
D. Naproxen
Please use the following case vignette to answer questions
7 and 8.
SA is a 53-year-old man (100 kg) with a past medical history of cirrhosis and heart failure who is diagnosed with
HRS AKI after a 48-hour period of diuretic withdrawal and
albumin volume expansion. His serum creatinine was 2.67
mg/dL 3 months ago. His serum creatinine today is 3.03
mg/dL.
7. You are the clinical pharmacist at a US liver transplant
referral center. Which of the following regimens should
be recommended to treat HRS in this patient?
A. Midodrine 5 mg orally thrice daily and albumin 20
grams IV daily
B. Midodrine 5 mg orally thrice daily and octreotide 100
mcg subcutaneously thrice daily
C. Norepinephrine 0.5 mg/hour and albumin 40 grams IV
daily
D. Norepinephrine 0.5 mg/hour and albumin 100 grams
IV daily
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POSTTEST QUESTIONS (continued)
8. You are the clinical pharmacist at a US community
medical center. Which regimen should be recommended to treat HRS in this patient without a central line or
ultrasound-guided peripheral line on day 1?
A. Midodrine 5 mg orally thrice daily and albumin 20
grams IV daily
B. Midodrine 5 mg orally thrice daily, octreotide 100 mcg
subcutaneously thrice daily, and albumin 40 grams
IV daily
C. Norepinephrine 0.1 mcg/kg/min and albumin 40 grams
IV daily
D. Norepinephrine 0.1 mcg/kg/min, octreotide 100 mcg
subcutaneously thrice daily, and albumin 20 grams IV
daily

10. The CONFIRM trial evaluated the use of terlipressin plus
albumin compared with albumin alone. Which of the
following was a finding of the study?
A. There was no difference in need for early renal replacement therapy between groups.
B. There was no difference in ischemia-associated
adverse effects between groups.
C. A higher proportion of patients in the terlipressin
group ultimately received liver transplants.
D. Terlipressin was associated with significant increase in
reversal of worsening renal function.

9. The REVERSE trial evaluated the safety and efficacy of
the combination of terlipressin plus albumin compared
with the combination of placebo plus albumin in the
management of HRS AKI. What did findings from the
REVERSE trial demonstrate?
A. Patients who achieved HRS reversal with terlipressin
were more likely to survive at 90 days.
B. Patients who received terlipressin had a similar
decrease in serum creatinine as placebo.
C. Terlipressin was associated with a statistically significant increase in confirmed HRS reversal compared
with placebo.
D. Terlipressin was not associated with more treatmentrelated adverse effects than placebo.
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