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I T IS NO SURPRISE that pharmacy technicians are in short supply 
because of heavy workloads, inadequate staffing levels, and, most 

of all, low salaries.
In a 2021 American Society of Health-System survey, 75% of 

technicians said that higher pay would help them stay in 
their positions.

Some of the other survey results are equally alarming. 
Most pharmacy executives surveyed reported technician turnover 

rates of 21% to 30%, and 10% of executives reported losing 41% or 
more of their technician workforce. In addition, a vacancy rate of 
22.2% and 20.8% was reported for inpatient and ambulatory techni-
cian positions, respectively. And 89% of pharmacy executives said 
that pharmacists were forced to perform technician duties, 53% that 
service reductions were required, and 48% that expansion of new 
services had been delayed.1

This urgent issue is addressed in both this month’s Cover Feature 
and the Editor’s Note.

How does the profession fix this problem? In the Cover Feature, 
authors Andrew J. Donnelly, PharmD, MBA, FASHP; and Jamie 
Paek, PharmD, say that pharmacy executives continue to use a 
variety of strategies, not all with equal success, to recruit and retain 
technicians, including: developing career ladders that provide 
advancement opportunities, implementing training programs, 
offering incentive pay for open shifts, paying the cost of meeting 
registrations and memberships, serving as rotation sites for external 
training programs to increase the pool of recruits, and offering 
sign-on bonuses. 

One way to address the problem is the use of agency technicians 
to mitigate short-term staffing needs. But that does not address 
the biggest issue: compensation. Technicians are vital members of 
pharmacy teams and stepped up even more during the COVID-19 
pandemic. It is time to compensate them in accordance with their value.

Elsewhere in this issue, we look at radio frequency identification 
to enhance patient safety, guidelines for managing chronic obstruc-
tive pulmonary disease, treating children with community-acquired 
pneumonia, managing hemophilia A, the battle over 340B hospitals 
at the Supreme Court, improving pain management with precision 
pharmacotherapy, and the high potential for gabapentin misuse.

Thanks for reading!
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A S WE EMERGE from 2-plus years 
of the public health emergency 
associated with the COVID-19 

pandemic, our health systems are facing 
unprecedented challenges that may 
affect the survival of some and that will 
have repercussions throughout many 
sectors of the economy. While several 
challenges are combining to create a 
serious financial crisis for many health 
systems, the effects run much deeper 
and affect safety, quality, and clinician 
well-being. I can speak to the many 
levers that are affecting our system, 
but in conversations with colleagues 
throughout the country, these certainly 
appear to be common themes.

One of the major contributors is 
people—or more accurately, a lack 
thereof. Staffing shortages are signifi-
cantly affecting our ability to take 
care of patients, and if we cannot 
take care of patients, health systems 
cannot generate revenue. While the 
nursing crisis is often most visible, 
there are severe shortages in many 
other areas, including laboratory 
technologists, imaging technologists, 
dietary technicians, nursing assistants, 
outpatient office assistants, and, of 
course, pharmacy technicians, to name 
just a few. All of these positions are 
essential to a complex health system’s 
ability to provide usual patient care. 
To keep beds open, most institutions 

are engaging contract nurses and 
other contract labor at considerably 
higher costs. There have also been 
significant wage concessions at many 
health systems in an attempt to retain 
and engage existing employees (it is 
arguable that some of these may have 
been overdue). Wage and benefits are 
typically about 65% to 70% of the 
operating costs for a health system and 
increases of 20% or more in the past 
year are commonplace, with at least  
1 report that labor costs have increased 
37% over prepandemic levels.1

Like every other business and 
household, health care systems are 
also having to endure near double-digit 
inflation on medical supplies, nonmed-
ical supplies, food, utilities, and essen-
tially everything else needed to operate 
a large complex organization. The 
inflationary trends in the construction 
industry are having crippling effects on 
planned and ongoing capital projects. It 
is very clear that the cost of doing the 
business of health care has increased 
annually by double-digit percentages 
over the past 2 years in an industry 
that always survived on very thin (or 
absent) margins prepandemic.

The other major levers affecting the 
viability of health systems are on the 
revenue side of the equation. Because 
of staffing challenges, many organi-
zations have to block beds, thereby 

Emerging From a Pandemic: Decision-Making Remains Challenging
Double-Digit Inflation, Low Reimbursement Rates, and Staffing Shortages 
Present Obstacles
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reducing overall patient capacity, surgical volumes, and 
resulting revenue. In addition, many regions are seeing 
the loss of access to long-term care facility (LTCF) beds 
due to a combination of understaffing in LTCFs and 
an overall reduction of remaining facilities during the 
pandemic. This is resulting in a backup of LTC patients 
into acute care beds. The backup not only reduces 
revenue due to being paid alternate level of care rates 
on those patients, but also decreases new admissions 
because of the essential loss of those acute care beds. 
These capacity issues are contributing to sizable revenue 
losses compared with prepandemic levels.

Even if health systems could maintain prepandemic 
throughput, reimbursement for care has not kept pace 
with the changes in operating costs. On July 1, 2022, the 
full 2% Medicare sequestration went into effect, nulli-
fying any benefit of increased Medicare rates. Medicaid 
reimbursement rates are considerably lower than the 
costs of providing care, and many institutions are 
experiencing growth of Medicaid in their payer mix over 
recent years, further eroding profitability.2 Commercial 
rates, while negotiable, have not increased at a rate that 
can compensate for other losses. For 340B-eligible insti-
tutions, the actions taken by 18 pharmaceutical compa-
nies to restrict access to contract pharmacy purchases 
have had a significant negative financial impact on those 
organizations. Earlier in the pandemic, financial relief 
from the Coronavirus Aid, Relief, and Economic Secu-
rity Act delayed some of the impact of these forces, but 
many organizations are now facing a looming financial 
crisis without easy solutions being evident.

The fallout will be broad. The cost increases for health 
care at the governmental and private levels may need 
to be substantial to prevent a potential collapse of the 
system. Most large health systems have been forced to 
cancel or postpone major capital investments, which 
will not only impact the construction industry and 
health care equipment and technology vendors but will 
also put communities at risk of declining or decaying 
facilities and substandard health care technologies in the 
future. In many communities, health systems are major 
employers and an economic engine, and any decline or 
failure can have profound effects on a community.

Of course, the impact goes beyond the financial. The 
increased stress on health care workers has been very 
well documented and has certainly worsened during 
the pandemic.3 This leads to burnout, loss of talented 
people from health care, and potentially negative 
impacts on patient care. The backup of patients into 
our emergency departments and overall loss of access 
to acute care facilities is leading to negative impacts 
on the quality of care, delayed surgical interventions, 
postponement of care until disease is more advanced, 
and a general decline in the quality of care provided 
by our health systems.

The pharmacy enterprise has become a major contrib-
utor to the success of large health systems in the past 
decade, and pharmacy is often a department with a major 
contribution to the financial and clinical success of the 
system. You can be certain that our leadership will turn 
to the pharmacy for additional plans to support the orga-
nization’s recovery. In the near future, health-system 
pharmacy leaders will face a much more difficult envi-
ronment for decision-making and must take into consid-
eration the many factors that are affecting the viability 
of our organizations broadly. What has worked in the 
past may not be adequate for the future, and growth may 
be replaced by redirection through making smart, diffi-
cult, and careful strategic decisions. It will be highly 
valuable for health-system pharmacy leaders to continue 
to share successes and failures with our peers through 
many venues, including the pages of this publication 
and the many affiliated online resources. We have many 
challenges ahead, but I am confident we will succeed. ■
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Real-world Results of Gilead’s Biktarvy 
Show Long-term Efficacy, Safety Profile

G ILEAD SCIENCES INC presented real-world results 
from the BIC-STaR study (NCT03580668), evaluating 
bictegravir 50 mg/emtricitabine 200 mg/tenofovir 

alafenamide 25 mg tablets (B/F/TAF) (Biktarvy) in individuals 
with HIV.

Investigators found that the past 5 years of data from 2 phase 
3 studies (NCT02607956 and NCT02607930) showed evidence 
of the long-term efficacy and safety profile of B/F/TAF in those 
who switched from a dolutegravir-containing regimen.

The data were presented at the 30th International Congress on 
Drug Therapy in HIV Infection.

“These latest data demonstrate how innovation and improve-
ment in HIV treatment options can help [individuals] living with 
HIV and their [physicians] identify an HIV treatment regimen 
that supports their treatment over the long term,” Benoit Trottier, 
MD, director of research at Clinique de Médecine Urbaine du 
Quartier Latin in Montreal, Canada, said in a statement.

“Factors such as aging and comorbidities are vital components 

of long-term health discussions. The BIC-STaR study reinforces 
the real-world effectiveness of [B/F/TAF] across populations 
with a range of comorbidities, and the findings are consistent 
with evidence from randomized clinical trials of [B/F/TAF] 
treatment,” Trottier said.

The data were presented from the 24-month BIC-STaR 
follow-up analysis, which evaluated the effectiveness and safety 
of the drug in clinical practice across 9 countries.

The analysis included a follow-up during the COVID-19 
pandemic, and investigators adjusted for adherence, age, late 
diagnosis, race, and sex in the population group.

They found that the individuals who started treatment with 
B/F/TAF experienced high viral suppression. Overall, approxi-
mately 97% of individuals who were treatment naïve and 
95% of those who were treatment experienced achieved viral 
suppression at 24 months.

There were no reports of treatment-emergent resistance. 
Approximately 14% of individuals discontinued treatment, and 
7% discontinued B/F/TAF, because of drug-related adverse 
events (DRAEs). The most commonly reported DRAEs were 
depression at 1% and weight change at 3%.—Ashley Gallagher

Capivasertib Plus Faslodex Meets Primary 
End Points in Phase 3 Trial for Breast Cancer 

F ULVESTRANT (FASLODEX; ASTRAZENECA) in 
combination with capivasertib (AstraZeneca) demonstrated 
a statistically significant and meaningful improvement in 

progression-free survival (PFS) compared with the placebo and 
fulvestrant in individuals with hormone receptor (HR)–positive, 
human epidermal growth factor receptor 2 (HER2)–low of 
negative locally advanced or metastatic breast cancer, following 
progression or recurrence on or after endocrine therapy, according 
to results from the CAPItello-291 (NCT04305496) phase 3 trial.

“The CAPItello-291 phase 3 trial results show capivasertib offers 
a clinically meaningful improvement in progression-free survival for 
patients with HR-positive breast cancer. This potential new medi-
cine could give people more time with their cancer under control, 
which is a priority for patients and their families,” Nicholas Turner, 
MD, PhD, professor of molecular oncology at the Institute of Cancer 
Research in London and the Royal Marsden NHS Foundation Trust 
in London, United Kingdom, said in a statement.

The trial met both primary end points, which included improving 
PFS in the overall patient population and in a prespecified 
biomarker subgroup of individuals whose tumors had alterations 
in the PIK3CA, AKT1, or PTEN gene. In the trial, approximately 
40% of tumors had these alterations. The overall survival data were 
immature at the analysis, but investigators said they will continue to 
assess it as a key secondary end point, as the early data are positive.

Additionally, the safety profile of the drug combination was 
similar to that observed in previous trials with the same combination.

The CAPItello-291 trial is a randomized trial that is part of a 
larger clinical program investigating capivasertib.—Ashley Gallagher

Pharmacy Times®, Parata Systems 
Announce 2022 NGP Award Winners

P HARMACY TIMES® AND PARATA SYSTEMS, 
a provider of pharmacy automation, announced the 
2022 Next-Generation Pharmacist® award winners. 

Ten category winners were recognized for their remarkable 
achievements in the pharmacy profession at a gala event in 
Kansas City, Missouri. Matthew Pruitt, PharmD, a Walgreens 
pharmacist in the Phoenix, Arizona, area, received the top 
honor as the 2022 Next-Generation Pharmacist® of the Year.

The category winners are as follows:
•  Civic Leader: Matthew Pruitt, PharmD, Walgreens
•  Future Pharmacist: Alyssa B. Reese, PharmD, May 2022 

graduate of the University of Maryland Eastern Shore School 
of Pharmacy, Central Virginia VA Health Care System

•  Health System Pharmacist: Michelle R. Locke, 
PharmD, BCACP, Alaska Native Tribal Health 
Consortium/US Public Health Service

•  Lifetime Leadership: Glen Pietrandoni, RPh, AAHIVE, 
Avita Pharmacy

•  Patient Care Provider:
°  Christy M. Ware, PharmD, RPh, Walgreens
°  Victoryn S. Williams, PharmD, MBA, BCPS, VillageMD

•  Pharmacy Educator: Renee Robinson, PharmD, MPH, 
MSPharm, MBA, Idaho State University

•  Rising Star: Farah Jalloul, PharmD, MBA, BS, 
Michigan Pharmacists Association

•  Specialty Pharmacist: Brandon Salke, PharmD, CSP, 
Optime Care

•  Technician: Shayla Smith, CPhT, Avita Pharmacy
•  Visionary Pioneer: David Medvedeff, PharmD, MBA, 

Aspen RxHealth
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MEDICAL WORLD NEWS BEHIND THE SCIENCE™

Behind Hand Hygiene Adherence
Laura Miller, MD, MPH, University of Minnesota Medical 
School, discusses why health care professionals do not 
find themselves following the strict hand hygiene protocol 
that the public is encouraged to follow.

TO WATCH: https://bit.ly/3RLtSOr

MEDICAL WORLD NEWS MEDICAL MINUTES

September 1
News regarding abortion bans, cardiovascular disease, 
COVID-19, and dental practices delivered in a breaking-
news format.
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Deep Dive Into the 2022 Flu Season
Gregg Sylvester, MD, MPH, chief health officer at CSL 
Seqirus, discusses an FDA-approved cell-based flu vaccine 
for children as young as aged 6 months, how to prepare 
for the upcoming flu season, and trends in childhood 
vaccination rates.

TO WATCH: https://bit.ly/3rAI5Dr

Medical World News™ is a first-of-its-kind 24-hour 
online program for health care professionals, by 
health care professionals. The site provides video 
editorial content on a variety of cutting-edge topics 
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demand for all health care stakeholders, offering the 
latest news and information in an easily digestible, 
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Challenges, Opportunities 
Mark Health Care 
Landscape in 2022
Burnout, Drug and Technician Shortages, 
Home Care, Remote Work, and Telehealth 
Continue to Trend
B Y  A N D R E W  J .  D O N N E L LY,  P H A R M D ,  M B A ,  F A S H P ;  A N D  

J A M I E  PA E K ,  P H A R M D

T HIS YEAR, PROFESSIONALS in health-system 
pharmacy have had their fair share of challenges—
and opportunities, too. Although it’s impossible to 

address them all, the ones discussed below seem to be 
on everyone’s list. 

Challenges  
Pharmacy technician shortages. It’s virtually 
impossible to attend an industry conference or even 
have a conversation with a colleague without discussing 
this problem, which continues to beset health-system 
pharmacies. Worse still, there is no indication that it 
will abate anytime soon. Results of a survey conducted 
in late 2021 by the American Society of Health-System 
Pharmacy (ASHP) showed the magnitude of the issue, 
with key findings that include the following:

•  Most pharmacy executives reported technician 
turnover rates of 21% to 30%, and 10% of 
executives reported losing 41% or more of their 
technician workforce.

•  A vacancy rate of 22.2% and 20.8% was reported 
for inpatient and ambulatory technician positions, 
respectively.

•  Eighty-nine percent of pharmacy executives said that 
pharmacists were forced to perform technician duties, 
53% that service reductions were required, and 48% 
that expansion of new services had been delayed.1

Pharmacy executives continue to use a variety of 
strategies, not all with equal success, to recruit and 
retain technicians, including developing career ladders 
that provide advancement opportunities, implementing 
training programs, offering incentive pay for open shifts, 
raising salaries, paying the cost of meeting registrations 
and memberships, serving as rotation sites for external 
training programs to increase the pool of recruits, and 
offering sign-on bonuses. Another option available to 
them is the use of agency technicians to mitigate short-
term staffing needs.1

The ASHP also surveyed technicians, and results ©
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showed that a determining factor in their job satisfaction 
was having a positive relationship with supervising 
pharmacists. Although it’s imperative that pharmacy 
executives promote such relationships, salary is the 
main factor to be addressed. Seventy-five percent 
of technician respondents indicated that higher pay 
would help them stay in their current position. Heavy 
workloads and inadequate staffing were also given as 
reasons why technicians left their jobs.1   

Drug shortages. In the second quarter of 2022, there 
were 265 drug shortages. The amount of time and 
effort staff spent addressing them was staggering. In 
an ASHP survey from early this spring, more than 99% 
of respondents said that they had been affected by the 
scarcity of critical drugs.2 More recently, the shortage 
of iohexol (Omnipaque), a contrasting agent for x-rays, 
made the national news, and human albumin is once again 
difficult to obtain in the quantities required. Pharmacy 
staff continue to mitigate shortages by switching to 
therapeutic alternatives, increasing conversion from 
intravenous to oral formulations, and changing order 
sets and protocols. On the operational side, they swap 
products in anesthesia trays and crash carts, purchase 
alternative or nonformulary vial sizes, and centralize 
inventory. Of note, slightly more than 20% of respondents 
said they had purchased drugs in short supply from a gray 
market wholesaler, and 7.1% reported that a medication 
safety event occurred as the result of a shortage.2 To 
identify and implement long-term solutions, national 
pharmacy organizations will have to work with the FDA, 
the federal government, and other professional health 
care organizations.3  
 
Burnout. Burnout, a preexisting problem that was 
only exacerbated by COVID-19, continues to hound 
pharmacists and technicians. Shortages of the latter and 
the increased workload associated with the undersupply of 
drug have increased burnout.4,5 To mitigate it, pharmacy 
leadership must pursue the following strategies: 

•  Ensure that sufficient staff is available to perform the 
work that needs to be done.

•  Create a workplace culture that fosters camaraderie, 
collegiality, and interpersonal relationships.

•  Increase technician salaries so they are 
commensurate with the work being performed.

•  Minimize staff, especially technician, turnover as 
much as possible.

•  Promote flexible work schedules and work-life 
balance. 

•  Use incentives and rewards whenever appropriate.
•  Provide counseling and other employee assistance 

and support as needed.4,5

Even after implementing these actions, however, 
meaningful improvement in this area may be quite 
challenging. 

340B drug pricing program in peril. The 340B program 
faces challenges from 18 drug manufacturers.6 If it is 
significantly altered, the consequences will be devastating 
for 340B hospitals that rely on these savings to support 
care for underserved patients. Pharmaceutical companies 
have imposed restrictions on 340B discounts when 
drugs are dispensed at community pharmacies, including 
requiring that claims data be provided to a designated 
vendor to access 340B discounts at contract pharmacies 
and allowing only a single-contract pharmacy to access 
340B pricing if the hospital does not have an in-house 
pharmacy that can dispense drugs purchased under 340B.7 
Since the end of 2021, the estimated annualized impact 
of restrictions on 340B hospitals has more than doubled, 
to a median of $2.2 million for disproportionate-share 
hospitals, rural-referral centers, and sole community 
hospitals, and to $448,000 for critical-access hospitals.7 
Challenges to the legality of these restrictions are being 
played out in the courts, with the federal government 
continuing to advocate for a 340B program that preserves 
its original intent. It is imperative that 340B hospitals 
prepare a community benefit report detailing the use 
of its 340B savings as well as patient impact profiles 
demonstrating how the program positively affects their 
care. These documents can have a significant impact 
when advancing the cause on Capitol Hill. 

White bagging. White bagging is not going away but 
is, in fact, increasing in frequency. For health-system 
pharmacies, it can lead to problems with finances, patient 
care, regulation, and safety.8 The drugs targeted by white-
bagging programs are frequently expensive chemotherapy 
agents and other specialty medications. The ASHP has 
developed recommendations for states to consider when 
developing white-bagging legislation.9 Several states have 
been successful at getting legislation passed to address 
this issue.10 From a hospital perspective, the goal should 
be to allow white bagging when it is the only option to 
care for a patient and failing to do so would result in a 
negative outcome. Furthermore, hospitals should fight 
for the ability to buy and bill for these medications 
themselves.11 Such efforts are needed at the national and 
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state levels to oppose payer-mandated white bagging.12 
It is important to engage with and educate both the 
government relations group within an institution—so that 
it can, in turn, educate state legislators—and the managed 
care contracting team, which is, after all, negotiating 
payer contracts.

Opportunities
Hospital at home. The pandemic greatly increased 
hospitals’ interest in moving patient care out of the 
facility, in large part to help alleviate capacity overload. 
Although not a new care model, many health systems and 
hospitals have recently implemented or are in the process 
of implementing the hospital-at-home (HAH) model, 
under which acute care is provided at a patient’s home 
for conditions such as asthma, cellulitis, heart failure, 
and pneumonia that historically would have required 
admission.13 Care is typically a combination of in-person 
visits and telehealth monitoring by various health care 
providers, including pharmacists. As of September 30, 
2022, the Centers for Medicare & Medicaid Services 
(CMS) had approved 114 systems and 256 hospitals in 
37 states for the Acute Hospital Care at Home initiative 
(AHCaH), which began in November 2020.14 Hospitals 
can request a CMS waiver for 2 participation conditions 
that allow care to be given at home but reimbursed as 
if provided at the hospital.15 Institutions receive full 
payment for patients’ Medicare Severity Diagnosis 
Related Groups. The concern exists, however, that the 
CMS waiver for the AHCaH program may not continue 
once the public health emergency (PHE) expires. Our 
hospital is discussing the HAH program with other payers 
to assess potential interest. However, as previously stated, 
HAH programs were in place and successful before 
the AHCaH was established. Hospitals considering an 
HAH program should have a pharmacist on the senior 
committee charged with its implementation who can take 
the lead on all aspects of the program related 
to medications. 

Telehealth. Over the past 2 years, pharmacists have 
embraced telehealth so as to continue providing care. 
As defined by the Department of Health and Human 
Services, telehealth is the “use of electronic information 
and telecommunications technologies to support and 
promote long-distance clinical health care, patient and 
professional health-related education, and public health 
and health administration.”16 Telehealth can be performed 
via the internet, the telephone, streaming media, 

store-and-forward imaging, and videoconferencing.17 
Due to the pandemic, CMS authorized telehealth waivers 
that eliminated some of the limitations previously in 
place, like the requirement for an in-person visit before 
transitioning to telehealth. Care of patients via telehealth 
during the COVID-19 PHE was so successful that CMS, 
commercial payers, and state policy makers indicated 
they wanted to continue using it.18 The ASHP recently 
released a Statement on Telehealth Pharmacy Practice that 
“advocates for telehealth utilization in suitable functions 
of pharmacy operations and patient care to improve 
patient outcomes, expand access to health care, enhance 
patient safety, achieve effective cost of care, and interact 
with other health care team members.”18 Reimbursement 
for pharmacist-provided telehealth services, however, 
has been difficult to obtain because pharmacists are 
not considered health care providers under Medicare 
Part B. Therefore, the ASHP is working toward having 
pharmacists recognized as reimbursable health care 
providers by all health insurance plans, including 
Medicaid and Medicare, although it is cognizant that 
intermediate steps may be needed before this occurs.18 
The bottom line is that telehealth is here to stay, so it is 
imperative that the pharmacy profession take a leading role 
in its refinement. 

Flexible workplaces. The pandemic also provided an 
opportunity for health care to reevaluate its belief that 
most procedures must be performed onsite. Historic 
concerns about remote work included questions about 
worker productivity and the feasibility of performing 
certain functions at home. However, studies have 
demonstrated that pharmacists can be more productive 
when working from home and have higher job 
satisfaction, suffer less burnout, and call out less 
frequently.19,20 Many pharmacist and technician duties—
like chart review, acquisition of drug preapproval, order 
entry and verification, follow-up calls, and the 
provision of drug information—can be accomplished 
with just a computer and a phone. Staff often prefer a 
mix of onsite and offsite work. In our department, we 
have successfully implemented a hybrid model for the 
pharmacy information technology team, 
preauthorization technicians, and specialty pharmacists 
and technicians. 

It is inevitable that some of these challenges and 
opportunities will still be with us in the New Year. 
However, it is also a given that 2023 will bring its own 
set of challenges and opportunities. ■
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R ADIO FREQUENCY IDENTIFICATION 
(RFID) is a technology that uses tags 
and readers to identify and collect 

asset information. In pharmacies, this 
usually means RFID is used for high-
cost equipment or pharmaceuticals. RFID 
applications have been in use for many 
years but recently gained traction in health 
systems. RFID is becoming particularly 
effective in drug inventory and automation 
applications, such as medication carousels 
and pick-to-light systems.

Traditionally, the most popular use in 
pharmacy has been in code tray and box 
management applications.1,2 Between 2004 
and 2009, RFID technology was actively 
pursued by pharmaceutical companies and 
wholesale distributors, which envisioned 
streamlining the inventory management 
process in their vast warehouses. However, 
costs and technical difficulties swung 
the pharmaceutical industry globally to 
deploying 2D barcodes for serializing 
products and tracking them through the 
supply chain. Passage of the Drug Supply 
Chain Security Act (DSCSA) in the United 
States in 2013 and the Falsified Medicines 
Directive in the European Union in 2011 
locked in the path chosen by the industry.3,4

The mention of the DSCSA highlights a 
critical element of this RFID movement: 
The technology can supply the same 
or even better anticounterfeiting and 
supply chain visibility that 2D barcode 
system delivers, including all data the 
law mandates. Technically, the FDA has 
required the use of 2D barcodes and 
human-readable product identification on 
packages so, at best, RFID would duplicate 
but not substitute the 2D barcodes.2

RFID has many advantages over linear 
2D barcoding. For example, a barcode on a 

medication bottle includes a stock-keeping 
unit that represents the National Drug Code 
and may contain other information, such 
as the expiration date, lot number, and 
package size. However, it does not change 
without being substituted with a new 
packet or sticker, needing a direct line of 
eyesight and human manipulation. The 2D 
barcode is limited in the number of char-
acters it can maintain and can be difficult 
to read depending on the condition of the 
barcode. Furthermore, the 2D barcode is 
easily counterfeited, whereas an RFID tag 
is nearly unattainable to counterfeiting.5

RFID uses radio waves for data collec-
tion and transfer and is considered a 
next-generation innovation for automatic 
data collection and asset tracking. It can 
capture data automatically and efficiently 
without human intervention. RFID tech-
nology sales for supply chain applications 
recorded $1.43 billion in 2019 and have 
continued to grow.6 Although the cost of 
the application is greater than barcode 
technology, there are many operational 
gains justifying the cost, including 
improved privacy, safety, and security.

Including RFID in pharmacy promotes 
inventory management and improves 
picking accuracy, identification, and safety. 
These systems enable real-time data use, 
which leads to the prevention of inventory 
loss and theft. In addition, integrating 
RFID-enabled systems with wholesalers 
and other inventory systems facilitates 
better inventory management, resulting in 
less overstock and improved operational 
efficiency.6,7 

With the rapid development of science 
and technology in health care, the market 
for high-value medical consumables also 
continues to advance. As consumables 
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are more widely used, health systems 
can provide a higher level of care. In 
pharmacy, because of the high price and 
variety of high-value medications (often 
specialty drugs), it is critical to carry out 
efficient and traceable control of these 
products’ procurement, storage, allocation, 
user registration, and waste disposal. 
RFID systems enable visual information 
management of the whole process and 
allow a real-time 2-way traceability 
closed-loop management to secure the 
quality and safety of consumables. As a 
result, the RFID system recognizes the 
best information management of the whole 
process of high-value consumables appli-
cation, approval, procurement, acceptance, 
warehousing, inventory management, and 
warehousing use. At the same time, it 
can instantly identify consumable infor-
mation and carry out batch warehousing 
operations, which is convenient and fast, 
effectively reducing clinical workload and 
improving efficiency.8 

RFID technology is being used in 
prefilled syringes in acute and critical 
care settings. These ready-to-administer 
syringes can be combined with passive 
ultra high-frequency RFID tags, reader 
stations, and cloud-based registry to 
help clinics and hospitals automatically 
and individually identify each unique 
product.9,10 This has major safety impli-
cations, as the product can be identified, 
product quantity adjusted, and reordered 
without scanning the product.  
   As the use of RFID expands, these prod-
ucts can be used to prevent missing medi-
cations in tube systems, improve materials 
management and the process of tracking 
of patients, and be embedded into labels 
and with pick-to-light technologies with 
RFID to enhance safety. Pharmacies play 
a crucial role in achieving an RFID-inte-
grated health system to optimize patient 

outcomes, safety, and value in managing 
assets and inventory. Therefore, pharmacy 
managers should continue educating the 
pharmacy team and other professionals 
about the potential of RFID and support 
manufacturers and vendors to continue 
financing enhancements to improve oper-
ations and patient care using less manual 
information and more self- 
dependent workflows.1 ■
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GOLD Guidelines Provide Recommendations on Managing COPD
Pivotal Resource Helps Health Care Professionals Diagnose, Manage, and 
Prevent This Group of Lung Diseases
B Y  H A M D I  L A B A B I D I ;  K R U PA L  R A Y ;  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

C HRONIC OBSTRUCTIVE PULMONARY 
disease (COPD) is a common, 
preventable disease characterized 

by airflow limitation and persistent 
respiratory symptoms. 

Respiratory symptoms include cough, 
dyspnea, and sputum production, and 
patients may experience brief episodes 
of acute worsening respiratory symp-
toms known as exacerbations. COPD is 
commonly associated with significant 
concomitant chronic diseases that increase 
its morbidity and mortality.1

COPD affects approximately 1 in 10 
individuals globally and its prevalence 
increases daily. The highest related 
mortality is seen in China, India, Latin 
America, Southeast Asia, and sub-Saharan 
Africa. Air pollution, indoor and outdoor 
fumes, and smoking are major risk factors 
for COPD, and though many risk factors 
may precipitate it, the disease is still 
underdiagnosed. Further emphasis on risk 
factor identification and screening is needed 
to improve diagnosis, which would hope-
fully improve the disease’s progression.2

The Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD) guidelines 
provide recommendations on the diagnosis, 
management, and prevention of COPD. The 
new recommendations of the 2022 update1 
pertain to pharmacological management 
and pulmonary rehabilitation of COPD.

 Pulmonary rehabilitation has been 
outlined in the GOLD guidelines as a 
comprehensive intervention based on 
patient assessment, and it is individualized 
to each patient. It includes education, 
exercise training, and self-management 
aimed at eliciting behavioral changes 
to improve the management of chronic 
respiratory diseases. Pulmonary rehabilita-

tion improves dyspnea, exercise tolerance, 
and health status and reduces anxiety 
and depression for patients with COPD. 
Pulmonary rehabilitation has also been 
shown to reduce hospitalization for patients 
who have had exacerbations 4 weeks or 
less from prior hospitalization. In terms 
of self-management, communication with 
health care professionals is recommended to 
help decrease emergency department visits.

One important new finding in the 
updated guidelines was the increased risk 
of respiratory disease among existing and 
former e-cigarette users, and this was the 
case even when outcomes were adjusted for 
factors, such as chronic health conditions, 
cigarette and other combustible tobacco 
product use, and demographics. This was 
derived from a large prospective cohort 
study3 of more than 20,000 patients lasting 
for 5 years. The guidelines recommend 
an annual low-dose computer tomography 
scan to assess for lung cancer in patients 
with COPD related to smoking. Another 
recent nonpharmacological management 
strategy involves shielding measures, such 
as frequent handwashing, mask-wearing, 
and social contact minimization during 
winter months to mitigate exacerbations. 
These measures have been commonly 
used by many individuals with or without 
COPD during the COVID-19 pandemic, 
and this may have prompted the idea that 
these measures can be particularly useful in 
patients with COPD.

Another way the COVID-19 pandemic 
affected the guidelines was an update to 
recommend COVID-19 vaccination for 
patients with COPD in line with national 
recommendations.4 The guidelines also 
newly recommend zoster vaccination to 
protect against shingles for adults with 
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COPD 50 years or older. Other recom-
mended vaccinations previously mentioned 
in the 2021 version5 included those for 
influenza, pertussis (Tdap and dTaP), and 
pneumonia (PCV13 and PPSV23).

The guidelines also discuss the use of 
theophylline in the management of COPD. 
Theophylline is a methylxanthine that may 
function as a nonselective phosphodies-
terase inhibitor, but it has been reported 
to have a range of nonbronchodilators 
with the significance of effects disputed. 
Although there is evidence that theoph-
ylline has a modest bronchodilator effect 
compared with the placebo in stable COPD, 
the guidelines mention a large placebo-con-
trolled trial6 that showed no effect of oral 
theophylline alone or in combination with 
prednisolone 5 mg daily on the exacerba-
tions of severe COPD.

Pharmacological treatments for COPD 
also include inhaled corticosteroids (ICS), 
long-acting β2-agonists (LABA), and long-
acting muscarinic antagonists (LAMA). 
They can be used individually or in various 
combinations, depending on the course 
of COPD. The use of all 3 agents simul-
taneously is known as triple therapy and 
is recommended in patients who continue 
to have exacerbations or symptoms while 
receiving a dual therapy regimen of LABA/
LAMA or ICS/LABA. In a large random-
ized trial7 that studied the efficacy and 
safety of triple therapy at 2 dose levels of 
patients on ICS therapy with moderate to 
very severe COPD and at least 1 exacer-
bation in the past year, the use of triple 
therapy (ICS/LABA/LAMA) containing the 
higher dose of ICS led to lower mortality 
compared with dual therapy (LABA/
LAMA). 

When considering the effect of overall 
pharmacotherapy for COPD in slowing the 
rate of forced expiratory volume (FEV1) 
decline, the guidelines mention a system-
atic review8 of 9 studies that showed a 
reduction in the rate of FEV1 decline of 
5.0 mL/year in the active treatment arms 
compared with the placebo arms. The 
review specifically found differences of 
7.3 mL/year with respect to inhaled corti-

costeroids and 4.9 mL/year with respect to 
long-acting bronchodilators, though further 
research is needed to know which specific 
patients would benefit.

Conclusion
The GOLD guidelines are a pivotal resource 
available to clinicians to improve the 
diagnosis, management, and prevention 
of COPD. The COVID-19 pandemic has 
clearly contributed to the changes in the 
2022 update of the guidelines, and the future 
course of this pandemic, as well as the 
emergence of other epidemics in the future, 
may further alter clinicians’ approaches to 
managing COPD. The fact that COPD is 
now 1 of the top 3 causes of death world-
wide further highlights the need for clini-
cians to stay up to date with evidence-based 
recommendations to diagnose, manage, and 
prevent COPD. ■
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503B COMPOUNDING PHARMACIES

T HE US HEALTH care system has 
encountered long-standing, complex 
challenges, including growing costs, 

overuse of care, staffing shortages, and 
supply chain weaknesses. 

COVID-19 revived these pressures, 
transforming the health care landscape. 
Medication and staffing shortages plague 
hospital systems, and pharmacies are not 
exempt. Most health systems have experi-
enced high levels of pharmacy technician 
turnover, with most reporting a minimum 
turnover rate of 21% last year.1 In addition, 
medication shortages of critical medica-
tions and infusions create significant work-
flow barriers that hospitals must address to 
ensure patient safety.2 In the face of these 
obstacles, health systems are turning to 
503B compounding facilities to outsource 
pharmacy needs. 

Before 2013, hospitals and surgical 
centers either compounded medications in 
house or depended on 503A pharmacies 
for compounded medications. However, to 
improve quality after high-profile cases of 
infections from outsourced compounded 
products were reported, the Drug Quality 
and Security Act (DQSA) created FDA-reg-
istered 503B outsourcing facilities.3 Since 
2013, 503B outsourcing facilities have 
produced and provided compounded sterile 
preparations in large quantities under 
DQSA. Registered 503B outsourcers must 
comply with federal and state guidelines, 
meet strict good manufacturing process 
standards, and be routinely inspected by 
the FDA.

However, pharmacy leaders are skeptical 
of this change in process and must do due 
diligence when selecting a 503B pharmacy 
before moving into an outsourcing rela-
tionship. A multidisciplinary team should 
undertake a standardized 503B vendor 

evaluation process to give administrative 
and clinical perspectives equal weight 
and minimize risk.4 The evaluation should 
include not only ensuring appropriate 
licensing and regulatory requirements but 
also asking probing questions regarding 
best practices, compliance, and quality 
assurance.5 

The first step in evaluating a potential 
503B vendor is ensuring that it meets 
regulatory requirements. In October 2021, 
the FDA released updated draft guidance 
for 503B pharmacies recommending that 
health systems use FDA-registered 503B 
facilities.6 Although this recent guidance 
is only a recommendation, it ensures that 
health systems meet the requirements for 
minimizing the risk of contamination and 
risks associated with low compounding 
conditions. Because the FDA inspects 
registered facilities and other regulatory 
bodies, pharmacists can feel confident in 
the products they are receiving. The state 
board may require additional registration 
of boards of pharmacy (BoP). However, 
pharmacy leaders should double-check 
with their state BoP as found through the 
National Association of Boards of  
Pharmacy.

Before conducting the vendor interview, 
however, the multidisciplinary team should 
review all FDA inspection documents for 
the 503B facility and pay particular atten-
tion if an FDA Form 483 has been filed, as 
this indicates substandard conditions were 
found during inspection.1 Although an FDA 
Form 483 may not preclude a 503B vendor 
entirely, it does warrant consideration and 
may drive additional questions for the 
vendor. Other documents include audit 
documents, clean room certifications, and 
compounding and training records. 

Within the compliance domain, questions 

Evaluate 503B Facilities for Outsourced Compounds
Complete Due Diligence Before Selecting a Compounding Pharmacy and 
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503B COMPOUNDING PHARMACIES

revolve around shifting compounding regu-
lations. If pharmacy leaders are screening 
vendors to ensure that they are considering 
only those that are FDA registered, this 
will alleviate considerable concerns within 
this domain. Questions may include how 
microorganisms and particles are monitored, 
what primary engineering controls are used, 
whether the environment is monitored, who 
the supplier or vendor of materials is, and 
how they are qualified.

Within the domain of quality assurance, 
the goal is to ensure that a 503B vendor 
is consistently producing high-quality 
compounds. A review of the local BoP may 
provide additional information on the status 
of the vendor facility and on disciplinary 
actions that have been taken.1 

Questions may include what the compounding 
process is, how employees are trained, what 
studies are performed to test the products, and 
what the quarantining process is.

The final domain for consideration is 
best practices. Although 503B vendors are 
relatively new to the health care world, 
the importance of authority, honesty, and 
transparency within the quality assurance 
department remains unchanged.6 Critical 
questions for this domain include what the 
authority and role of the quality assurance 
department are, what the process is for 
reporting adverse effects to patients, and 
whether the quality assurance department 
can reject or release the product.

Although evaluating a potential 503B 
vendor may seem daunting, the risks of 
entering a vendor agreement without a thor-
ough review are far direr. Clinicians remain 
liable for the compounds and their prepa-
ration even if that service is outsourced.7 

The focus on cost-effective care and patient 

safety has never been more monitored. 
A thorough evaluation of all potential 
503B vendors is the best insurance against 
liability and the simplest way to ensure 
patient safety. COVID-19 will continue to 
affect the health care landscape for years. 
Outsourcing facilities can play a critical 
role in the hospital supply of ready-to-use 
sterile drug products. ■
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If pharmacy leaders are screening vendors to 
ensure that they are considering only those 
that are FDA registered, this will alleviate 
considerable concerns within this domain.
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B REAST CANCER IS THE LEADING 
TYPE of cancer among women, 
comprising approximately one-third of 

cancer cases in women in the United States 
in 2022.1 Although early detection and 
screening have improved mortality, breast 
cancer remains the second leading cause of 
cancer-related death in women. Hormone 
receptor–positive (HR+), HER2-negative 
(HER2–) is the most common breast cancer 
subtype, accounting for 68% of diagnoses.2 

Hormonal agents such as tamoxifen 
and aromatase inhibitors have historically 
been used in the early stages to reduce the 
risk of metastatic recurrence. Recently, 
3 FDA-approved oral oncolytic medica-
tions—abemaciclib (Verzenio; Eli Lilly 
and Company), capecitabine (Xeloda; 
Genentech), and olaparib (Lynparza; 
AstraZeneca)—have shown promise in 
improving disease-free survival (DFS).3-5 
However, these drugs have notably 
different safety profiles and target popu-
lations within the adjuvant setting (Online 
Table3-5), making it valuable to assess the 
clinical trial data and management of key 
adverse events (AEs) for each drug when 
making treatment decisions for patients 
with HR+/HER2– breast cancer. 

Abemaciclib
Abemaciclib is the first and only CDK4/6 
inhibitor approved for use in the adjuvant 
setting for early-stage breast cancer.3 In 
regulated cell division, cyclin D complexes 
with cyclin-dependent kinases CDK4 
and CDK6 to phosphorylate and inhibit 
tumor-suppressor protein retinoblastoma 
(Rb).6,7 Further, CDK4/6 inhibitors block 
unchecked cell cycle progression in cancer 
cells by preventing the inactivation of Rb. 

In the open-label, phase 3, randomized 
monarchE trial (NCT03155997), investiga-
tors evaluated the addition of abemaciclib 
to physician’s choice of standard-of-care 

(SOC) adjuvant endocrine therapy (ET) 
for a total of 2 years vs SOC adjuvant 
ET alone in patients with high-risk HR+/
HER2– early breast cancer.8 During the 
trial, the high-risk classification was 
defined as having lymph node involvement 
(≤ 4 positive nodes or 1-3 positive nodes) 
and 1 or more of the following: tumor size 
at 5 cm or greater, histologic grade 3, or 
tumor Ki-67 levels at 20% or greater. 

At the median follow-up time of  
19.1 months, there was significant 
improvement in the primary end point of 
invasive disease-free survival (IDFS) with 
abemaciclib and ET compared with ET 
alone after 2 years (hazard ratio, 0.71; 95% 
Cl, 0.58-0.87; P < .001).8 The abemaciclib 
and ET arm also demonstrated statistically 
superior benefit in distant relapse-free 
survival (DRFS) rates at 93.8% vs 90.8% 
with ET alone (hazard ratio, 0.69; 95% Cl, 
0.55-0.86; P <  001). Additional follow-up 
data have been recently published, showing 
continued benefit in both end points 
beyond 2 years. This is important given 
that the overall risk of recurrence is highest 
within the first 2 to 3 years following 
diagnosis, particularly among those with 
high-risk features.9

AEs during the trial were consistent with 
the safety profile from prior analyses.10,11 
Common AEs in the abemaciclib arm were 
diarrhea (83.5%), neutropenia (45.8%), and 
fatigue (40.6%). Most AEs were classified 
as either grade 1 or 2. 

During the first month of treatment, most 
patients experienced diarrhea; time to onset 
of diarrhea was 6 to 8 days, and diarrhea 
lasted 6 to 11 days.3 Early recognition and 
intervention are important for optimizing 
the management of diarrhea. Antidiarrheal 
agents such as loperamide can be started 
at the first sign of loose stools. Patients 
experiencing diarrhea should notify their 
care team within 24 hours and increase 
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oral fluid and electrolyte intake to prevent dehydration. 
For grade 2 diarrhea, dose interruption is recommended 
until toxicity resolves to grade 1 or lower. The manufac-
turer has additional guidance for dose adjustments with 
recurrent grade 2 or grade 3 to 4 diarrhea. 

In addition to abemaciclib, palbociclib (Ibrance; Pfizer 
Inc) and ribociclib (Kisqali; Novartis) are 2 other CDK4/6 
inhibitors that have been studied in the adjuvant setting. 
Palbociclib did not show a benefit in its respective clinical 
trials.12,13 The clinical trial with ribociclib is ongoing.14 

One hypothesis for the lack of improvement in IDFS 
with the addition of palbociclib to ET concerns the 
dosing schedule of palbociclib.8,15 Palbociclib is dosed 
on a cyclical basis around a schedule of 3 weeks on and 
1 week off repeated every 28 days, whereas abemaciclib 
is dosed continuously daily. The difference between 
continuous vs intermittent dosing may have clinically 
relevant implications on efficacy in terms of achieving 
sustained inhibition of cell cycle progression and subse-
quent tumor cell proliferation. This is especially important 
in the adjuvant setting where elimination of micrometa-
static disease is the goal of treatment.16 This is one theory 
that has yet to be explored further. It is still unclear why 
palbociclib has not demonstrated benefit in this setting, but 
results from the ongoing NATALEE trial (NCT03701334) 
are eagerly awaited to provide further clarity. 

Olaparib
Olaparib was approved in 2022 for patients with HER2– 
early-stage, BRCA-mutated breast cancer at high risk 
of recurrence.4 BRCA1/2 mutations cause defects in the 
homologous recombination repair pathway, so tumor cells 
in patients with BRCA mutations rely on PARP enzymes 
to repair DNA. In patients with BRCA mutations, the 
inhibition of PARP enzymes by olaparib synergistically 
results in cumulative DNA damage by blocking both DNA 
repair mechanisms, resulting in synthetic lethality and 
death of tumor cells.

In the phase 3, double-blind, randomized OlympiA 
trial (NCT02032823), patients with a germline BRCA 
mutation were randomly assigned to either olaparib 
or placebo for 1 year following neoadjuvant or adju-
vant chemotherapy.17 Of enrolled patients, 82.2% had 
triple-negative breast cancer (TNBC) and 17.7% of 
patients had HR+/HER2– disease. IDFS (hazard ratio, 
0.58; 95% Cl, 0.41-0.82; P < .001) and DRFS (hazard 
ratio, 0.57; 95% Cl, 0.39-0.83; P < .001) were signifi-
cantly improved in patients who received olaparib vs 
placebo. Additionally, fewer deaths were reported with 
olaparib compared with placebo (59 vs 86; hazard ratio, 
0.68; 95% Cl, 0.44-1.05; P = .02).  

The most common AEs were nausea (56.9%), fatigue 

(40.1%), and anemia (23.5%); these were the main 
reasons for olaparib discontinuation in approximately 
10% of patients.17 Anemia had the greatest frequency 
of grade 3 or higher events (8.7%). Nausea, generally 
grade 1 or 2, usually occurred within the first month of 
treatment, with time to onset of nausea at 5 days.18 

Olaparib is classified as a moderate/high emetic-risk 
agent.19 The National Comprehensive Cancer Network 
(NCCN) recommends that patients who are newly 
starting olaparib take a serotonin receptor antagonist, 
such as ondansetron, 30 to 60 minutes prior to each 
dose.19 If after the first 2 weeks the patient experiences 
little to no nausea, it is our practice to have them shift 
their antiemetic medication to use as needed. 

Capecitabine
Capecitabine was approved in 1998 for the treatment of 
metastatic breast cancer.5 It is a prodrug of 5-fluorouracil 
and inhibits thymidylate synthase, blocking production of 
essential metabolites needed for DNA and RNA synthesis 
in tumor cells.  

In the multicenter, open-label, phase 3, randomized, 
CREATE-X trial (JBCRG-04), patients with HR+/
HER2– breast cancer or TNBC who did not achieve 
pathologic complete response or had node positivity 
after standard neoadjuvant chemotherapy were randomly 
assigned to receive adjuvant capecitabine or placebo 
every 3 weeks for 6 to 8 cycles.20

Adjuvant therapy included ET for at least 5 years 
in patients with HR+ disease, and radiation therapy if 
indicated regardless of HR positivity.20 The number 
of patients with TNBC comprised 32.2%, and the 
remaining 67.8% had HR+ breast cancer. The DFS rate 
was higher in the capecitabine arm (74.1%) than in the 
control arm (67.6%) at 5 years (hazard ratio, 0.70; 95% 
Cl, 0.53-0.92; P = .01). Overall survival was also higher 
in those receiving capecitabine (89.2%) than in those 
who did not (83.6%) at 5 years (hazard ratio, 0.59; 95% 
Cl, 0.39-0.90; P = .01). 

The results for DFS indicate that the greatest benefit 
was seen in patients with TNBC.20 These results led to 
the inclusion of capecitabine within the NCCN guide-
lines as postneoadjuvant therapy, with an emphasis on 
use in patients with TNBC. 

Of note, the study consisted of an Asian patient 
population in which pharmacogenomic and pharmacoki-
netic differences in the metabolism of capecitabine may 
contribute to the ability to tolerate the higher starting 
dose of 1250 mg/m2 twice daily vs 1000 mg/m2 (the 
standard dose commonly used in the United States).21 
There is also evidence that a lower dietary folate 
intake predisposes Asian patients to lower incidences 
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of toxicity from capecitabine.22 
When assessing the trial results, the investigators 

observed that the most frequent AE was hand-foot 
syndrome (HFS; all grades, 73.4%; grade > 3, 11.1%).20 
Other common AEs were mostly grade 1 and included 
thrombocytopenia and anemia. 

The median time to onset for HFS is 79 days but can 
range from 11 to 360 days.5 When counseling patients, 
oncology professionals should emphasize preventive 
measures, as HFS is a dose-dependent AE.23 It is recom-
mended that patients prophylactically use creams or 
other moisturizers multiple times per day on the feet 
and hands to prevent the development of HFS. Other 
supportive measures include avoiding prolonged direct 
heat exposure and wearing appropriately fitting clothes 
and shoes to reduce skin friction.24 For grade 2 to 3 
HFS, dose interruption is recommended until symptoms 
resolve or decrease to grade 1 or lower. Following grade 
3 HFS, subsequent dose reductions are recommended.

Conclusion
The use of oral oncolytics in the adjuvant treatment of 
HR+/HER2– early-stage breast cancer continues to grow. 
Use is restricted to specific subgroups of patients with 
HR+, node-positive disease with high-risk features or 
HER2– disease with BRCA mutations, or in those who 
did not experience a pathologic complete response after 
receiving neoadjuvant chemotherapy.3-5 Abemaciclib, 
olaparib, and capecitabine all had low incidences of 
grade 3 or greater toxicities, and discontinuation due 
to AEs was low.8,17,20 Pharmacists can monitor therapy 
and optimize supportive care to ensure most AEs can 
be managed in the outpatient setting. As more oral 
oncolytic options emerge within this treatment setting, 
patients can be offered a highly tailored approach to 
therapy selection to achieve optimal outcomes. ■
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Shorter Course of Treatment for CAP in Children Demonstrates Success
Pediatric Guidelines Suggest 10 Days of Therapy for Community-Acquired 
Pneumonia, but Recent Data Support Shortening Therapy Duration
B Y  M O R G A N  A N D E R S O N ,  P H A R M D ,  B C I D P ;  A N D  K E V I N  N G U Y E N ,  P H A R M D

I N 2019 THE WORLD HEALTH 
ORGANIZATION listed antimicrobial 
resistance as a top 10 threat to global 

health and echoed the same concern in a 
2021 document.1,2

Historical teaching regarding anti-
microbial therapy pushed for longer 
treatment courses. There was a commonly 
held myth that premature cessation or 
prescription of a short course of anti-
biotics could select for more resistant 
pathogens, thereby resulting in incomplete 
treatment and possibly exacerbating the 
illness.1 Infectious Diseases Society of 
America and Pediatric Infectious Diseases 
Society guidelines for the management of 
community-acquired pneumonia (CAP) in 
children older than 3 months were updated 
most recently in 2011.2 

Those guidelines indicate that treatment 
courses of 10 days have been best studied 
but noted that complicated infections or 
those caused by certain pathogens, notably 
community-acquired methicillin resistant 
Staphylococcus aureus, may require longer 
treatment than those caused by Strep-
tococcus pneumoniae. 

Use of shorter courses of antibiotics for 
uncomplicated bacterial CAP in children 

has been a continued area of interest, with 
multiple studies published in recent years. 
Same and colleagues assessed the associ-
ation of shorter antibiotic duration with 
successful treatment of children hospi-
talized with CAP.3 In this retrospective 
cohort study from January 2012 through 
December 2018, clinical review and 
diagnostic codes were used to identify all 
children 6 months and older with uncom-
plicated CAP. Among the 439 patients who 
met eligibility criteria, 168 (38%) received 
short-course (5-7 days), and 271 (62%) 
received prolonged-course (8-14 days) 
antibiotic therapy. In the propensity- 
weighted cohort, 20 children (4%) expe-
rienced treatment failure within 30 days 
of discontinuing antibiotics and there was 
no difference in treatment failure between 
patients who received short or long courses 
of antibiotic therapy (odds ratio, 0.48; 
95% CI, 0.18-1.30). The results remained 
consistent when all patients with any posi-
tive respiratory viral tests were excluded.

A systematic review by Kuitunen and 
colleagues on the treatment duration in 
outpatient children over aged 6 months in 
high-income countries found that shortened 
antibiotic courses of 3 to 5 days were 
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effective and safe compared with those 
receiving the recommended durations of 
7 to 10 days.4 This comprehensive review 
looked at 4 retrospective studies, evalu-
ating treatment failure, defined as  
retreatment or hospitalization within 
1 month. A total of 1541 children were 
identified in this review and assessed 
for treatment failure; a risk difference of 
0.1% (CI –3.0% to 2.0%) was seen. The 
authors concluded that a shorter course 
of antibiotics can be implemented in the 
treatment of uncomplicated pediatric CAP. 
As part of the previous systematic review, 
the SCOUT-CAP randomized clinical trial 
(NCT02891915), Williams and colleagues 
looked to address the remaining question 
of short (5-day) vs standard (10-day) 
antibiotic treatment strategy for CAP in a 
pediatric population.5 This double-blind, 
placebo-controlled, randomized clinical 
trial in outpatient clinics studied 380 
children aged 6 to 71 months with nonse-
vere CAP demonstrating early clinical 
improvement. On day 6 of their originally 
prescribed therapy, participants were 
randomly assigned 1:1 to receive 5 days 
of a matching placebo or 5 additional days 
of the same antibiotic. Their primary end 
point was the end-of-treatment response 
adjusted for duration of antibiotic risk 
(RADAR), a composite end point that 
ranks each child’s clinical response, resolu-
tion of symptoms, and antibiotic-associated 
adverse effects (AEs) in an ordinal desir-
ability of outcome ranking. When evalu-
ating the results, Williams and colleagues 
found that the short-course strategy had a 
69% probability (95% CI, 63%-75%) of a 
more desirable RADAR outcome compared 
with the standard-course strategy. This 
study concluded that in patients responding 
to initial therapy for outpatient CAP, a 
5-day antibiotic strategy was more favor-

able compared with a 10-day strategy. 
Shortened courses of antibiotics resulted in 
similar clinical responses and antibiotic- 
associated AEs, while reducing antibiotic 
exposure and resistance.
   As more data are collected and clin-
ical practice evolves, care teams should 
be aware of the accumulating evidence 
favoring shorter courses of antibiotics, 
especially in patients with pneumonia. The 
decision to shorten therapy can be made 
based on a multitude of factors, 
including but not limited to acuity of 
presentation, inflammatory markers, oral 
intake, oxygen markers, respiratory rate, 
and temperature. ■
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Is the 340B Hospitals Battle at the Supreme Court Over?
Decision on Payment Reductions Looks Fleeting as Ruling Also Provides HHS 
With Instructions on Cost-Cutting Goals
B Y  C A S E Y  W .  B A K E R ,  J D ;  S U S A N  W .  L A N H A M ,  P H D ,  M A F F ,  C D F A ;  A N D  A L B E R T O  C O U S T A S S E ,  D R P H ,  M D ,  M B A ,  M P H

U NDER THE FEDERAL 340B 
PROGRAM, hospitals and eligible 
health care clinics that serve low-

income or rural populations can qualify for 
federally negotiated manufacturer discounts 
on purchases of prescription drugs.1 

Approximately 50,000 entities participate 
in the 340B program, where pharmaceu-
tical manufacturers are instructed to supply 
outpatient medications to participating 
providers at discounted rates of 20% to 
50%.2 Participating hospitals depend on 
profits from the differential between their 
reimbursement for these drugs and the 
discounted rates they disburse to finance 
affordable patient care in underserved 
communities. 

On June 15, 2022, the US Supreme Court 
ruled that major cuts to 340B payments 
were unlawful, an important victory for 
participating hospitals. But this win may 
be transitory, as the Supreme Court also 
gave the US Department of Health and 
Human Services (HHS) clear instructions 
on achieving its cost-cutting goals.

The Medicare statute lays out 2 options 
for HHS to calculate reimbursement rates.3 
Under the first option, HHS may survey 
hospitals to determine drug acquisition 
costs, with reimbursement rates set at 
the average acquisition cost. HHS may 
then vary the average acquisition cost by 
hospital group, as indicated by survey data. 
Under the second option, HHS may survey 
drug manufacturers to determine their 
average sales price (ASP).4 Importantly, 
this second option does not explicitly give 
HHS the authority to vary the ASP by 
hospital group, though HHS has been given 
authority to adjust the ASP up or down as 
necessary to achieve statutory purposes.

From the statute’s passage until 2018, 
HHS exclusively used the second option, 

setting reimbursement rates at 106% of 
the ASP for all hospitals.5 Because 340B 
hospitals purchase drugs at a discount 
to the ASP, these hospitals received a 
payment that non-340B hospitals could 
not obtain. They achieved the same reim-
bursement rate as non-340B hospitals while 
enjoying significant cost savings. In 2018, 
HHS determined that because it had the 
authority to adjust drug reimbursement 
rates under the second option, it could 
vary reimbursement rates between 340B 
hospitals and non-340B hospitals as a cost 
savings measure. HHS argued that it had 
this authority even if it did not conduct the 
hospital survey as provided under the first 
option.1 

HHS determined that 340B hospitals 
would be reimbursed only 77.5% of the 
ASP, rather than the 106% non-340B hospi-
tals received. This adjustment represented 
a $1.6 billion annual cut to 340B hospital 
reimbursements.1

When the Supreme Court unanimously 
ruled that HHS incorrectly calculated the 
reimbursement rates, it was on the basis 
that HHS did not follow the correct proce-
dure. Under the statute, if HHS surveys 
only drug manufacturers, it is free to adjust 
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the reimbursement rates up or down, but it 
may not set different reimbursement rates 
for distinct groups of hospitals. HHS can 
vary reimbursement rates among hospital 
groups only if it surveys hospitals to deter-
mine the average acquisition cost.1

The Supreme Court expressly endorsed 
HHS paying reduced reimbursements to 
340B hospitals as long as HHS surveys 
hospitals for drug acquisition cost infor-
mation.1 Consequently, 340B hospitals 
are not guaranteed to receive the drug 
reimbursement windfalls moving forward. 
Indeed, before the case was decided, HHS 
began surveying hospitals for drug acqui-
sition costs.1 Although the survey was not 
complete, the calculation of 2020 reim-
bursement rates, reimbursements for 2021, 
2022, and 2023 could be determined from 
the survey data.6 

Practical Implications
More legal battles around the 340B Program 
are likely. Because the statute imposed 
specific requirements on HHS in conducting 
the hospital surveys,7 further litigation 
may be required to fully establish whether 
the 2020 survey sufficiently supports the 
differing reimbursement rates for 340B 
hospitals. The HHS Office of Inspector 
General is investigating several pharma-
ceutical companies for restricting contract 
pharmacies’ access to 340B drugs.8 The 
result of the investigations could be fines 
against these pharmaceutical companies, 
which will undoubtedly instigate lawsuits 
from drugmakers. The program’s lack of 
reporting requirements and transparency will 
continue to create additional concern and 
scrutiny. Details regarding the amounts being 
paid and saved and how those savings are 
used are required to determine whether the 
legislation’s 340B program goals are met.2 

Hospitals participating in the 340B 
program should be aware of the uncertainty 
in Medicare reimbursement when consid-
ering funding. HHS has prioritized cost 
savings. However, the Supreme Court noted 
that the 340B drug reimbursement windfall 
offsets costs hospitals incur providing care 
to disadvantaged communities,9 including 

rural populations, as well as uninsured and 
underinsured patients.2 

One item to observe closely is the 2023 
Outpatient Prospective Payment System 
proposed rule released by the Centers for 
Medicare & Medicaid Services (CMS).10 
For 2023, CMS proposed a payment rate of 
ASP minus 22.5% for drugs and biologicals 
obtained through the 340B program.11 There-
fore, the CMS payment plan in this proposed 
rule could shed some light on its approach, 
not only on future payments but also on 
remedying past underpayments. ■
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T HE FDA APPROVED GABAPENTIN IN 
1993 as a non-controlled substance 
and it has remained a non-controlled 

substance at the federal level. 
The drug was created as an anticonvulsant 

and used to treat seizure disorders. The medi-
cation has also been used to treat hot flashes, 
neuropathic pain, pain, postoperative nausea, 
substance abuse issues, and vomiting.1,2 

It is estimated that approximately 1% 
of people in the United States misuse 
gabapentin.1 This fact has compelled 
certain states to generate legislative 
initiatives designed to monitor the use and/
or reclassify  gabapentin 3 In 2019, US 
pharmacies dispensed 69 million prescrip-
tions for gabapentin.4,5

Although gabapentin is not considered a 
controlled substance by the federal govern-
ment, it does have a potential for abuse. As 
of September 2022, gabapentin was classi-
fied as a controlled substance in Alabama, 
Kentucky, Michigan, North Dakota, 
Tennessee, Virginia, and West Virginia.6,7 
Adding gabapentin to the list of controlled 
substances has required providers to have a 
Drug Enforcement Administration 
registration number to prescribe it, adding 
another layer of restriction for its 
prescription and allowing for additional 
medication monitoring.8

Gabapentin has known abuse potential 
and has been reported as an agent highly 
pursued for use in potentiating opioids. In 
an examination of opioid and gabapentin 
co-abuse, approximately 24% of patients 
with prescriptions for both gabapentin and 
opioids had at least 3 prescription claims 
surpassing specified dosage thresholds 
compared with the 3% and 8% of patients 
prescribed gabapentin or opioids alone, 
respectively.9 This co-abuse is of particular 
concern, as abuse of gabapentin in concert 
with opioids has been associated with a 

4-fold raised risk of respiratory depres-
sion,9 which is the primary cause of death 
in opioid-related overdoses.10

It has been suggested that gabapentin 
at doses exceeding 900 mg may lead to as 
much as a 60% augmentation in the likeli-
hood of opioid-related death, comparable 
to misuse of opioids alone.11

Gabapentin grew to 64 million prescrip-
tions in the United States in 2016 from 39 
million prescriptions in 2012,12 making it 
the 10th most prescribed medication that 
year.13 Gabapentin has been widely recog-
nized as a drug related to opioid abuse in 
West Virginia.14 Studies have shown that 
gabapentin in toxicology reports consti-
tuted a considerable number of drug over-
dose deaths around the country, with West 
Virginia among the highest.14,15 The signif-
icant increase in gabapentin dispenses is 
thought to have been the result of efforts to 
reduce the abuse of Schedule II drugs, such 
as hydrocodone and oxycodone. 

By 2017, West Virginia had taken notice 
of gabapentin misuse across the state. The 
Prescription Drug Monitoring Program 
(PDMP) is a database of controlled 
substance prescriptions maintained by 
each state that allows providers access to 
information on patient abuse behaviors 
for a quick and targeted response.16 West 
Virginia’s PDMP, called the West Virginia 
Controlled Substances Monitoring Program 
(WV CSMP), is supported by the West 
Virginia Board of Pharmacy and collects 
dispensing data for all Schedule II, III, 
IV, and V drugs. Although data regarding 
dispensing of gabapentin is not required to 
be maintained, the WV CSMP recognized 
the potential for this drug to be abused 
and started collecting data as of July 
2017.17 The West Virginia Legislature also 
began reviewing issues with the signifi-
cant increase in gabapentin prescriptions 

Gabapentin Presents High Potential for Misuse
Although the Anticonvulsant Is Not Considered a Controlled Substance, Some 
State Legislation Focuses on Monitoring the Use of or Reclassifying It
B Y  S U S A N  W .  L A N H A M ,  P H D ,  M A F F ,  C D F A ;  B R I T T A N Y  R I L E Y,  P H A R M D ,  B C P S ,  M S ;  S T A C I E  D E S L I C H ,  M A ,  M S ;  A N D 
A L B E R T O  C O U S T A S S E ,  D R P H ,  M D ,  M B A ,  M P H

ALBERTO COUSTASSE, 
DRPH, MD, MBA, MPH

STACIE DESLICH, MA, MS

SUSAN W. LANHAM, 
PHD, MAFF,  CDFA

BRITTANY RILEY, 
PHARMD, BCPS,  MS



DRUG DIVERSION

PHARMACY TIMES® HEALTH-SYSTEM EDITION™
NOVEMBER  2022 39

   about the authors 
SUSAN W. LANHAM, 
PHD, MAFF, CDFA, is 
an associate professor 
of accounting at Brad 
D. Smith Schools of 
Business at Marshall 
University in Huntington, 
West Virginia. 
 
BRITTANY RILEY, 
PHARMD, BCPS, MS, 
is a clinical associate 
professor, director 
of residencies, and 
director of the Center 
for Pharmacy Education 
at Marshall University 
School of Pharmacy 
in Huntington, West 
Virginia. 
 
STACIE DESLICH, MA, 
MS, is a senior research 
associate at CAMC Health 
System in Charleston, 
West Virginia. 
 
ALBERTO COUSTASSE, 
DRPH, MD, MBA, MPH, 
is a professor of health 
care management 
and administration at 
Marshall University Lewis 
College of Business 
in Huntington, West 
Virginia.

throughout the state and, by May 2018, 
took action to list it as a Schedule V drug. 

Preliminary data from the WV CSMP 
showed a decline in the number of 
dispenses of gabapentin since these 
changes were implemented, with 73.8 
million dispenses in 2021, down from 79 
million in 2019.18 The decreases appeared 
across the state when examined by county, 
with some counties experiencing decreases 
of more than 30%. The reasons for this 
decrease are multifactorial and include 
a general increase in awareness of the 
addictive potential of gabapentin, limits on 
the length of time prescriptions are valid, 
and requirements to check the WV CSMP 
before prescribing. The most significant 
decrease in the dispensing of gabapentin 
occurred between 2018 and 2019, after 
the reclassification to Schedule V and the 
Opioid Reduction Act went into effect. 

One study noted an increase in overdose 
deaths involving gabapentin as recorded 
in the State Unintentional Drug Overdose 
Reporting System, which tracks drug over-
doses in 23 states, including West Virginia.4  

The investigators did not, however, break 
down the data at the state level. Thus, while 
it is probable that there was an increase in 
overall gabapentin-related deaths, the trend 
in West Virginia alone appears to be 
more positive.

Practical Implications
The effectiveness of different strategies, such 
as policies regarding opioid abuse that regulate 
access to controlled drugs or the education 
of patients and prescribers and patients on 
the addictiveness of gabapentin or restricting 
supply, is still in question in West Virginia. 
Further analysis is needed to determine what 
methods and strategies in West Virginia and 
across the United States successfully reduce 
the rate of gabapentin misuse. ■
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I N 2020, ACCORDING to the CDC, an 
average of 44 people died every day from 
overdoses involving prescription opioids.1 

Opioid overdoses can result from a variety of 
factors, including adverse drug events caused 
by drug-gene or multi–drug-gene interactions. 
Traditional trial-and-error prescribing leaves 
patients vulnerable to these interactions, but 
personalized, precision pharmacotherapy can 
improve clinicians’ ability to identify risk and 
prevent medication-related harm.

Precision pharmacotherapy incorporates 
pharmacogenomic (PGx) testing and 
advanced medication decision support tools 
that provide simultaneous multidrug anal-
yses. PGx testing identifies an individual’s 
genotype, which provides insight into how 
the individual might respond to certain 
medications based on their genes.

According to the CDC, the most 
commonly prescribed opioids include 
hydrocodone, oxycodone, oxymorphone, 
morphine, codeine, fentanyl, hydromor-
phone, tapentadol, and methadone.2 Some 
of these opioids must be metabolized to be 
transformed into more active metabolites so 
they can provide pain relief. One example is 
the metabolism of hydrocodone through the 
enzyme CYP2D6. An individual’s genetic 
makeup determines their CYP2D6 metabo-
lism, and they can be a poor, intermediate, 
normal, or ultra-rapid metabolizer.

With poor or intermediate metabolizers, 
the opioids might not become fully activated 
in the body and individuals may continue to 
experience pain. These individuals might be 
prescribed a higher dosage of the opioids, 
but this will not change their CYP2D6 
metabolism, and the opioids will continue 
to move through the body without becoming 
fully activated. In addition to providing 
limited or no pain relief, higher doses of the 

opioids could lead to worsened side effects, 
heightened risk for toxicities, and even 
unintentional overdoses. Ultra-rapid metab-
olizers can also experience adverse drug 
events related to opioid-gene interactions.3 
Ultra-rapid metabolizers produce more 
active metabolites and, as a result, may 
encounter heightened risk for toxicities.

In addition to genes, opioid-related 
interactions can involve other medications. 
For example, when normal metabolizers 
of CYP2D6 take hydrocodone with certain 
other medications, they can function as 
poor metabolizers. PGx testing paired with 
pharmacist-driven simultaneous multidrug 
analysis can shed light on multi–drug-
gene interactions. Simultaneous multidrug 
analysis looks at an individual’s medication 
regimen as a whole rather than a series of 
1:1 drug interactions. This more compre-
hensive analysis provides pharmacists with 
more insight into a patient’s risk of adverse 
drug events and how they can be prevented.

Research published in the Journal of 
Personalized Medicine highlights medica-
tions that interact with CYP2D6 that were 
most frequently prescribed with common 
opioids. Some medications included in the 
study, such as orphenadrine, terbinafine, 

Improve Pain Management With Precision Pharmacotherapy
Leveraging Pharmacogenomic Testing, Simultaneous Multidrug Analysis Can 
Help Prevent Drug Interactions Affecting Pain Management
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and amiodarone, prevent CYP2D6 metabolism. Other 
medications, like bupropion, fluoxetine, and aripipra-
zole, take priority for CYP2D6 metabolism, blocking 
the opioids from transforming into active metabolites 
and providing pain relief.4 The research results show 
that participants who took at least 1 common opioid 
and at least 1 medication that interacts with CYP2D6 
had a higher risk of adverse drug events compared with 
participants who took at least 1 opioid but no interacting 
medication.4 Those with at least 1 potential opioid-re-
lated multidrug interaction also had a higher average 
daily dosage of opioids and higher average yearly 
medical costs ($7841 vs $5625).4

By using pharmacogenomic testing with advanced 
medication decision support tools that provide simul-
taneous multidrug analysis, pharmacists can not only 
evaluate how a patient might metabolize opioids 
according to their genotype, but they can also examine 
how other medications might further impact this 
metabolism. Given this insight, pharmacists can alert 
prescribers to potential risk before patients take a new 

medication, eliminating trial-and-error prescribing and 
reducing multi  –drug-gene interactions that can lead to 
inadequate pain relief or other adverse drug events, such 
as unintentional overdoses. As a result, pharmacists, 
with the help of advanced medication decision support, 
can play a critical role in reducing unintended overdoses 
from prescription opioids. ■
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Investigating Current and Emerging 
Treatment Options for COVID-19

Pharmacists have essential roles as identifiers, educators, and advocates 
for patients with or at risk of COVID-19 and related complications. This 
webinar curriculum series will focus on current management and preventive 
recommendations from the National Institutes of Health and Infectious 
Diseases Society of America, as well as other health organizations, regarding 
the treatment of COVID-19. The emergence of new viral genetic variants has 
greatly impacted existing knowledge on disease transmission and patient 
outcomes, and the evolving scope of information has led to continuous 
updates to treatment guidelines. As additional clinical data become available 
for treatment options for COVID-19, pharmacists must expand their knowledge 
of the efficacy and safety of the agents approved or authorized for treatment 
or prevention of COVID-19 infection as well as agents under investigation. 
Participants who complete all 5 CE activities within this curriculum will receive 
a certificate of completion acknowledging their commitment to educating and 
advocating for patients during the COVID-19 pandemic.

Due to the evolving nature of COVID-19, information related to this topic is 
quickly changing. These activities included the most up-to-date information 
and available data at the time of the development of these webinars, but 
please continue to stay updated as information related to COVID-19 and 
associated therapies continues to change.

This activity is supported by an educational grant from GlaxoSmithKline. Scan here to 
participate. 
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SPECIALTY PHARMACY
CLINICAL FORUMS RECAP

I N A RECENT Pharmacy Times® clinical forum 
on hemophilia A, panelists discussed effective 
management of hemophilia A and considerations for 

specialty pharmacy.
The panelists started the discussion by addressing how 

to identify the ideal patient for prophylactic factor VIII.
Atta Chowdhry, director of the hemophilia program 

and regional director of operations at Amerita Inc, said 
individuals who are more active are ideal patients for 
factor VIII. Panelist Natalie Watkins, PharmD, clinical 
manager at CVS Health, added that patients who self-in-
fuse are also ideal, and Becca Moorman, PharmD, RPh, 
noted that individuals who have heart stents are good 
candidates for factor VIII.

The ideal patients for initiation of emicizumab include 
individuals who are tired of self-infusing and are looking 
for a more convenience, said Mahdi Al Hallaq, RPh, 
pharmacist-in-charge at SandsRx. Before the COVID-19 
pandemic, there was a trend toward switching patients to 
emicizumab-kxwh (Hemlibra; Genentech), although he 
said the pandemic may have interrupted this shift.

“Once the pandemic hit, we saw a halt at BioMatrix in 
general,” said Kim Epps, PharmD, CSP, vice president 
and general manager for bleeding disorders at BioMatrix 
Specialty Pharmacy. “Patients weren’t going to clinic; 
they were doing virtual visits and they weren’t ready to 
switch in that environment.”

About 1 or 2 out of every 10 patients per month have a 
conversation about switching, Hallaq said.

Moorman said when counseling patients who want to 
switch medications, pharmacists should remind patients 
to reach out to their care team whenever they have 
bleeds, even if they are not as frequent or severe as 
before starting the medications.

Watkins added that it is important to remind patients 
and their caregivers to keep factor VIII on hand for any 
potential emergencies, even if they are close to their 
local hospital.The panelists also discussed common 
dosing regimens for emicizumab-kxwh. Chowdhry said 
receiving treatment every 2 weeks is the most common, 
although some patients may switch to every-4-week 
dosing. However, he said patients tend to feel more 

comfortable with 2-week dosing.
Physicians and pharmacists must also be able to 

communicate effectively and work closely together, the 
panelists said, particularly because patients with hemo-
philia A require close monitoring and collaboration with 
the care team.

“Having communication and knowing we’re on the 
same team [is important],” Watkins said. “We want to 
take care of the patient, but I do know that it’s hard 
to weed everybody out because not everybody has 
the patient’s interests at hand, not everybody has the 
resources to care for this high-touch, high-need 
patient base.”

In addition to maintaining relationships with other 
members of the care team, Chowdhry added that 
building relationships with patients is important.

One way pharmacists can work with patients is by 
addressing financial barriers, which Moorman 
said can be especially challenging in the specialty 
pharmacy space.

“The financial portion is definitely a huge barrier to 
patients because these products are so expensive and 
they have a difficult time being able to afford them 
without the help of copay assistance programs and what 
extras [they] provide,” Moorman said. “We help them 
overcome them [by] giving them all the information that 
they need to sign up for those programs.”

Finally, Watkins said educational programs, especially 
for infusion-based treatments, are essential for patients. 
Many patients may struggle with pain management, so 
there are programs to help with this and to normalize 
quality of life, Watkins said. Some programs can be 
particularly impactful for pediatric patients who may 
struggle to balance their treatments in school or 
other environments.

“We have the 504 [Individualized Educational Plan] 
to let them know the options they have at schools, but 
we also do fun things like photography and sewing and 
singing,” Watkins said in the forum.

Watkins said these programs helped patients who were 
not connecting with other individuals with hemophilia A 
during the pandemic lockdown. ■

Panelists Discuss Effective Management, Considerations for Hemophilia A
Pharmacists Can Coordinate Educational Programs for Patients to Normalize 
Quality of Life and Minimize Infusion-Related Pain
B Y  A S H L E Y  G A L L A G H E R
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Continuing the Conversation: Seeing 
Improvements in the Management of Age-
Related Macular Degeneration and Diabetic 
Macular Edema With Pharmacist Involvement

EDUCATIONAL OBJECTIVES

At the completion of this activity, the participant will be able to:

•   Identify commonly asked questions regarding the management of age-related macular 
degeneration (AMD), diabetic macular edema (DME), and individualized care

•   Analyze safety, efficacy data, and clinical evidence for the use of current and emerging 
therapies in the management of AMD and DME

•   Illustrate best practices for the pharmacist in the management of AMD and DME 

TARGET AUDIENCE: Health-system, retail, and specialty pharmacists
ACTIVITY TYPE: Application
RELEASE DATE: October 1, 2022
EXPIRATION DATE: October 1, 2023
ESTIMATED TIME TO COMPLETE ACTIVITY: 2.0 hours
FEE: This lesson is offered for free at www.pharmacytimes.org.

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 0290-0000-22-437-H01-P. 
The activity is available for CE credit through October 1, 2023.

Introduction
Neovascular age-related macular degen-
eration (nAMD) and diabetic macular 
edema (DME) are disorders affecting 
the choroidal and retinal vasculatures, 
respectively.1 Vision loss related to these 
diseases is associated with a substantial 
socioeconomic impact and contributes to 
profound reductions in quality of life for 
patients and burden for their caregivers.2,3

Age-Related Macular Degeneration
AMD is a disorder primarily occurring 
in older adults, with 10% to 13% of 
patients older than 65 years affected in 
North America, Europe, Australia, and 
Asia (FIGURE 14).5 Prevalence of AMD 
increases with age and is expected to 
continue to increase as the population 
ages. Global projections made in 2004 
estimated a prevalence of 196 million 
people affected by 2020, further rising 
to 288 million by 2040. In the United 
States alone, the prevalence of AMD is 

expected to reach 22 million by 2050.6 

When compared with other races, 
AMD is prevalent in White individuals 
(FIGURE 14). Differences in the prevalence 
of AMD among racial/ethnic groups have 
been attributed to dissimilarities in the 
frequency and impact of genetic markers 
(eg, age-related maculopathy suscepti-
bility 2, complement factor H).7 Whereas 
nAMD, also known as exudative or wet 
AMD, only makes up about 10% to 15% 
of cases of AMD, and non-nAMD, also 
known as non-exudative or dry AMD, 
makes up the remainder. Non-AMD 
makes up more than 80% of all AMD 
cases that result in severe visual acuity 
(VA) loss or blindness.8

Diabetic Macular Edema
A major driver of the incidence and prev-

alence of DME is the increasing occurrence 
of diabetes in the United States and world-
wide. The Centers for Disease Control 
and Prevention’s 2020 National Diabetes 
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Statistic Report estimated that, in 2018, 13.0% of US adults 18 
years or older and 26.8% of US adults 65 years or older expe-
rienced adult-onset (type 2) diabetes.9 Further, the prevalence 
of diabetes in US adults 18 years and older has increased by 
approximately 26% between the years 1999 and 2016 (from 
9.5% to 12.0%).9 The prevalence rates of DME vary between 
type 1 and 2 diabetes. Estimates of DME in patients with type 
1 diabetes range from 14.0% to 20.1%, while the estimates for 
individuals with type 2 diabetes vary from 6.0% to 25.4%.10

Pathophysiology of Age-Related Macular 
Degeneration
Besides age, several other elements and cellular processes 
(eg, inflammation, lipofuscinogenesis, neovascularization, 
drusogenesis) play essential roles in the development and 
progression of AMD.11 The role of inflammation in AMD, 
an increasingly common suspect in many disease states, may 
also be linked via the complement cascade and drusogenesis, 
which is the process of developing drusen (lipid deposits).12 
Lipofuscinogenesis refers to the process of accumulating 
lipofuscin, a pigment generated by cellular metabolism that 
accumulates in lysosomes.13 The pathogenesis of nAMD 
involves the recruitment of immune cells to the damaged 
macula and secretion of proinflammatory and proangiogenic 
cytokines, particularly vascular endothelial growth factor 
(VEGF).14 VEGF stimulates endothelial cell proliferation 
and migration and consequently leads to angiogenesis and 
increased vascular permeability.15,16 The newly growing 

blood vessels leak fluid, disrupting and damaging the layer of 
photoreceptors and impairing vision. Although the abnormal 
vessels of wet AMD typically arise from the choroidal circu-
lation, neovascularization and leakage also can emerge from 
the retinal vasculature.17

Pathophysiology of Diabetic Macular Edema
DME can be defined by the amount of retinal thickening 
(≥250 μm) that manifests from several pathophysiologic 
processes that damage the retinal endothelium, thus impairing 
the blood-retinal barrier.18 The hyperglycemia of diabetes 
drives metabolic changes that lead to the disruption of the 
blood-retinal barrier, and VEGF plays a major role in this 
process (FIGURE 219).20 Because 15% to 20% of DME cases 
are refractory to anti-VEGF therapies, the intricate etiology 
of DME may be split into vasogenic and inflammatory.20,21

The availability of anti-VEGF therapies has advanced the 
management of both nAMD and DME.22,23 However, the 
outcomes achieved in these diseases are often suboptimal.24,25 
One potential reason for these shortcomings is the significant 
burden of frequent treatment and monitoring that contributes to 
poor adherence to recommended dosing strategies.24,25 Fortu-
nately, novel agents are emerging to address these limitations 
by enhancing the durability of treatment response to decrease 
treatment burden in both nAMD and DME.22,26 Moreover, home 
monitoring strategies offer additional methods to decrease the 
overall burden of disease monitoring on patients and health care 
systems while improving personalized care.27 Given the plethora 
of practice-altering developments that are rapidly materializing, 
pharmacists—who are pivotal members of the health care team 
serving these patient populations—require a necessary and 
up-to-date educational initiative that details the latest advances 
in the fields of both nAMD and DME.

STAR*

How do new treatments for both nAMD and DME 
compare with traditional agents? What are the 
advantages associated with these new therapies? 

*S = Stop; T = Think; A = Assess; R = Review

Clinical Data of Current and Emerging 
Therapies in nAMD and DME
Insights into the pathophysiology of nAMD and DME have 
been the driving force for developing therapeutic options. 

FIGURE 1. 2010 PREVALENCE RATES OF AGE-RELATED 
MACULAR DEGENERATION BY AGE AND RACE4
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Prior to the introduction of anti-VEGF agents, the predomi-
nant treatments for nAMD and DME focused on photodynamic 
therapy, which has the ability to only reduce the rate of vision 
loss.28,29 In contrast, anti-VEGF therapies can achieve vision 
restoration and are estimated to decrease legal blindness due 
to nAMD by approximately 72% (95% CI, 70%-74%).30,31

Traditional Anti-Vascular Endothelial Growth Factor 
Therapies
Clinical treatment guidelines for both nAMD and DME 
recommend the use of anti-VEGF agents aflibercept, ranibi-
zumab, or off-label bevacizumab as first-line therapy to 
improve VA and prevent disease progression.8,32 TABLE 133-38 
lists these 3 therapies in addition to brolucizumab. However, 
there do appear to be some differences in efficacy among 
these agents, such as the number of letter improvements, 
retinal drying effect seen on optical coherence tomography, 
effect on VA based on baseline characteristics, or the duration 
of action between injections. 

For instance, when patients do not respond to off-label bevaci-

zumab, they are often switched to aflibercept or ranibizumab in 
hopes of a better retinal drying effect or longer treatment interval. 
Protocol T from the Diabetic Retinopathy Clinical Research 
Network compared these 3 anti-VEGF therapies in eyes with 
vision loss due to center-involved DME and found that when 
vision loss was mild at baseline, all 3 agents had similar VA 
improvement, although aflibercept had a better drying effect.39 
When the VA loss was greater at baseline, aflibercept was supe-
rior in achieving greater VA improvement compared with beva-
cizumab after 2 years of treatment.39 In another comparison trial 
involving DME, aflibercept, bevacizumab, and ranibizumab had 
similar efficacy when VA was better than 20/50 (approximately 
+8 letters at 1 year), but when the baseline VA was 20/50 or 
worse, aflibercept improved VA more than the other 2 therapies 
(+19 vs +12 letters with bevacizumab and +19 vs +14 letters 
with ranibizumab).37 There was no difference in improvement 
in VA between ranibizumab and bevacizumab.37 The median 
number of intravitreal injections was similar among the 3 treat-
ments (9, 10, and 10 in the aflibercept, bevacizumab, and ranibi-
zumab groups, respectively).37 Rates of adverse effects (AEs) 

FIGURE 2. DEVELOPMENTAL PATHWAYS OF DIABETIC MACULAR EDEMA19

 

Ang-2, angiopoietin-2; ICAM-1, intercellular adhesion molecule-1; TNF-α, tumor necrosis factor-alpha; VCAM-1, vascular cellular adhesion molecule; VEGF, vascu-
lar endothelial growth factor.
 
Republished from Rangasamy S, McGuire PG, Das A. Diabetic retinopathy and inflammation: novel therapeutic targets. Middle East Afr J Ophthalmol. 
2012;19(1):52-59. doi:10.4103/0974-9233.92116, under the terms of the Creative Commons Attribution-Noncommercial-Share Alike 3.0 Unported license. 
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were generally low and similar among the 3 groups.37 
Ranibizumab is a recombinant humanized monoclonal anti-

body fragment that binds to and inhibits VEGF-A. The efficacy 
of a ranibizumab injection for nAMD was established in both 
the MARINA and ANCHOR trials. In the MARINA trial at 
the 24-month end point, 92.0% of patients receiving 0.3 mg of 
ranibizumab and 90.0% of individuals receiving 0.5 mg of ranibi-
zumab lost fewer than 15 letters from baseline VA compared 
with 52.9% of those in the sham injection group (P <.001 for 
both treatment groups compared with the sham group).40 The 
ANCHOR trial compared ranibizumab with an active control, 
verteporfin photodynamic therapy.41 Greater percentages of trial 
participants treated with 0.3 mg or 0.5 mg of ranibizumab lost 
fewer than 15 letters of VA (90.0% and 89.9%, respectively) at 
the 24-month end point compared with 65.7% of patients in the 
control group.41 In a retrospective analysis that compared 3-year 
outcomes of ranibizumab versus aflibercept in DME, a total of 
534 eyes of 402 patients were included.42 The real-world obser-
vational study demonstrated that the longitudinal adjusted VA 
change over the 3-year period between ranibizumab and afliber-
cept using all eyes differed significantly (P <.001).42 However, 
the adjusted mean changes in the central subfield thickness 
remained significantly different (P <.01) throughout the 3-year 
period in favor of aflibercept.42 Findings also showed that 
when patients had moderate baseline visual impairment (VA: 
≤68 Early Treatment Diabetic Retinopathy Study letters), the 
vision improved faster in eyes treated with aflibercept up until 
18 months of treatment compared with eyes treated with ranibi-
zumab, which then stayed similar until 36 months of treatment.42

Aflibercept is a recombinant fusion protein with the soluble 
receptor domains of VEGF receptors 1 and 2 linked to the core 
molecule of a human immunoglobulin G1 fragment.34 This 
agent binds to VEGF-A and placental growth factor and inhibits 
binding and activation of endothelial cell receptors, thereby 
suppressing neovascularization and slowing vision loss.34 The 
efficacy and safety of this agent for the treatment of nAMD were 
assessed in the VIEW 1 and 2 clinical trials using ranibizumab 
as the active control.43 Aflibercept was studied at 3 dosing 
regimens—0.5 mg every 4 weeks, 2 mg every 4 weeks, and 2 
mg every 8 weeks—while ranibizumab was used at the recom-
mended dosing regimen of 0.5 mg every 4 weeks.43 Testing of 
the extended dosing interval of 8 weeks sought to reduce the 
burden and risk of monthly injections.43 With an active control 
arm, the primary end point of the VIEW 1 and 2 studies was 
noninferiority of aflibercept compared with ranibizumab with 
respect to the percentage of patients maintaining VA (<15 letters 
from baseline) at 52 weeks, and all 3 aflibercept dosing regi-
mens achieved the primary end point.43 In both studies, 94.4% of 
ranibizumab (0.5 mg every 4 weeks) maintained VA, while the 
results for aflibercept were (VIEW 1 and 2 data, respectively) 
95.9% and 96.3% for 0.5 mg every 4 weeks; 95.1% and 95.6% 
for 2 mg every 4 weeks; and 95.1% and 95.6% for 2 mg every 8 
weeks.43 AEs were similar across treatment groups.43

Brolucizumab is a humanized single-chain antibody fragment 
that inhibits the VEGF-1 and -2 receptors by binding to VEGF-A 
isoforms.38 Efficacy of brolucizumab for the treatment of nAMD 
was established in the HAWK and HARRIER clinical trials, 
which used aflibercept as an active control.44 Brolucizumab was 

TABLE 1. TRADITIONAL THERAPIES FOR NAMD AND DME33-38

Drug Indication (nAMD/DME) Dose Frequency

Aflibercept injection nAMD/DME nAMD: 2 mg
DME: 2 mg

nAMD: 2 mg every 4 weeks x 3 months, followed 
by 2 mg every 8 weeks
DME: 2 mg every 4 weeks x 5 injections, fol-
lowed by 2 mg every 8 weeks

Bevacizumab injection Off label nAMD: 1.25 mg
DME: 1.25 mg

nAMD: 1.25 mg monthly x 3 months, then may 
be given scheduled (monthly) or as needed 
based on monthly ophthalmologic assessment 
DME: 1.25 mg initially; repeat every 4 weeks 
depending on ophthalmologic response

Brolucizumab injection nAMD/DME nAMD: 6 mg
DME: 6 mg

nAMD: 6 mg monthly x 3 doses, followed by 6 
mg every 8-12 weeks
DME: 6 mg every 6 weeks x 5 doses, followed by 
6 mg once every 8-12 weeks

Ranibizumab injection nAMD/DME nAMD: 0.5 mg
DME: 0.3 mg

nAMD: monthly
DME: monthly

DME, diabetic macular edema; nAMD, neovascular age-related macular degeneration. 
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studied at 3-mg (HAWK only) and 6-mg doses using loading 
doses of 3 monthly injections followed by every 12-week dosing 
that was modified to every 8 weeks if researchers observed 
disease progression in patients, while the active control arm 
received 2 mg of aflibercept every 8 weeks.44 The studies 
concluded that brolucizumab was noninferior compared with 
aflibercept at 48 weeks with respect to the mean best-corrected 
visual acuity (BCVA) change from baseline as follows: HAWK 
(+6.8 letters for aflibercept, +6.1 letters for brolucizumab 3 mg, 
+6.6 letters for brolucizumab 6 mg) and HARRIER (+7.6 letters 
for aflibercept, +6.9 letters for brolucizumab 6 mg [P <.001 for 
all comparisons with active control]).44 In a report that assessed 
long-term outcomes from HAWK and HARRIER, visual 
outcomes continued to demonstrate the effectiveness of broluci-
zumab compared with aflibercept at 96 weeks.45 Brolucizumab 
has also demonstrated encouraging findings regarding the treat-
ment of DME. KESTREL and KITE were 2 double-masked, 
randomized, phase 3 trials that compared the efficacy and safety 
of brolucizumab with aflibercept in individuals with DME.46 
The primary end point was change in BCVA from baseline 
after 52 weeks.46 After the loading phase in both trials, 55.1% 
of patients in the KESTREL trial and 50.3% of patients in the 
KITE trial with a brolucizumab 6-mg arm stayed on a 12-week 
dosing interval through year 1.46 Overall, a numerically lower 
proportion of patient eyes treated with brolucizumab had intra-
retinal fluid, subretinal fluid, or both by 52 weeks.46 This was in 
comparison with eyes treated with aflibercept: 60.3% of patients 
in the KESTREL trial with the brolucizumab arm versus 73.3% 
of patients with the aflibercept arm and 54.2% versus 72.9% of 
patients in the KITE trial, respectively.46

Limitations of Current Treatment Options
While anti-VEGF therapies have advanced care in both 
nAMD and DME, several limitations exist with these agents 
(eg, ranibizumab, aflibercept, brolucizumab). The encour-

aging findings of the clinical trials used to approve VEGF 
inhibitors (eg, ranibizumab, aflibercept, brolucizumab) are 
not consistently reproduced in real-world data. The treat-
ment burden associated with frequent injections, physician 
visits, insurance status, co-pays, and AEs serve as factors for 
patients receiving significantly fewer injections in practice 
than in clinical trials.47 Patients with nAMD and DME in the 
real-world setting receive substantially fewer injections than 
those participating in clinical trials.48 As a consequence, VA 
outcomes are inferior to those seen in clinical trials.24,25

Formulation and administration challenges have also been 
identified with intravitreal injections. Bevacizumab is manu-
factured in 25-mg/mL vials appropriate for use in its FDA-
approved indications for treatment of various solid tumors 
but must be split into single-use syringes by compounding 
pharmacies or hospital pharmacies for intravitreal administra-
tion. Inappropriate and/or unsanitary compounding practices 
have led to clusters of inflammation and infectious endophthal-
mitis.5 Aflibercept and ranibizumab are available as prefilled 
syringes. Prefilled syringes are preferred over vial formulations, 
as they require less manipulation by clinical staff and help 
to lower incidence of vision loss related to endophthalmitis 
after administration.49 Unfortunately, prefilled syringes do not 
eliminate inflammation risk, as clusters of sterile ocular inflam-
mation have been linked to aflibercept.50 Syringes also pose a 
risk of injection of silicone droplets that create floaters large 
enough to obstruct vision.51  

New and Emerging Therapies 
Fortunately, therapies with novel mechanisms of action and 
drug delivery systems are being developed to overcome some 
of these barriers (TABLE 252,53).

Faricimab, approved by the FDA in January 2022, is the first 
bispecific monoclonal antibody designed for the treatment of 
nAMD and DME. The bispecific design binds and neutralizes 

TABLE 2. NEWLY FDA-APPROVED THERAPIES FOR NAMD AND/OR DME52,53

Drug Indication (nAMD/DME) Dose Frequency

Faricimab nAMD/DME nAMD: 6 mg
DME: 6 mg

nAMD: 6 mg every 4 weeks x 4 months, then every 8-16 
weeks thereafter
DME: 6 mg every 4 weeks x 4-6 months, then every 8 weeks 
thereafter

Ranibizumab PDS nAMD 2 mg (0.02 mL of 100-
mg/mL solution) deliv-
ered continuously

Refill implant every 24 weeks

DME, diabetic macular edema; nAMD, neovascular age-related macular degeneration; PDS, port delivery system. 
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both VEGF and angiopoietin-2, 2 important mediators of these 
disorders (FIGURE 354).52,55,56 This dual-targeted approach leads 
to improved durability, as treatment intervals can be extended 
up to once every 4 months without loss of efficacy.57

The phase 3, randomized, double-masked, active compar-
ator-controlled trials, TENAYA and LUCERNE, compared 
intravitreal injections of faricimab with aflibercept in 1329 
treatment-naïve patients with nAMD. Patients received either 
faricimab 6 mg given up to every 16 weeks or aflibercept 2 mg 
every 8 weeks after monthly loading doses. The primary end 
point was mean change in BCVA from baseline. In both trials, 
faricimab demonstrated noninferiority to aflibercept. In the 
TENAYA trial, mean gains in BCVA were 5.8 and 5.1 letters in 
the faricimab and aflibercept groups, respectively. Mean gains 
in BCVA in the LUCERNE trial were 6.6 in both the faricimab 
and aflibercept groups. The incidence of AEs was comparable 
between faricimab and aflibercept.58

In new, 2-year findings from the TENAYA and LUCERNE 
trials that were recently presented at the American Society of 
Retina Specialists (ASRS) 2022 annual meeting, more than 60% 
of faricimab-treated patients were able to be treated every 4 
months while achieving comparable vision gains compared with 

every-other-month aflibercept treatment. This is an increase of 
over 15% since the 1-year primary analysis, while nearly 80% 
of those receiving faricimab were able to be treated every 
3 months or longer.59

TRUCKEE is an ongoing real-world trial aiming to assess 
outcomes in faricimab-treated patients with nAMD. Preliminary 
data from this trial were recently presented at the ASRS 2022 
annual meeting. This trial comprised 421 eyes of 377 patients 
for a total of 770 intravitreal injections. Researchers looked at 
follow-up of the study participants who had 20/400 vision or 
better, and most patients (almost two-thirds) received afliber-
cept as their last anti-VEGF injection prior to switching to faric-
imab. Follow-up data from 236 eyes were available for analysis; 
vision was considered stable in these patients. They received 
their faricimab dose and returned for a follow-up visit. The trial 
eyes had a mean of 63.3 Early Treatment Diabetic Retinopathy 
Study letters at follow-up, a mean improvement of 0.5 letters 
from baseline (from 62.8 letters). Improvements were observed 
in central subfield thickness and pigment epithelium detachment 
height, and visual and anatomical improvements were similar 
in patients who switched from any anti-VEGF treatment. Faric-
imab has demonstrated encouraging safety-related findings.60

Phase 3, randomized, double-masked, active comparator-
controlled trials, YOSEMITE and RHINE, compared faricimab 
at 2 dosing frequencies with aflibercept in 1891 patients with 
treatment-naïve DME. Patients received faricimab 6 mg every 
8 weeks, faricimab 6 mg based on a personalized treatment 
interval (PTI) algorithm, or aflibercept 2 mg every 8 weeks. The 
primary end point was mean change in BCVA from baseline, 
and faricimab demonstrated noninferiority to aflibercept in 
both arms. Faricimab met the primary end point of noninferior 
BCVA change over 1 year versus aflibercept in both trials. In the 
YOSEMITE trial, mean BCVA change for the faricimab every 
8-week, faricimab PTI, and aflibercept groups was 10.7, 11.6, 
and 10.9 letters, respectively. Meanwhile, the average BCVA 
change in the RHINE trial for the faricimab every 8-week, 
faricimab PTI, and aflibercept groups was 11.8, 10.8, and 10.3 
letters, respectively. Incidence of ocular AEs was comparable 
among all 3 treatment groups.61

The ranibizumab port delivery system (PDS) is an innova-
tive drug delivery mechanism for anti-VEGF therapy designed 
to decrease the frequency of intravitreal injections, thus 
addressing treatment burden. The refillable implant is inserted 
surgically into the eye in the operating room and then is refilled 
in the office every 6 months. It has been shown to provide a 
continuous release of ranibizumab, thus having the potential to 

FIGURE 3. MECHANISM OF ACTION OF FARICIMAB54

 

Ang-2, angiopoietin-2; ICAM-1, intercellular adhesion molecule-1; TNF-α, 
tumor necrosis factor-alpha; VCAM-1, vascular cellular adhesion molecule; 
VEGF, vascular endothelial growth factor.

Republished from Sahni J, Patel SS, Dugel PU, et al. Simultaneous inhibition 
of angiopoietin-2 and vascular endothelial growth factor-a with faricimab 
in diabetic macular edema: BOULEVARD Phase 2 Randomized Trial. 
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under the terms of the Creative Commons Attribution-Noncommercial-
Share Alike 3.0 Unported license. 
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drastically reduce the treatment visit burden. The PDS delivers a 
serum concentration of ranibizumab within the same maximum 
and minimum range experienced with monthly injections. The 
concentration within the implant decreases with a half-life 
of about 25 weeks.53

The ranibizumab PDS, approved by the FDA in October 
2021, is indicated for the treatment of patients with nAMD who 
previously responded to at least 2 intravitreal injections of a 
VEGF inhibitor. The approval was based on the results of the 
ARCHWAY trial.53 This phase 3, open-label, randomized trial 
compared ranibizumab PDS refilled at 24-week intervals with 
monthly intravitreal ranibizumab injections.62 The primary end 
point was change in BCVA, and it demonstrated noninferiority 
and equivalence of the PDS to monthly injections.62 Mean 
change in BCVA was 0.2 and 0.5 letters in the ranibizumab PDS 
and intravitreal injection treatment arms, respectively.62 

Common AEs with the PDS included conjunctival hemor-
rhage or hyperemia, iritis, and eye pain. In the PDS cohort, most 
AEs occurred within 1 month of implantation. Furthermore, 16 
of 248 (6.5%) patients receiving the PDS experienced conjunc-
tival bleb or conjunctival filtering bleb leak. Events were 
considered not serious, but 1 case did require surgical resection. 
The incidence of vitreous hemorrhage was significantly reduced 
with changes in the operation protocol. There were 4 cases of 
endophthalmitis in the PDS group compared with none in the 
monthly ranibizumab injection group.62

Investigators evaluated treatment satisfaction for ranibizumab 
delivered via PDS versus intravitreal injections in addition to 
patient preference among those assigned to PDS. Researchers 
used the PDS Patient Preference Questionnaire to measure 
patient preference in the PDS arm of the ARCHWAY trial at 
week 40 over previous intravitreal injections. Treatment satis-
faction was measured using the Macular Disease Treatment 
Satisfaction Questionnaire in the PDS and intravitreal injection 
arms at week 40. In the PDS arm, almost all patients preferred 
treatment via the PDS (93.2%) versus previous intravitreal 
injections (1.3%), including 73.5% with a very strong prefer-
ence for the ranibizumab PDS.63

Research on this delivery system in patients with diabetic 
retinopathy (DR) and DME is ongoing. Extension of the PDS 
refill-exchange interval to 36 weeks is being investigated in the 
phase 3 VELODROME trial, though results are not expected 
until late 2023.64 Moreover, the phase 3 PORTAL extension 
trial is designed to evaluate long-term safety and tolerability 
of the ranibizumab PDS in patients who completed a previous 
trial with the implant.65

OPT-302 is an investigational decoy receptor targeting VEGF-
C/D isoforms, intended for use in combination with standard 
anti-VEGF-A therapies.66 Concurrent phase 3, double-masked, 
sham-controlled trials, SHORE and COAST, are currently 
underway in patients with nAMD.67,68 They will evaluate the 
efficacy and safety of OPT-302 intravitreal injections in combi-
nation with standard anti-VEGF therapies versus anti-VEGF 
alone. The SHORE trial uses ranibizumab as a comparator, 
whereas the COAST trial uses aflibercept. If approved, OPT-302 
will represent an expansion of treatment to include VEGF 
subtypes beyond the VEGF-A isoforms targeted by current 
therapies. OPT-302 is also being evaluated in patients with 
DME, having completed a phase 1/2, dose-escalation/expansion 
trial of OPT-302 in combination with aflibercept compared with 
aflibercept alone.69

Biosimilars are also an area of interest, with FDA-approved 
biosimilars currently available for aflibercept, bevacizumab, 
and ranibizumab. Of these products, only the ranibizumab 
biosimilar is FDA approved currently for use as an intravitreal 
injection for the treatment of nAMD. The biosimilars for afliber-
cept and bevacizumab are currently only approved for onco-
logic indications.70-73 Bevacizumab-vikg is the first ophthalmic 
formulation of bevacizumab and may soon gain FDA approval 
for an ophthalmic indication. Recently, a completed phase 3 
trial, NORSE TWO, for nAMD compared bevacizumab-vikg 
monthly injections with ranibizumab injections dosed per 
package labeling. The trial met its primary end point, with 
41% of patients receiving bevacizumab-vikg demonstrating a 
minimum 15-letter increase in BCVA compared with 23% with 
ranibizumab (P = .0052).74 Compared with the reference product, 
the expectation of reduced cost with a biosimilar may still drive 
future treatment selection as more biosimilars come to market.75

Gene therapy is another exciting treatment modality being 
investigated for nAMD and DME. Multiple early phase trials are 
ongoing to evaluate the effectiveness of these therapies in which 
a genetic vector that encodes a monoclonal antibody fragment is 
injected into the eye, either in the operating room or in the office. 
These agents would theoretically be a one-time injection for 
diseases with a historically high treatment burden.76 Preliminary 
information has been presented on the phase 2 ALTITUDE and 
AAVIATE trials evaluating RGX-314, which encodes a soluble 
anti-VEGF protein related to ranibizumab.77,78 The 2 trials 
compare a single treatment of RGX-314 with monthly ranibi-
zumab injections in patients with DME and nAMD, respec-
tively. Both trials are still ongoing, but early reports indicate 
that RGX-314 has generally been well-tolerated.76,79,80
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Another gene therapy, ADVM-022, has had more mixed 
results. This therapy encodes aflibercept and is intended for use 
as a single, intravitreal injection in the office. The OPTIC trial 
is evaluating various doses of ADVM-022 for the treatment 
of nAMD.81 Preliminary findings indicate a favorable safety 
profile with mostly mild, treatable inflammation and over 80% 
of patients not requiring supplemental anti-VEGF injections at 
follow-up of up to 92 weeks.82 The INFINITY trial, evaluating 
ADVM-022 in patients with DME, was halted after some patients 
developed severe, progressive vision loss from hypotony.83

KSI-301 is an investigational anti-VEGF therapy that is unique 
in structure. It is composed of a humanized immunoglobulin G1 
antibody linked to a biopolymer designed to increase intraocular 
durability. KSI-301 has a strong affinity for VEGF-A and has 
demonstrated a half-life of 10.5 days in the retina and 12.5 days 
in the choroid in animal models, around twice the length of the 
half-lives of other anti-VEGF targeted therapies. Early phase 
clinical trials are ongoing.84

D-4517.2 is a subcutaneous anti-VEGF agent used in an auto-
injector form that allows patients with DME or nAMD to self-
administer the medication at home as opposed to having to go 
to a clinic. In a phase 1 study, data demonstrated that D-4517.2 
was safe and well-tolerated in healthy subjects.85 If approved 
in the future, the role of pharmacists managing these patient 
populations will be heightened given the need for counseling 
regarding administration of therapy.86

STAR

Why do pharmacists play such a pivotal role in the 
treatment of both nAMD and DME? What are their 
responsibilities while managing patients with either 
disease? What can they do to optimize care for these 
burdened patients?

Pharmacist Considerations 
With an adequate comprehension of current and emerging 
therapeutics, pharmacists can have the ability to positively 
impact care in patients with nAMD or DME. They are an 
essential component of the multidisciplinary team when 
managing these patient populations.

Patient-Centered Therapy Selection 
Patients under treatment for nAMD and DME may benefit 
from a patient-centered approach to therapy selection. This 
model shifts the paradigm of the clinician-patient relation-
ship from a paternalistic approach to a holistic modality, 
as the patient becomes the focus or reference point with 

the clinician empowering the patient with shared decision 
making.87 Experts propose that a high-quality, patient-
centered model should consist of the following elements in 
an ophthalmology setting88:

•  Extensive patient education
•  Patient-centered communication techniques 

during counseling sessions
•  Personal disease records
•  Education programs for caregivers
•  On-site ocular care

Incorporating patient-centered practices, including therapy 
selection, can improve several health-related outcomes (eg, 
mitigating the severity of AEs).89 The wide array of current 
and emerging pharmacologic options for nAMD and DME 
provide an opportunity for pharmacists to implement patient-
centered care into clinical practice, particularly considering the 
burdens harbored by patients and caregivers regarding clinic 
visits for appointments.

Low-vision rehabilitation may increase visual function and 
help with mobility, reading, and driving, thereby optimizing 
quality of life and independence with activities of daily living for 
those with AMD.90 Because early referral can increase outcomes, 
patients should be referred to a low-vision practice as soon as 
possible.90 Additionally, many organizations provide services 
for patients with AMD and accompanying visual impairment, 
including the American Foundation for the Blind, National 
Federation of the Blind, and the Lighthouse Guild.91,92 Pharma-
cists are key clinicians in terms of providing such information.

Lifestyle Recommendations 
One of the most important actions that patients with nAMD 
can take to reduce their risk of disease progression is to adopt 
a diet that includes specific foods and nutrients known to 
help support ocular health. Two large studies—1 of which 
spanned a 21-year period—found that patients with AMD 
who were adherent to a Mediterranean diet (ie, a diet rich 
in fruits, vegetables, fish, legumes) were 41% less likely to 
develop advanced AMD.93

Similarly, a Mediterranean diet has also been shown to be 
associated with favorable outcomes in patients with DR (ie, the 
precursor to DME). In a meta-analysis of 31 studies, researchers 
evaluated the association between dietary intake and DR. 
Results demonstrated that greater consumption of dietary fiber 
and oily fish, in addition to a Mediterranean diet, was protec-
tive against DR, whereas high caloric intake was linked to an 
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elevated risk of this disease.94

In addition to prioritizing a healthy diet, exercising daily can 
also help reduce the risk of AMD progression. Implementing 
aerobic activity can increase available antioxidant levels in the 
eye, as well as boost the overall emotional state of patients.95,96

Pharmacists should also encourage patients with nAMD 
to use protective eyewear, especially when they spend time 
outdoors. Unprotected exposure to the sun’s UV rays can perma-
nently damage structures in the eye and speed the progression 
of AMD.97 It is recommended that individuals with AMD wear 
sunglasses with lenses that filter 90% to 100% of both UV-A 
and UV-B light.97-99

As clinicians who are well placed to provide both advice on 
the correct use of smoking cessation products and behavioral 
support to aid with quitting, pharmacists have a monumental 
role in this aspect of nAMD management. Patients who smoke 
have up to 4 times the risk of developing AMD compared with 
nonsmokers, and smoking may decrease the effectiveness of 
some therapies that treat nAMD.100

Patient Education and Improvement of Adherence 
As previously mentioned, patient adherence to traditional 
anti-VEGF agents is often suboptimal.101,102 Pharmacists 
can apply a wide range of strategies to help enhance patient 
education and improve adherence to treatment. 

The ongoing COVID-19 pandemic has underscored the need 
for telemonitoring options to decrease patient-clinician (eg, 
pharmacist) contact time and travel.103 Telemonitoring has been 
studied in patients with AMD and DR, offering an alternative 
to in-person screening examinations and potentially increasing 
patient participation.27 In 2010, the FDA approved the use of a 
home monitoring system for early detection of progression from 
intermediate AMD to nAMD. The ForseeHOME monitoring 
system uses preferential hyperacuity perimetry testing that 
detects changing distortions in patients’ relative spatial percep-
tion. Real-world analysis of this system demonstrated increased 
early detection rates, allowing treatment to be initiated before 
significant VA decline.104 It is also cost-effective in patients 
at high risk of developing nAMD compared with scheduled 
examination alone, with an incremental cost-effectiveness ratio 
of $35,663 per quality-adjusted life-year gained.105

Smartphones are now a valuable tool in the home monitoring 
arsenal, as an application has been developed for patients to 
download and conduct self-testing under the supervision of their 
clinician (eg, pharmacist). A trial evaluated 417 patients who 
received the offer to use a Home Vision Monitor smartphone 

app to monitor their vision in a single vision center in the United 
Kingdom. The investigators found that adherence was associated 
with a diagnosis of nAMD, White British ethnicity, and baseline 
VA. The uptake of the system decreased as age increased and 
adherence was higher in patients who expressed higher comfort 
with the use of modern technologies. The age-related nature 
of this disease presents an obvious barrier to the use of these 
systems, but the application did offer increased reassurance for 
patients who were able to use it properly.106 This tool may allow 
pharmacists to track patient adherence in nAMD and DME.

Additionally, pharmacists can play a big role in the treatment 
of DME by encouraging prompt screening. Many individuals 
with diabetes do not receive regular eye care examinations.107 
The onset of DR-related complications is typically insidious, 
and patients remain generally asymptomatic and unaware of 
the disease during the early stages when treatment and medical 
management are most effective.108 The asymptomatic presenta-
tion of DR emphasizes the importance of early retinal examina-
tions to detect and evaluate disease severity and identify patients 
at risk for vision loss.109

After identifying at-risk patients, pharmacists can advise 
patients to schedule routine eye examinations (particularly 
important for individuals with diabetes). Counseling and patient 
education are important components of the pharmacist’s duties, 
as these activities often constitute a substantial portion of a phar-
macist’s workday.110 Once a therapeutic option is determined, 
pharmacists must continue to monitor therapy for safety and effi-
cacy and encourage patients to adhere to treatment, especially 
in light of data demonstrating that longer treatment intervals 
(≥12 weeks) are associated with reduced treatment persistence 
in nAMD.111 As newer, longer-lasting therapies (eg, faricimab) 
become increasingly integrated into nAMD and DME treatment 
paradigms, reemphasizing the need for ongoing and persistent 
treatment will serve as a pivotal counseling point for patients.

Further, pharmacists should discuss how to use an Amsler 
grid with a patient with nAMD, as this tool is a marker 
for larger change in vision and gives the patient some part 
of their own care.112

Financial Considerations 
The high costs of nAMD and DME treatments directly impact 
patients, including Medicare and Medicaid beneficiaries.113 
On the individual side of the equation, patients will likely 
continue to see options to lower out-of-pocket expenses. 
Patient assistance programs include those directly from 
biopharmaceutical manufacturers as well as programs from 
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independent organizations, many of which are nonprofits 
that may receive some funding from biopharmaceutical 
manufacturers. The Foundation of the ASRS provides a list 
of patient assistance programs applicable for persons with 
nAMD or DME.114 Patients can also feel the financial impact 
when Medicare drug costs rise via increased out-of-pocket 
expenses.115 Furthermore, because the VEGF inhibitors are 
administered by a physician, they are generally covered under 
Medicare Part B, where patient co-payments are typically 
20% of the drug cost plus the cost of physician services.116

On the payer/formulary side of the drug pricing equation, the 
average wholesale prices (AWPs) of anti-VEGF therapies are 
good starting points to consider. According to the Micromedex 
Red Book, the per-dose AWP for FDA-approved anti-VEGF 
drugs are as follows: $2220 per 2 mg/0.05 mL of aflibercept, 
$2220 per 6 mg/0.05 mL of brolucizumab, $2437 per 0.5 mg/0.05 
mL of ranibizumab injection, and $9600 per unit of ranibizumab 
PDS.117 Aflibercept and ranibizumab are 2 of the highest-cost 
medications in Medicare Part B, accounting for more than $4 
billion in 2020.118 Utilizing new therapies (eg, faricimab) may 
lead to reduced costs while simultaneously decreasing the treat-
ment burden in patients. Meanwhile, the off-label use of beva-
cizumab for nAMD and DME has an AWP of just $50 to $75 
per 1.25-mg dose.117 A recent change to Medicare policies may 
also impact payer/formulary considerations as well as patient 
costs and outcomes. Starting in January 2019, the Centers for 
Medicare & Medicaid Services granted Medicare Advantage 
plans the ability to implement step therapy for Part B drugs, 
such as anti-VEGF agents.119 This change in policy, which was 
seemingly incorporated to lower drug costs, raised concerns 
among clinicians that implementing step therapy requirements 
could negatively impact patients by delaying optimal therapy.113 
Although VEGF inhibitors are typically administered in the 
office setting, payers may utilize specialty pharmacies to provide 
the injections to providers rather than allowing the process of 
buy-and-bill to occur at the provider level.

If prior authorizations (PAs) are required by payers for certain 
therapies, optimal strategies may be utilized to streamline and 
improve the process. Toward that end, an Academy of Managed 
Care Pharmacy forum drafted recommendations to improve PA 
policies and procedures.120 The forum included stakeholders 
from a range of perspectives including academia, health plans, 
integrated delivery systems, pharmacy benefit managers, 
employers, federal government agencies, national health care 
provider organizations, and patient advocacy organizations. 
The recommendations of the forum participants are summa-

rized in 9 categories120:
•  Patient safety and appropriate medication use
•  Clinical decision making
•  Evidence-based review criteria
•  Automated decision support
•  Transparency and advanced notice
•  Emergency access
•  Provider collaboration
•  Need for timeliness and avoiding disruptions in therapy
•  Cost-effectiveness and value

A group of industry and professional organizations similarly 
gathered to suggest areas of improvement in the PA process. 
They identified 5 such areas: selective application of PA, PA 
program review and volume adjustment, transparency and 
communication regarding PA, continuity of patient care, and 
automation to improve transparency and efficiency.121 

Pharmacists and other clinicians should continue to navigate 
the PA process. Managing PAs can consume extensive amounts 
of resources in time, personnel, and other costs. Case studies 
suggest that pharmacy professionals can provide significant 
benefits when managing PAs. In a published case focusing on 
the role of specialty pharmacy, researchers demonstrated that 
pharmacists can significantly reduce the PA decision time and 
the time to first fill. When managed by the specialty pharmacy, 
the mean PA time (1.9 days) and the mean time to first prescrip-
tion fill (6.6 days) were significantly shorter when compared 
with the times when managed by a specialist’s office (mean PA 
time of 20.9 days [P <.001]; mean time to first prescription fill 
of 16.2 days [P <.001]).122

STAR

What questions do patients with either nAMD or 
DME typically ask their pharmacists? What are the 
most important aspects that pharmacists need to be 
cognizant of to optimally care for these patients and 
attend to their needs? 

Commonly Asked Questions
Considering that pharmacists are often the first point of 
contact due to their accessibility and credibility, they are 
expected to provide valuable information and answer ques-
tions from concerned or burdened patients, including those 
living with nAMD and DME.123 Individuals possessing either 
nAMD or DME may ask their pharmacists a plethora of ques-
tions, including52,53,93-99,100,124-133:

•  Does my condition require long-term treatment with 
medications? Current data demonstrate desirable outcomes 
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with early and repeated VEGF injections to treat nAMD and 
DME. However, long-term data are needed to determine 
whether treatments should be lifelong in patients. 

•  Besides injections, are there any other medication-
related options to treat my disorder? A PDS is the only 
other option currently available to treat nAMD. For DME, 
only injections are indicated to treat the disorder.

•  Are there options with longer duration between injec-
tions? The faricimab and ranibizumab PDS are 2 currently 
available agents that have extended durability compared 
with traditional injectable therapies.

•  What happens if my disease is not treated? Untreated 
nAMD will typically lead to severe central visual impair-
ment and, ultimately, legal blindness. Similarly, DME is the 
most common cause of vision loss in individuals with DR.

•  How fast does my disorder progress? On average, it takes 
about 10 years for nAMD to progress to legal blindness from 
initial diagnosis. In DME, approximately half of patients 
living with this disease will lose greater than or equal to 2 
lines of VA within a 2-year period.

•  What are some lifestyle recommendations that I can 
implement to help manage my disease? Exercise has 
been shown to be beneficial in those with DR, which is a 
precursor to DME. Similarly, exercise may reduce the 
risk of AMD progression. Incorporating a Mediterranean 
diet (ie, a diet rich in fruits, vegetables, fish, legumes) is 
associated with favorable outcomes in patients with DME 
as well as those with AMD. Smoking is a major risk factor 
for AMD, thus smoking cessation is strongly encouraged. 
Additionally, patients with AMD should wear sunglasses 
with lenses that filter 90% to 100% of both UV-A and UV-B 
light to prevent damage of the eyes and slow the progression 
of AMD. Finally, omega-3 fatty acids (ie, docosahexaenoic 
acid) have been shown to achieve better sustained improve-
ment of DME-related outcomes when combined with 
intravitreal medications compared with monotherapy with 
intravitreal therapies. 

Conclusion
nAMD and DME are 2 of the leading causes of blindness 
worldwide. Vision loss severely compromises activities of 
daily living and leads to numerous comorbidities that drive 
the socioeconomic burden of these diseases far beyond the 
basic cost of treatment. Anti-VEGF therapies with intravitreal 
injections have been the mainstay of therapy over the past 15 
years, but real-world data show poor adherence leading to 
suboptimal results compared with clinical trials. Emerging 
therapies aim to improve adherence and clinical outcomes 
by increasing the durability of response and decreasing the 
frequency of intraocular injections. These treatments include 
agents directed at new therapeutic targets, innovative drug 
delivery systems, single-dose gene therapy, and cost-saving 
biosimilars. Pharmacists, who are at the forefront of patient 
care, need to have an adequate understanding of the benefits 
and limitations of current and emerging therapies to develop 
comprehensive treatment plans that decrease overall disease 
burden and focus on sight preservation.
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POSTTEST QUESTIONS

1. Which is approved by the FDA for both age-related 
macular degeneration (AMD) and diabetic macular 
edema (DME)?
A. Bevacizumab 
B. Brolucizumab
C. Dexamethasone 
D. Fluocinolone acetonide 

2. Which is a limitation associated with the use of 
traditional anti-vascular endothelial growth factor 
(VEGF) agents that are used to treat both AMD and 
DME?
A. Discouraging data often reported in clinical trials that 

led to approval of these agents
B. Cognitive-related toxicities that are often associated 

with these therapies 
C. Cardiovascular-related toxicities that are often 

associated with these therapies
D. Suboptimal treatment adherence due to frequent 

injections with these agents 

3. Faricimab targets which of the following pathways to 
treat both AMD and DME?
A. VEGF-A and platelet-derived growth factor 
B. Angiopoietin-2 and VEGF-A
C. Angiopoietin-2 and platelet-derived growth factor
D. VEGF-A and interleukin 5

4. Which is true regarding initial clinical trial findings 
surrounding faricimab?
A. Faricimab was associated with increased drowsiness 

and shorter injection intervals compared with 
aflibercept. 

B. Faricimab was superior to aflibercept for patients 
with neovascular AMD (nAMD) in the TENAYA and 
LUCERNE trials.

C. Faricimab yielded no greater safety signals and a 
longer injection interval compared with aflibercept. 

D. An equal proportion of patients gained 10 or more 
letters from baseline in the faricimab and aflibercept 
groups. 
 
 
 
 
 
 

5. LA is a 72-year-old woman with DME who comes into 
the pharmacy. She states that she is having difficulty 
getting a ride every month to receive her intravitreal 
injection, as this frequent dosing schedule places a 
substantial burden on both LA and her caregiver. Which 
is an appropriate counseling point for LA?
A. Educate LA on new treatments that have extended 

dosing durations that allow for longer time intervals 
between injections.

B. Tell LA that she should be going back every 3 weeks 
for her intravitreal injections to maintain proper 
adherence.

C. Counsel LA on taking a “drug holiday” for 6 months 
and reassessing her vision afterwards to determine 
whether she needs to continue her injections.

D. Counsel LA that the benefits outweigh the cons 
because monthly intravitreal injections have shown 
to be the most clinically effective long-term therapies 
versus injections with extended dosing.

6. Which is available in a port delivery system formulation 
to treat AMD?
A. Aflibercept
B. Bevacizumab
C. Faricimab 
D. Ranibizumab 

7. Which pharmacist-focused strategy has been shown 
to improve outcomes for patients with either AMD or 
DME?
A. Utilizing a patient-centered care model
B. Urging patients to consult only with their physician 

with questions regarding AMD and DME therapies 
C. Recommending traditional anti-VEGF agents to treat 

both AMD and DME
D. Encouraging patients with a family history of AMD or 

DME to take preventive anti-VEGF therapies.

8. The Academy of Managed Care Pharmacy forum drafted 
recommendations to improve prior authorization 
policies and procedures. Which is a category regarding 
the recommendations of the forum participants?
A. Less emphasis placed on patient assistance programs
B. Greater need for increased use of lower-cost therapies 

without a consideration for efficacy or safety
C. More involvement of nurses compared with 

pharmacists
D. Patient safety and appropriate medication use
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POSTTEST QUESTIONS (continued)

9. What is the FDA-approved dosing interval of  
ranibizumab port delivery system for the treatment  
of nAMD? 
A. Every 4 weeks 
B. Every 12 weeks 
C. Every 24 weeks 
D. Every 52 weeks 

 
 
 
 
 
 
 

10. MC is a 66-year-old man who was recently diagnosed 
with nAMD. He comes into the pharmacy and asks 
the pharmacist if there are any lifestyle interventions 
that he can implement to help manage his condition. 
Which would be the most appropriate option for the 
pharmacist to recommend for MC?
A. Use computers or television over printed materials to 

prevent eye strain
B. Eat a diet full of red meat to give his eyes proper 

nutrition   
C. Smoking cessation
D. Use sunglasses only when eyes feel irritated outside
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Improving Clinical Outcomes in Clostridioides 
difficile: Exploring Advancements in Therapy to 
Treat Infection and Mitigate Recurrence

EDUCATIONAL OBJECTIVES

At the completion of this activity, the participant will be able to:
• Explore the epidemiology of Clostridioides difficile and burden of disease on the 

individual patient as well as the overall health care system
• Identify the pathophysiology, symptoms, and risk factors for C difficile that contribute 

to the increased rates of infection and recurrence
• Examine current guidelines and investigate new strategies for treating C difficile
• Demonstrate the role of pharmacists in reducing and preventing C difficile infections 

and in promoting the safe and efficacious use of recommended therapies

TARGET AUDIENCE: Pharmacists
ACTIVITY TYPE: Application
RELEASE DATE: November 1, 2022
EXPIRATION DATE: November 1, 2023
ESTIMATED TIME TO COMPLETE ACTIVITY: 2.0 hours
FEE: This lesson is offered for free at www.pharmacytimes.org.

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 0290-0000-22-524-H01-P. 
The activity is available for CE credit through November 1, 2023.

Introduction
Clostridioides difficile infection (CDI) 
causes a significant burden to the health 
care system and is associated with 
significant morbidity and mortality.1 The 
Centers for Disease Control and Preven-
tion (CDC) divides certain pathogens into 
3 classifications based on their level of 
concern to human health: urgent, serious, 
and concerning. CDI is classified as the 
highest-level threat of urgent, meaning 
that it is associated with serious risks and 
has the potential to become widespread, 
and thus requires immediate public health 
attention.2 In the United States in 2017, 
approximately 223,900 individuals were 
hospitalized with CDI and 12,800 patients 
died.2 In addition to primary cases, recur-
rent CDI (rCDI) cases, defined as recur-
rent symptoms within 2 to 8 weeks of the 
prior positive specimen, are becoming 
particularly problematic.3 It has been 

estimated that between 15% and 35% of 
patients who experience a primary CDI 
will develop rCDI.3,4 Some patients expe-
rience multiple rCDIs, which are gener-
ally associated with worse outcomes, 
including higher morbidity and mortality. 
The risk of recurrence increases with 
each CDI episode.1,5 

In general, CDI follows the use of antimi-
crobial therapy, which disrupts the normal 
gastrointestinal (GI) microbiome, allowing 
C difficile to colonize and multiply, estab-
lishing a clinical infection.6 At present, 
CDI is treated primarily through pharmaco-
therapy treatment, although novel therapies 
that replenish the normal GI microbiome 
are under investigation. The treatment of 
CDI has evolved over time, and in 2017, 
the Infectious Diseases Society of America 
(IDSA) and the Society for Healthcare 
Epidemiology of America (SHEA) issued 
a major update to the clinical practice 
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guidelines for the treatment of CDI.1 In response to new litera-
ture published after these guidelines were published, the IDSA 
and SHEA issued a focused update to the guidelines in 2021 
to provide further guidance in certain areas.7 The American 
College of Gastroenterology also published guidelines for the 
management of CDI in 2021. These guidelines are meant to be 
complementary to those published by IDSA/SHEA and focus 
on issues of primary interest to gastroenterologists, such as 
diagnosis and management of CDI in the context of inflamma-
tory bowel disease. Because pharmacists involved in the care of 
patients with CDI will most likely be involved in the treatment 
or prevention of the actual infection, this activity will focus on 
the ISDA/SHEA guidelines and will review the current CDI 
treatment recommendations and discuss other investigational 
strategies, and focus on the important role played by pharma-
cists in the prevention and management of CDI. 

The GI Microbiome
Understanding the importance of the human GI microbiome, 
or microbiota, to overall human health continues to improve. 
The microbiome is composed of many types of microor-
ganisms, including bacteria, viruses, fungi, protozoa, and 
archaea, accounting for trillions of microorganisms.8 There 
are approximately 100 trillion microorganisms in the GI 
tract.9 While all the different roles of the GI microbiome 
continue to be investigated and understood, it appears to play 
a role in immune function and the development of certain 
diseases.10 In particular, the GI microbiome protects the 
body from becoming colonized by disease-causing patho-
gens.11 A complete and intact microbiome generally prevents 
pathogenic organisms from causing infections.12 However, 
the microbiome can become disrupted, a process known as 
dysbiosis, due to many different circumstances, such as the 
receipt of antibiotics, immunosuppressive medications, radi-
ation therapy, or GI surgical procedures. When this dysbiosis 
occurs, pathogenic organisms, such as C difficile, can begin 
to colonize and proliferate, leading to infection.12

STAR*

Identify which antibiotics place a patient at highest risk 
of developing a CDI.

*S = Stop; T = Think; A = Assess; R = Review

Clostridioides difficile Infection
Clostridioides difficile, previously known as Clostridium 
difficile, is a spore-forming and toxin-producing gram-posi-
tive obligate anaerobic bacillus capable of causing severe 
infection. It is ubiquitous in nature, commonly found in soil 
and the waste of many mammals. It is notable for its ability 
to survive for long periods of time due to its ability to form 
spores, which can tolerate wide fluctuations in temperature 
and pH. These spores are also resistant to heat, quaternary 
ammonium detergents, and alcohols.13 Interestingly, alcohol-
based hand sanitizers do not remove C difficile spores, and 
traditional handwashing is required for anyone who has 
potentially come into contact with or caring for someone 
with CDI.1 One common misconception is that C difficile is a 
component of the normal human GI microflora, but in reality, 
it is seldom isolated as part of the normal microbiome; only 
approximately 3% to 8% of healthy adults are asymptomatic 
carriers.14 C difficile does not usually colonize individuals 
so long as the normal GI microflora remains intact. Most 
individuals are exposed to C difficile through ingestion after 
the hands or food are contaminated. While the vegetative 
bacteria, or those that are active and capable of causing infec-
tion, are usually destroyed by acid found in the stomach, the 
spores are able to withstand the acidity and move through 
the GI tract intact. In most cases, the spores pass through 
the GI tract without establishing infection. However, in those 
with dysbiosis, when the spores are exposed to bile acids, 
they germinate to form vegetative cells that can begin multi-
plying in the small intestine. C difficile produces 2 major 
toxins, toxin A and toxin B, which cause significant intestinal 
mucosa damage.1,5,15 Toxin A is an enterotoxin that causes the 
release of cytokines, resulting in increased mucosal perme-
ability and loss of fluids, leading to the characteristic watery 
diarrhea associated with CDI. Toxin B is a cytotoxin that 
promotes further damage to the GI mucosa subsequent to the 
initial damage due to toxin A.15 It is also important to note 
that hypervirulent C difficile strains have emerged, particu-
larly ribotype 027BI/NAPI , commonly known as ribotype 
027. This strain is associated with significantly increased 
toxin production and thus worse outcomes, including more 
severe disease and higher mortality compared with other 
strains.1,16 The emergence of this strain is thought to be 
related to increased fluoroquinolone use.16 The emergence of 
other hypervirulent strains, such as ribotype 078, continues 
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to increase as well.17 C difficile infection is historically 
considered to be a health care-associated infection (HAI), 
and is in fact one of the most common nosocomial pathogens 
identified in HAIs.18,19 However, it is important to also recog-
nize the increasing incidence of community-associated CDIs, 
which may account for as many as 40% of all CDIs.20 The 
most characteristic symptom of CDI is profuse and watery 
diarrhea. One common misconception is that a single episode 
of watery diarrhea could indicate CDI, but this is not gener-
ally accurate, as patients with CDI have multiple episodes. 
The 2018 IDSA/SHEA guidelines define new-onset CDI as at 
least 3 unformed stools in 24 hours.1 The diarrhea is usually 
accompanied by severe abdominal pain, cramps, nausea, 
and vomiting. More severe manifestations, such as pseudo-
membranous colitis or toxic megacolon, can occur. In these 
situations, symptoms of fever, anorexia, and malaise often 
occur.21,22 The most common risk factor for CDI is the use of 
antibiotics, which are well-known to cause dysbiosis. Virtu-
ally every antibiotic has the theoretical potential to a CDI 
episode, but certain agents have a higher risk than others. 

The antibiotics with the highest risk include clindamycin, the 
fluoroquinolones, third- and fourth-generation cephalospo-
rins, and carbapenems.1 Some antibiotics, such as vancomycin 
and metronidazole, are almost never implicated as causative 
agents and are actually used to treat CDI. In general, broad-
spectrum agents are most likely to cause dysbiosis, whereas 
more narrow-spectrum agents have a less pronounced effect 
on the GI microbiome, and thus a lower, but still present, 
risk of inducing a CDI. Selected antibiotics and their corre-
sponding risk level of inducing a CDI can be seen in TABLE 

1.1,23 Besides antimicrobial therapy, other risk factors for CDI 
exist and can be seen in TABLE 2.1 

Burden of CDI
C difficile infection is associated with significant burden to 
the patient and the health care system at large. At the patient 
level, CDI can lead to serious medical complications, such as 
sepsis, admission to the intensive care unit, extended hospital 
stays, and overall increased mortality.1 Additionally, studies 
have shown that CDI can adversely affect a patient’s quality 
of life. For example, patients with CDI are more likely to miss 
workdays, have impairment while working, and have impair-
ment during activity compared with patients without CDI.24 
Some patients report both physical and psychological effects 
of CDI even after the infection has resolved, such as changes 
in sleep patterns, worsening depression, and worsening 
of chronic diseases.18 At the health care system level, CDI 
carries a significant financial burden. As much as $1.5 billion 
is added annually to the cost of the health care system.25 

Diagnosis of CDI
The diagnosis of CDI can be challenging, as differentiating 
between those colonized and those with true infections 
can be difficult. There are different tests for CDI that vary 
considerably in sensitivity and specificity. The hallmark 
of diagnosing true infections is that testing should only be 
performed on diarrheal or unformed stools. The gold stan-
dard for CDI diagnosis is a stool culture, but this is rarely 

TABLE 1. SELECTED ANTIMICROBIALS ASSOCIATED WITH C DIFFICILE INFECTION1,23

High risk Moderate risk Low risk

•  Clindamycin
•  Extended-spectrum cephalosporins
•  Fluoroquinolones
•  Carbapenems
•  Ampicillin/amoxicillin

•  Trimethoprim/sulfamethoxazole
•  Macrolides
•  Other penicillins

•   Vancomycin
•  Metronidazole
•  Aminoglycosides

TABLE 2. RISK FACTORS FOR CDI1

Antibiotic therapy

Advanced age (≥65 years)

Duration of hospitalization (risk increases with each day)

Immunosuppression
o Patients receiving chemotherapy
o Disease states such as cancer or HIV
o Prolonged, high-dose steroid use

Concomitant diseases including, but not limited to
o Chronic heart disease
o Chronic lung disease
o Chronic kidney disease
o Diabetes
o Alcoholism

Proton pump inhibitor use

Vitamin D deficiency

Surgical GI tract manipulation

CDI, Clostridioides difficile infection; GI, gastrointestinal.
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used in clinical practice due to the slow turnaround time for 
results. Several other tests to aid in diagnosis are available, 
including nucleic acid amplification tests (NAATs), gluta-
mate dehydrogenase (GDH) tests, and toxin tests. Toxigenic 
cultures and GDH tests are both highly sensitive but have 
low specificity. NAATs have a high sensitivity for C difficile 
nucleic acid but a moderate specificity. Cell culture cytotox-
icity neutralization assay and toxin A and B enzyme immuno-
assays, both of which detect free toxins, have varying levels 
of sensitivity and specificity. Because of  the differences in 
sensitivity and specificity among the various tests, the IDSA/
SHEA guidelines recommend a multistep algorithm be used 
for diagnosis. This could include several approaches, such 
as GDH plus toxin tests, GDH plus toxin tests arbitrated by 
NAAT, or NAAT plus toxin tests. A test of cure in patients 
who have been treated for CDI is not recommended because 
patients may continue to test positive for several weeks after 
treatment ends and symptoms resolve.1 

STAR

List the possible antibiotics that can be used in the 
treatment of CDIs and compare and contrast the 
advantages and disadvantages of each one.

Treatment for CDI
C difficile is inherently resistant to many antibiotics, so treat-
ment options are limited. Further, rCDIs are often problem-
atic even with correct pharmacotherapy. The primary drugs 
used in the treatment of CDI at this time are vancomycin and 
fidaxomicin. Metronidazole has historically been used and 
can still be used in some circumstances, but is associated 
with a higher risk of rCDI. Bezlotoxumab is a new mono-
clonal antibody that can be used to prevent, but not treat, 
future recurrences. Some patients who have experienced 
repeated rCDIs may be candidates for fecal microbiota trans-
plantation (FMT). These therapies are discussed further in 
the following paragraphs.1,7  

Orally administered vancomycin has been a mainstay of 
CDI treatment for many years due to its ability to achieve 
high concentrations in the stool.1 Until the mid-1990s, it was 
the primary agent used for CDI treatment. However, metroni-
dazole was effective, cheaper, and more widely available, and 
thus became the first-line treatment used.1 However, since that 
time, new data have demonstrated that vancomycin is superior 
to and is associated with fewer cases of rCDI compared with 
metronidazole, and vancomycin is now currently recommended 

over metronidazole. Vancomycin is dosed at 125 mg orally 4 
times daily for 10 days. Because it is not systemically absorbed, 
it is associated with few adverse effects (AEs), with GI distur-
bances being most common.1

The macrolide fidaxomicin was approved in 2011 as the 
first new drug for the treatment of CDI in 31 years. Like oral 
vancomycin, fidaxomicin is not absorbed systemically, resulting 
in high fecal concentrations and a low risk of systemic AEs. 
Additionally, fidaxomicin has minimal effects on the GI micro-
biome, and also blocks the production of the toxins produced 
by C difficile. Because of its prolonged post-antibiotic effect, it 
can be administered less frequently than oral vancomycin, with 
a dose of 200 mg orally twice daily for 10 days.26 As will be 
discussed further in the sections that follow, clinical trials have 
shown that fidaxomicin and vancomycin have similar cure rates 
for initial episodes of CDI, but fidaxomicin is associated with 
fewer rCDIs, and is therefore now recommended over vanco-
mycin for initial treatment of CDI, with vancomycin being an 
acceptable alternative if fidaxomicin is not feasible.7

As mentioned previously, metronidazole was used as the 
primary treatment option for CDI for many years. It achieves 
lower fecal concentrations than vancomycin, which may 
partially explain its association with a higher risk of rCDI. 
Therefore, metronidazole should only be used as an alternative 
therapy for the treatment of initial CDIs when fidaxomicin or 
vancomycin cannot be used. The dose for metronidazole is 500 
mg orally 3 times daily for 10 to 14 days. Much like fidaxomicin 
and vancomycin, it is associated primarily with GI AEs.1 

Bezlotoxumab is a monoclonal antibody approved to prevent 
rCDI in patients with active CDI who are receiving appropriate 
antimicrobial treatment. Bezlotoxumab works by binding 
toxin B and neutralizing it, preventing damage to the colon. It 
is administered as a one-time intravenous infusion that can be 
administered in the outpatient setting and can be given at any 
point during treatment for CDI. Of note, it is not effective for 
treating an active CDI episode. It is generally well tolerated and 
has few systemic AEs, but caution must be used in patients with 
heart failure as it can worsen symptoms, so the benefit of use 
must outweigh the risks.7,27  

FMT is extremely effective for the treatment of CID, with 
some trials reporting a greater than 90% success rate.1 The 
purpose of FMT is to restore a healthy GI microbiome by trans-
planting stool from a healthy donor into a patient experiencing 
repeated CDIs. This can be achieved through a variety of means, 
such as an enema, colonoscopy, endoscopy, sigmoidoscopy, 
gastric tube, or oral capsule.28 Although highly efficacious, this 
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is a more invasive treatment than oral pharmacotherapy, and 
thus should be reserved for patients with repeated recurrences. 
Specifically, the current recommendation is to consider FMT in 
patients who have had at least 3 total CDI episodes.1 The proce-
dure is overall very safe and AEs are generally mild, consisting 
of mostly GI intolerances, such as diarrhea, constipation, and 
abdominal cramping. However, more serious AEs can occur, 
such as transfer of an infectious pathogen, including COVID-
19, from the donor stool. Additionally, because FMT is often 
performed as a medical procedure, complications can occur, 
such as GI perforation.5 

CDI Treatment Guidelines
As previously mentioned, the IDSA/SHEA CDI treatment 
guidelines underwent a major update in 2017, with a focused 
update released in 2021.1,7 The 2021 focused update left the 
majority of the recommendations from the 2018 guidelines in 
place, but provided further guidance on the treatment of CDI 
for initial infections and for the use of bezlotoxumab. The 
major recommendations from these guidelines are summa-
rized in the following sections. 

CDI Classification
The severity of CDI can be classified into 3 categories: 
non-severe, severe, and fulminant. Patients can be divided 
into these categories based on their clinical presentation and 
certain laboratory values, which are summarized in TABLE 3.1 
The total white blood cell count (WBC) rises in response 
to systemic infection, and increased serum creatinine (SCr) 
values are used as a surrogate marker for secondary organ 
damage. In general, the higher the WBC and SCr, the more 
severe the infection.1

STAR

Identify the preferred and secondary pharmacotherapy 
options for the treatment of an initial CDI episode.

Treatment of Initial CDI
The first step of treating an initial CDI is immediate discon-
tinuation of any offending antibiotic. Ideally, antibiotics for 
CDI should be withheld until infection is confirmed, but if 
the patient is likely experiencing a fulminant infection, or 
if there is a delay in obtaining laboratory values, empiric 
therapy may be initiated. If the offending antibiotic cannot be 
discontinued immediately, such as in life-threatening infec-
tions, empiric antibiotics directed against CDI may be added 

TABLE 3. CDI SEVERITY CLASSIFICATION1

Severity classification Criteria

Non-severe WBC count ≤15,000 cells/mcL
PLUS
SCr <1.5 mg/dL

Severe WBC count ≥15,000 cells/mcL
OR
SCr ≥1.5 mg/dL

Fulminant Hypotension or shock,
ileus, megacolon

CDI, Clostridioides difficile infection; dL, deciliter; mcL, microliter; SCr, serum 
creatinine; WBC, white blood cell.

TABLE 4. TREATMENT RECOMMENDATIONS FOR INITIAL CDI 
EPISODES FROM THE IDSA/SHEA GUIDELINES1,7

Classification Treatmenta

Non-severe Preferred option:
•  Fidaxomicin 200 mg orally 

twice daily for 10 days

Alternative option if fidaxomicin 
is not feasible:
•  Vancomycin 125 mg orally 4 

times daily for 10 days 

If neither fidaxomicin nor 
vancomycin can be used:
•  Metronidazole 500 mg orally 3 

times daily for 10 days 
•  Therapy can be extended to 14 

days in those who do not have 
a full clinical response

Severe Preferred option:
Fidaxomicin 200 mg orally 
twice daily for 10 days

Alternative option if fidaxomicin 
is not feasible:
Vancomycin 125 mg orally 4 
times daily for 10 days 

Fulminant •  Vancomycin 500 mg orally 4 
times daily + metronidazole 
500 mg intravenously every 8 
hours

•  Add rectal vancomycin if ileus 
is present: 500 mg in 100 mL 
normal saline every 6 hours as 
retention enema

CDI, Clostridioides difficile infection; IDSA, Infectious Diseases Society of 
America; SHEA, Society for Healthcare Epidemiology of America.
aBezlotoxumab can be used in combination with antibiotics for initial CDI 
episodes if the patient has risk factors for recurrent CDI and access to  
bezlotoxumab is not a concern.
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to the current regimen. Additionally, frequent diarrhea can 
cause fluid and electrolyte imbalances, so these should be 
frequently monitored and replaced as needed. Antiperistaltic 
agents, such as loperamide, are theoretically harmful as they 
prevent C difficile from being expelled from the body; their 
use is not recommended.1 

The treatment recommendations for initial CDI episodes are 
shown in TABLE 4.1,7 The 2017 guidelines made a significant 
change in initial CDI treatment recommendations by relegating 
metronidazole to second-line status for use only if fidaxomicin 
and vancomycin are not feasible and only for non-severe infec-
tions due to the higher incidence of rCDIs associated with 
metronidazole therapy. Additionally, the 2017 guidelines gave 
equal recommendation to vancomycin and fidaxomicin as 
initial therapy.1 However, based on data from additional clinical 
trials, the 2021 focused update recommends fidaxomicin over 
vancomycin for initial therapy, but notes that vancomycin is 
an acceptable alternative if fidaxomicin is not possible. The 
primary driving force behind this recommendation is that, 
while fidaxomicin and vancomycin demonstrate similar initial 
cure rates, fidaxomicin is associated with a lower incidence 
of rCDI.7 Of note, the treatment recommendation for initial 
therapy is the same for non-severe and severe infections, with 
the exception that metronidazole cannot be used at all for severe 
infections. Fulminant CDIs require the use of high-dose (500 
mg) oral vancomycin in combination with intravenous metro-
nidazole. In patients with ileus, strong consideration should 
be given to the addition of rectally administered vancomycin, 
if possible.1

Bezlotoxumab was not addressed in the 2017 IDSA/SHEA 
guidelines as it had not yet been brought to market during the 
development of the guidelines, but it was addressed in the 2021 
focused update. These guidelines recommend the use of bezlo-
toxumab along with standard-of-care antibiotics for patients 
with rCDI within 6 months of a prior CDI. However, the guide-
lines also note that the use of bezlotoxumab may not be feasible 
in many situations due to factors such as cost and requirement 
for intravenous administration. However, in situations where 
these are not a concern, bezlotoxumab is a reasonable therapy 
for initial CDI episodes if the patient has risk factors for rCDI, 
such as age 65 years or older, immunosuppression, or severe 
CDI at presentation.7 

Treatment of CDI Recurrences
The recommendations for the treatment of rCDIs were 
updated by the 2021 focused update from the 2017 guide-

lines. The current recommendations can be seen in TABLE 5.1,7 
Similar to the treatment for an initial infection, the preferred 
option for the treatment of a first recurrence is fidaxomicin, 
again due to the lower risk of subsequent recurrences. If use 
of fidaxomicin is not possible, a standard course of vanco-
mycin or vancomycin dosed as a pulsed or tapered regimen 
are reasonable alternatives. In patients who have had more 
than one recurrence, possible options for treatment include 
fidaxomicin, vancomycin as a pulsed or tapered dose regimen, 
vancomycin followed by rifaximin, or FMT. However, the 
guidelines do not rank these options, so the choice of what 
to use is largely a clinical one based on patient-specific 
factors as well as the pharmacotherapy regimen used to treat 
previous infections. For example, if a patient was treated with 
a pulsed/tapered vancomycin regimen for a first recurrence, 
but then has a second recurrence, a different regimen, such 
as fidaxomicin, should likely be used. The guidelines do note 
that, because of the more invasive nature of FMT, it should 
generally be reserved for patients who have been treated 
for a total of 3 CDIs, an initial episode and 2 recurrences. 
Additionally, bezlotoxumab can be used as an adjunctive 
therapy for any recurrence, particularly if it occurred within 
6 months from a prior episode, and can be administered at 
any point during therapy with standard-of-care antibiotics. 
Lastly, it is important to note that metronidazole has no role 
in the treatment of rCDI.7

Prevention of CDI
The primary means of preventing CDI is through appropriate 
antimicrobial stewardship. Specifically, restricting the use of 
antimicrobials likely to induce CDI has been proven to be an 
effective measure.1 An example of this would be reducing the 
use of the fluoroquinolones within a health system. Another 
option to decrease the spread of CDI, as mentioned previ-
ously, is the use of soap and water over alcohol-based hand 
sanitizers when caring for patients with CDI. Additionally, 
personal protective equipment, such as gowns and gloves, 
should be worn at all times when caring for patients with CDI. 
An often-purported means to prevent, as well as treat, CDI is 
by administering probiotics as a means to replenishing the 
GI microbiome. However, the 2018 CDI treatment guidelines 
recommend against the use of probiotics outside of clinical 
trials. Some small studies have shown promise for the use of 
probiotics, but these results have not been validated in larger 
trials. Further, probiotics can rarely cause infections in some 
patients, such as severely immunocompromised patients. As 
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such there is not enough evidence to recommend probiotics 
at this time. Secondary prophylaxis in patients who require 
antimicrobial therapy shortly after the end of treatment for 
CDI can be considered to prevent a subsequent infection. 
However, there are few data to support the effectiveness of 
secondary prophylaxis, and it is not currently recommended 
by the IDSA/SHEA guidelines due to insufficient evidence. 
If clinicians deem that secondary prophylaxis is warranted, 

low-dose vancomycin (125 mg/day) or fidaxomicin (200 mg/
day) can be considered.1 

Emerging Treatments to Prevent 
Recurrence
Because of the extremely high efficacy of FMTs, there is 
much interest in the development of microbiota-based thera-
pies, which have an advantage of being antibiotic-sparing. A 
number of different microbiota-based therapies are in various 
stages of development, including RBX2660, SER-109, 
CP101, and VE303. Additionally, a new narrow-spectrum 
antibiotic, ridinilazole, is also under development. These 
therapies will be discussed further in the following sections. 

RBX2660
RBX2660 is a standardized, broad-spectrum microbiota 
suspension that is administered directly to the intestinal 
tract as an enema.29 The microbes are taken from the gut of 
healthy individuals and used to reestablish a healthy micro-
biome to eradicate the CDI.30 RBX2660 has been granted 
Fast Track, Orphan, and Breakthrough Therapy designa-
tions from the FDA. Results from an open-label phase 2 trial 
demonstrated that 79% of the study population did not expe-
rience CDI diarrhea at 8 weeks compared with 31% of the 
historical control group, and no serious AEs were reported. 
A randomized, double-blind, multicenter, placebo-controlled 
phase 3 trial (PUNCH CD3) is ongoing and will assess 
rCDI at 8 weeks after treatment in patients who have had at 
least 2 CDI episodes.31 

SER-109
SER-109 is an orally administered microbiome designed for 
the prevention of rCDIs in patients who have experienced 
multiple recurrent infections.32 It comprises a biologically 
sourced group of bacterial spores of different Firmicutes 
species and is manufactured by fractionating the bacte-
rial spores from the stool of healthy donors, then inacti-
vating potential pathogenic organisms. SER-109 has been 
granted Orphan Drug and Breakthrough Therapy desig-
nations by the FDA.33

Phase 1 and phase 2 trials have yielded positive results. 
The phase 3 ECOSPOR III trial is a multicenter, randomized, 
double-blind, placebo-controlled, parallel-group study that 
examined the safety, tolerability, and efficacy of SER-109 versus 
placebo in patients with a history of 3 or more CDI episodes 
in 9 months. A total of 182 participants were enrolled and 

TABLE 5. TREATMENT OF RECURRENT CDIs FROM THE IDSA/
SHEA GUIDELINES1,7

Recurrence Recommended 
treatment

Comments

First 
recurrence

Preferred:
•  Fidaxomicin 200 mg 

orally twice daily for 
10 days

•  Can also give twice 
daily for 5 days 
followed by once 
every other day for 
20 days

Alternatives: 
•  Vancomycin 125 mg 

orally 4 times daily 
for 10 days

- Can consider if 
metronidazole was 
used as initial therapy
•  Tapered/pulsed 

vancomycin regimen

Adjunctive treatment:
•  Bezlotoxumab 10 

mg/kg intravenously 
once

Example of a 
tapered/pulsed 
vancomycin regimen
•  Vancomycin 125 mg 

orally 4 times daily 
for 10-14 days, then 
125 mg twice daily 
for 7 days, then 
daily for 7 days, 
then once every 2-3 
days for 2-8 weeks

Second or 
subsequent 
recurrence

Options:
•  Fidaxomicin 200 mg 

orally twice daily for 
10 days 

•  Tapered/pulsed 
vancomycin

•  Vancomycin 125 mg 
orally 4 times daily 
for 10 days, followed 
by rifaximin 400 mg 
orally 3 times daily 
for 20 days 

•  Fecal microbiota 
transplantation

The guidelines do 
not give an order of 
preference for the 
different possible 
treatment options. 

Antimicrobial 
treatment should be 
attempted for a total 
of 3 CDI episodes 
(1 initial episode 
and 2 recurrences) 
before attempting 
fecal microbiota 
transplantation.

CDI, Clostridioides difficile infection; IDSA, Infectious Diseases Society of 
America; SHEA, Society for Healthcare Epidemiology of America.
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randomized 1:1 to receive SER-109 or placebo after treatment 
with either vancomycin or fidaxomicin. Results demonstrated 
that SER-109 was associated with significantly less recurrence 
(12%) compared with placebo (40%; P <.001). It was also well-
tolerated, with GI AEs being reported most commonly, which 
were similar to placebo.33,34 

CP101
CP101 is an oral microbiome drug granted Fast Track and 
Breakthrough Therapy designation by the FDA. The phase 
2 trial PRISM3 is a multicenter, randomized, double-blind, 
placebo-controlled trial that is currently ongoing. Prelimi-
nary results have been released, with 74.5% of patients who 
received CP101 plus antibiotics for CDI not experiencing 
rCDI within 8 weeks of administration, compared with 61.5% 
of patients in the control group who received antibiotics 
alone (P <.05). Additionally, CP101 was well-tolerated and 
no serious AEs were reported.35

VE303
VE303 is an orally administered microbiome product 
consisting of 8 types of normal human commensal bacteria 
used to provide colonization resistance to C difficile. It is 
produced from pure, clonal bacterial cell banks, and therefore 
does not require use of direct fecal donor material. The manu-
facturer reports that a phase 2 trial met the primary end point 
of preventing rCDI at 8 weeks after administration. A phase 3 
trial is scheduled to begin recruitment in 2022.36 

Ridinilazole 
Ridinilazole is a new antibiotic drug with a unique mecha-
nism of action to selectively destroy C difficile by interfering 
with cell division, resulting in rapid bactericidal activity.37 

Because of its specificity for C difficile, it preserves the 
normal GI microbiome, which theoretically could lead to a 
lower incidence of rCDI. Additionally, like fidaxomicin, it is 
active against toxins A and B, and is excreted as unchanged 
drug in the feces, resulting in high fecal concentrations and 
minimal systemic absorption, which should decrease the risk 
of AEs from the drug.38 Ridinilazole is designated as a Quali-
fied Infectious Disease Product (QIDP) and has been given 
Fast Track designation by the FDA.39 One phase 2 trial found 
that ridinilazole demonstrated a significantly higher response 
compared with vancomycin (P = .004) and was well-toler-
ated.40 The manufacturer has released topline results of the 
phase 3 trial, Ri-CoDIFy, that compared ridinilazole with 

vancomycin. This study found that patients treated with 
ridinilazole experienced significantly fewer rCDIs compared 
with patients receiving vancomycin (P = .0002). However, 
ridinilazole did not meet the primary end point for superiority 
against vancomycin. The company plans to perform further 
analyses of the drug in the future.41,42 

Role of the Pharmacist
Pharmacists play an essential role in both the prevention 
and management of CDIs and rCDIs. Appropriate antimicro-
bial stewardship is essential to decreasing the risk of CDIs 
occurring at all, and pharmacist involvement in antimicro-
bial stewardship programs has been shown to reduce CDI 
rates in hospitals.43 Most CDI episodes occur subsequent to a 
course of antibiotics. Pharmacists can function as antimicro-
bial stewards to promote the use of narrow-spectrum agents 
when possible and reserve the use of agents with a high 
likelihood of inducing a CDI, such as the fluoroquinolones 
and higher-generation cephalosporins, for situations when a 
broad-spectrum agent is required. When CDIs do occur, phar-
macists are vital to providing appropriate pharmacotherapy 
to not only cure the episode, but prevent rCDIs. Pharmacists 
can help promote adherence to the clinical practice guide-
lines for CDI treatment. For example, when functioning as 
part of the interdisciplinary team, pharmacists can discourage 
the use of metronidazole, a historical treatment of CDI that 
many practitioners may be familiar with but that is associ-
ated with a higher incidence of rCDIs, and promote the use 
of fidaxomicin or vancomycin, both of which are associated 
with fewer rCDIs compared with metronidazole. Further, 
patients with multiple rCDIs may require more complex 
pharmacologic treatment regimens, or may be candidates for 
FMT, and pharmacists can help assess the most appropriate 
therapy for individual patients. Importantly, pharmacists are 
in the unique position to provide education to other health 
care providers on the updated clinical practice guidelines 
and can educate providers on the importance of following 
this guidance when appropriate. Not all clinicians may be 
familiar with both the IDSA/SHEA 2017 and 2021 clinical 
practice guidelines, and pharmacists can provide education 
on the differences between the guidelines and explain the key 
reasons why the 2021 focused update was released. Addition-
ally, pharmacists may play a practical approach in assisting 
with medications. For example, fidaxomicin, though now 
recommended as a first-line option, is currently a brand-
only drug and thus more expensive compared with other oral 
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therapies. Pharmacists can play an important role in helping 
with prior authorizations, if required. In hospitalized patients, 
this can happen before discharge so that the patient will not 
experience an interruption in therapy while awaiting prior 
authorization approval.

Patient education is essential to the appropriate treatment 
of CDIs, and pharmacists are well-positioned to provide this 
education. Pharmacists can and should counsel patients to be 
compliant with their full course of antibiotic therapy when 
treating a CDI episode. If patients do not finish their course, their 
current episode may not be fully treated and they may experi-
ence a relapse of the current infection, or experience an rCDI 
in the future. Pharmacists can help explain the importance of 
completing the course of therapy to patients and can also advise 
on potential AEs of therapy. Additionally, pharmacists can help 
monitor patients undergoing CDI treatment and can advise when 
a patient may need to change treatments due to ineffectiveness 
or intolerability. Appropriate counseling on medication AEs is 
essential for patients, and although the medications used to treat 
CDI are well-tolerated, patients should still be advised of poten-
tial AEs. For example, both metronidazole and vancomycin are 
associated with GI effects, such as nausea and vomiting, and 
patients should be aware that they should not stop taking the 
medications even if they experience these effects. Metronida-
zole is also associated with the development of neuropathy. 
Bezlotoxumab, while generally well-tolerated, can worsen heart 
failure in those already diagnosed, and the benefits of use must 
outweigh the risks in those with heart failure; pharmacists can 
help determine if bezlotoxumab is appropriate for patients. 
Counseling should also be provided on the risks of rCDIs and 
the signs and symptoms to monitor for after completing therapy 
for a CDI episode. Finally, pharmacists can play an important 
role in educating both patients and other health care providers 
on measures to prevent C difficile transmission, such as the 
importance of washing hands as opposed to using alcohol-
based hand sanitizers after contact with a patient experiencing 
a CDI. 

Conclusion
CDIs, and particularly rCDIs, remain a significant burden 
to the US health care system. New treatment options have 
emerged over the past several years, resulting in updates to 
the clinical practice guidelines for the management of CDIs. 
These new guidelines give preference to fidaxomicin as the 
first-line option for both primary CDI and first recurrences, 
as it is associated with a lower risk of rCDIs. FMT is a highly 
effective option for patients who have had at least 3 total 
CDI episodes. Because of the success associated with FMT 
and restoring the normal GI microbiome as a mechanism to 
prevent rCDIs, several treatments in the therapeutic pipe-
line aim to restore the GI microbiome. Pharmacists are in 
a unique position to help prevent CDIs through appropriate 
antimicrobial stewardship and decreasing the use of broad-
spectrum antibiotics known to induce CDI, and manage 
CDIs through their expertise in pharmacotherapy. Phar-
macists can provide education to patients about ways to 
prevent CDI, and also provide education to other health care 
professionals about the most up-to-date evidence on how to 
manage CDIs. 
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POSTTEST QUESTIONS

1. The Centers for Disease Control and Prevention 
compiles certain bacterial pathogens into different 
categories based on the level of concern to overall 
human health. Clostridioides difficile is associated 
with serious risks and has the potential to become 
widespread, and therefore requires immediate public 
health attention. To which CDC category does  
C difficile belong?
A. Urgent
B. Serious
C. Critical
D. Concerning

2. Approximately how many patients who experience a 
primary C difficile infection (CDI) will go on to develop 
at least 1 recurrence?
A. <10%
B. 25%
C. 40%
D. 60%

3. Which of the following antibiotics would be associated 
with the highest risk of the development of CDI? 
A. Clarithromycin
B. Trimethoprim/sulfamethoxazole
C. Metronidazole
D. Moxifloxacin

4. The most common and well-known symptom of CDI 
is profuse, watery diarrhea. The 2017 clinical practice 
guidelines for the management of CDI suggest that 
there should be a minimum number of diarrhea 
episodes in a 24-hour period to consider a diagnosis of 
CDI. What is this minimum number?
A. 3
B. 5
C. 7
D. 10

5. Which patient would be at highest risk for the 
development of CDI?
A. A 46-year-old man with a history of bipolar disorder
B. A 53-year-old woman who takes famotidine as needed 

for gastroesophageal reflux disease
C. An 18-year-old man with seasonal allergies
D. A 70-year-old woman with heart failure and diabetes

6. Which drug is considered to be the preferred first-
line therapy according to the 2017 IDSA guidelines for 
treatment in an adult patient with a first episode of 
CDI?
A. Metronidazole
B. Fidaxomicin
C. Vancomycin
D. Bezlotoxumab

7. A 68-year-old woman was just diagnosed with her 
fourth recurrence of CDI over the past 18 months. She 
was initially treated with vancomycin for her primary 
episode, then fidaxomicin, pulsed/tapered vancomycin, 
and vancomycin plus rifaximin for her first through 
third recurrences, respectively. Based on the current 
guidelines, what would be the best therapy for her?
A. Fecal microbiota transplantation
B. Vancomycin in a tapered or pulsed regimen
C. Fidaxomicin
D. Vancomycin plus rifaximin

8. A 72-year-old man is undergoing treatment with 
fidaxomicin for recurrent CDI. His first episode 
occurred 4 months ago. Which method can be used to 
prevent future recurrences in this patient?
A. Initiate vancomycin in conjunction with the fidaxomicin.
B. Recommend initiating fecal microbiota transplantation. 
C. Initiate bezlotoxumab in conjunction with fidaxomicin. 
D. Recommend vancomycin instead of fidaxomicin. 

9. Which strategy is an antimicrobial stewardship 
intervention that pharmacists can perform as a means 
of decreasing the incidence of CDI?
A. Reserve the use of fluoroquinolones for situations 

when another antibiotic cannot be used.
B. Promote the use of metronidazole as the preferred 

therapy for primary CDI.
C. Encourage other health care providers to always 

use alcohol-based hand sanitizers after examining a 
patient with CDI.

D. Counsel patients to stop the antibiotic being used to 
treat their CDI episode once diarrhea has resolved 
to decrease the risk of developing antimicrobial 
resistance.
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POSTTEST QUESTIONS (continued)

10. A pharmacist is presenting a Grand Rounds 
presentation about prevention and treatment of CDIs 
to a group of internal medicine residents. Which of the 
following is the most accurate educational point about 
prevention of CDIs?
A. Patients on antimicrobial therapy should be advised to 

take a daily probiotic for CDI prevention.
B. After caring for a patient with CDI, soap and water, 

rather than alcohol-based hand sanitizers, should be 
used for hand cleaning.

C. Clindamycin, rather than trimethoprim/
sulfamethoxazole, should be used as a first-line option 
for the treatment of skin and soft tissue infections.

D. Metronidazole should be used as a first-line treatment 
for a patient with an initial CDI because it has been 
associated with a lower risk of recurrent infections 
compared to other pharmacologic options.
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Emerging Therapies

EDUCATIONAL OBJECTIVES

At the completion of this activity, the participant will be able to:
• Explain the underlying pathophysiological mechanisms and presentation of hypertrophic 

cardiomyopathy (HCM) along with comorbidities that may place patients at risk 
for disease progression

• Analyze the mechanism of action and clinical data for recently approved and emerging 
therapies for HCM as well as patient populations eligible for treatment with novel agents

• Identify opportunities for pharmacists within health systems to facilitate access to medications 
and support patients with HCM in the initiation of therapy, monitoring of adverse effects, and 
adherence management
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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 0290-0000-22-435-H01-P. The activity is available for CE credit through October 1, 2023.

Introduction
Since hypertrophic cardiomyopathy 
(HCM) was identified, intensive study 
has led to progressively greater under-
standing of its etiology and spectrum of 
disease. Until recently, goals of treatment 
have been limited to minimizing symp-
toms and complications, but over the past 
decade, significant advancements from 
translational research have led to exciting 
therapeutics that target the underlying 
disease pathophysiology. The underlying 
causes of HCM will be examined, current 
and emerging therapies will be high-
lighted, and key opportunities for phar-
macist involvement in the management 
of patients with HCM will be discussed. 

STAR*

How does HCM differ from other 
forms of cardiomyopathy?

*S = Stop; T = Think; A = Assess; R = Review

Hypertrophic 
Cardiomyopathy Overview
Definition and Etiology
HCM is a progressive cardiac condition 
most commonly resulting from 1 or more 
inherited genetic mutations related to the 
myosin sarcomere protein structure that 
causes hyperactive myosin actin cross-
linking leading to enhanced myocardial 
contraction ultimately causing ventricular 
hypertrophy.1-3 By definition, it differs from 
other forms of left ventricular hypertrophy 
(LVH) that result from secondary causes 
such as hypertension or aortic stenosis, in 
that secondary causes are often absent.2 
LVH from secondary causes generally 
results in concentric or symmetric hyper-
trophy and tends to have more limited wall 
thickness enhancement, whereas HCM 
often results in asymmetric hypertrophy 
and the affected wall thickness is often 
significantly larger than LVH resulting 
from a secondary cause.2,4 Although clin-
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ical manifestations associated with HCM share similarities with 
other forms of cardiomyopathy, management can differ due to 
the underlying pathophysiology and hemodynamic effects. 

Genetic Mutations
Over 14 genes and more than 1400 mutations that encode 
portions of the myosin sarcomere have been identified that can 
lead to HCM.1,2,5 The majority of patients with HCM inherit 
a single autosomal dominant gene mutation, although some 
patients will inherit more than 1 mutation that may be associated 
with more severe forms of HCM.1,2 While approximately 60% 
of patients with HCM will express a genetic variant of known 
significance, some patients may display the HCM phenotype 
without a clear genetic cause.1-3 Conversely, some patients may 
be genotype positive but have yet to develop the HCM pheno-
type or clinical manifestations of the disease. These patients are 
at an elevated risk of developing clinical HCM throughout their 
lifetime and should be regularly evaluated for manifestations of 
the disease.2 While specific mutations lead to varied function-
ality of different portions of the sarcomere, ultimately, they all 

lead to development of hypertrophied myocytes, disorganized 
cellular structure, and interstitial fibrosis that causes ventricular 
hypercontractility and diastolic dysfunction.2 

Epidemiology
HCM is generally first identified in either very young patients or 
those in the mid-decades of life.6 Prior to 2000, the average age 
of diagnosis was 40 ± 14 years; however, in the past 20 years, the 
average age has increased to 51 ± 16 years.6 Previously, HCM was 
likely underreported due to varying definitions of the disease, the 
availability of genetic testing, and differences in genotype versus 
phenotype positivity. Past evidence estimated a prevalence of 
approximately 1:500 (0.16%-0.23%), but more recent data suggest 
it may be more than double those figures, with a prevalence rate 
closer to 1:200 (0.5%).3,7-9 Based on claims data analyzed by 
Maron et al in 2016, approximately 100,000 patients in the United 
States carried a diagnosis of HCM.10 While the question of true 
prevalence continues to be answered, it is clear the number of 
patients with HCM has increased over the past several decades. 

A stark increase of HCM diagnoses since 2000 has been 

FIGURE 1. ANATOMICAL CHANGES IN HYPERTROPHIC CARDIOMYOPATHY12
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observed. Before 2000, there were 35 diagnoses of HCM each 
year compared with 272 annually from 2000 to 2010, and 357 
per year after 2010.6 This trend likely stems from increased use 
of electrocardiography and echocardiography, and increased 
guideline concordant genetic testing of family members with 
known HCM over this time period. 

While HCM epidemiology and the disease course has been 
poorly characterized in the general patient population, this is 
especially true in minority populations. Eberly and colleagues 
reported that of over 2400 patients with known HCM in the 
United States between 1989 and 2018, only 8.3% were Black 
compared with 91.7% who were White.11 Black patients tended 
to be younger, with a higher prevalence of advanced heart failure 
(HF) at presentation, lower rates of sarcomere mutations with 
known significance, and overall lower rates of genetic testing. 
Of Black patients who did have genetic testing, they had higher 
rates of genetic variants of unknown significance. Black patients 
also receive lower rates of invasive treatment options shown 
to improve the clinical status compared with White patients.11 
These racial biases continue to be identified in the study of novel 
treatment options, and further study is sorely needed to address 
these health care disparities in patients with HCM.

Pathophysiology and Clinical Types of HCM
As previously discussed, HCM is characterized by asymmetric 
LVH and progressive fibrosis (FIGURE 112). The changes that 
occur as HCM advances ultimately lead to diastolic dysfunc-
tion causing initial hemodynamic changes such as an elevated 
LV end diastolic pressure from impaired relaxation, increased 
preload that can cause decreased coronary artery blood flow, 
and increased myocardial oxygen demand causing angina 
and dyspnea. Furthermore, as a result of asymmetric LVH, 
anatomical changes to the mitral valve, such as elongated valve 
leaflets, enlargement of valve leaflets, and papillary displace-
ment, can begin to limit blood flow through the LV outflow 
tract (LVOT), which is the area directly preceding the aortic 

valve (FIGURE 112).2 These mitral valve changes combined 
with the hypertrophy itself allow the leaflets to come in closer 
proximity to or in contact with the septal wall during systole, 
leading to obstruction of blood flow from the LV through the 
LVOT.2 The severity of LVOT obstruction is evaluated noninva-
sively through echocardiography by measuring the blood flow 
velocity through the LVOT to calculate an LVOT gradient both 
at rest and during provocation with either exercise or pharmaco-
logic intervention.4,13 

Approximately 25% to 30% of patients with HCM have nonob-
structive disease, where the peak LVOT gradient is less than 30 
mm Hg at baseline and during provocation.2,4,14 The majority of 
patients will develop obstructive HCM (oHCM). Two forms of 
oHCM exist and can be differentiated based on an elevated LVOT 
gradient at rest (basal obstructive: resting gradient >30 mm Hg) 
or only upon provocation (labile obstructive: resting gradient <30 
mm Hg but increases to >30 mm Hg during provocation).2 

Stages of HCM can be described based on several anatomical 
and clinical features displayed by a patient (TABLE 11,2,4). Some 
patients, especially younger patients, may have a genetic variant 
of known significance, but have yet to develop any clinical 
manifestations or anatomical features of HCM. These patients 
should be followed regularly for routine clinical assessment 
and monitoring according to the guideline recommendations 
discussed below.4 In contrast, patients with advanced HCM can 
develop progressive adverse LV remodeling, causing signifi-
cant reduction in LV ejection fraction (EF) leading to HF with 
reduced EF in the late stages of the disease.2 These patients with 
advanced disease tend to have an overall poor prognosis, with a 
reported mortality rate of 11% per year.15

Diagnosis and Presentation
HCM is diagnosed by the presence of a thickened LV wall, 
typically more than 15 mm, measured by either echocardio-
gram or cardiac magnetic resonance imaging in the absence of 
other causes for LVH.2,4,16 Patients with LVH from secondary 

TABLE 1. STAGING AND CLINICAL CHARACTERISTICS OF HYPERTROPHIC CARDIOMYOPATHY1,2,4 

Stage Genetic mutation Symptoms LGE LVEF LVOT obstruction

1 (subclinical) Present Absent N/A Normal N/A

2 (classic) Present Present <5% fibrosis >65% 70% of patients 
with obstruction at 
rest or on provocationa

3 
(adverse remodeling)

Present Present 10%-15% 
fibrosis

50%-65%

4 (overt dysfunction) Present Severe >25% fibrosis <50% May be absent

LGE, late gadolinium enhancement; LVEF, left ventricular ejection fraction; LVOT, left ventricular outflow tract.
aThrough Valsalva maneuver.
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causes often display a concentric hypertrophy and the wall 
thickness is routinely less than 20 mm, whereas those with 
HCM will typically have asymmetrical LVH, most commonly 
along the interventricular septum, that is thicker than LVH 
seen from a secondary cause (FIGURE 112).2,12,16 When cardiac 
magnetic resonance imaging is used, gadolinium (a contrast 
agent), distributes into the tissue and improves the clarity and 
accuracy of images obtained.17 Due to the fibrotic changes that 
occur in the areas of hypertrophy associated with HCM, late 
gadolinium enhancement (LGE) of myocardial tissue, due to 
slower distribution of gadolinium, can assist with determining 
the overall quantity of fibrosis in comparison with the mass of 
the LV. The degree of LGE can provide prognostic information 
related to disease progression and development of complica-
tions over time (TABLE 11,2,4).17 

HCM carries a wide spectrum of symptoms and symptom 
severity, ranging from completely asymptomatic to severe 
limiting symptoms of HF requiring invasive management strate-
gies. Classic manifestations of HCM resemble those of patients 
with HF such as dyspnea on exertion, fatigue, presyncope or 
syncope, angina, and/or palpitations.1,2,16 Nocturnal dyspnea and 
orthopnea are less likely to be observed in patients with HCM 
unless the disease has progressed to advanced stages and LVEF 
is lower than normal (TABLE 11,2,4).2,16 Similar to patients with 
HF, patients with HCM should have their symptoms objectively 
assessed based on the New York Heart Association (NYHA) 
classification system to determine their functional capacity.

Screening and Genetic Testing
In patients with a known pathogenic or those likely to have a 
pathogenic genetic variant but are otherwise phenotype nega-
tive, regular clinic assessment should be performed to identify 
the development of symptoms. Periodic electrocardiogram 
and echocardiography should be performed every 3 to 5 years 
in adults or every 1 to 3 years in children and adolescents.4 

In patients with suspected HCM or those with a family history 
of HCM, downstream genetic testing for known pathologic or 
likely pathogenic variants should be performed. If a known or 
likely pathogenetic variant is identified, first-degree relatives 
should be genetically screened for the presence of genetic vari-
ants associated with HCM. If a known pathogenic or likely 
pathogenic variant is identified, those individuals should adhere 
to the screening recommendations as described above.

Prognosis 
The prognosis for patients with HCM is highly variable and 

based on a range of factors. Overall, patients with HCM 
treated according to current recommendations can expect a 
mostly normal quality of life without a significant reduction 
in life expectancy.4 Investigation into variables associated with 
changes in prognosis continues; however, a subset of patients 
diagnosed with HCM have been identified to be at heightened 
risk of complications. Some research has suggested patients 
with more than 1 genetic variant may have more severe forms 
of HCM, lower survival, and higher rates of sudden cardiac 
death (SCD).18 Additionally, patients with pathogenic or likely 
pathogenic mutations may have double the risk of developing 
adverse cardiac events such as arrhythmias or overt symptoms 
of HF.19 Younger patients diagnosed with HCM may also be at 
an elevated risk of complications such as arrhythmia and sudden 
cardiac death compared with patients who are diagnosed later 
in life.3,20 Lastly, patients with severe coronary artery disease 
(CAD) and HCM have upwards of a 40% higher risk of cardiac 
death compared with those without CAD.21 Treatment of CAD 
should be managed according to current recommendations, 
although it is unknown whether this modifies the risk of death 
specifically in patients with HCM. All patients with HCM 
should adhere to a heart-healthy diet to maintain or achieve a 
healthy weight, as obesity can contribute to the development 
of HCM symptoms and LVOT obstruction.4 Most patients with 
HCM should participate in mild-moderate intensity exercise 
to improve functional status and overall well-being, although 
more intensive activity may be associated with adverse cardiac 
events and should only be undertaken after careful risk-benefit 
evaluation with their HCM provider.4,22

STAR

Which pharmacologic treatments are FDA approved and 
which therapies are in the pipeline that address potential 
unmet needs for the treatment of HCM? 

Treatment Strategies: Current Approaches 
and Emerging Agents
Nonpharmacologic Treatment of HCM
Implantable Cardioverter-Defibrillator for SCD Prevention

Screening patients for SCD risk factors at the time of HCM 
diagnosis and routinely every 1 to 2 years is a pivotal step in 
preventing morbidity and mortality. Major risk factors for SCD 
include a personal history of cardiac arrest or sustained ventric-
ular arrhythmia, personal history of cardiac-related syncope, 
family history of HCM-related SCD, cardiac arrest or sustained 
ventricular arrhythmia, LV wall thickness of more than 30 



80 PHARMACYTIMES.ORG
NOVEMBER  2022

mm, an LVEF of less than 50%, or an LV apical aneurysm.4 In 
patients with at least 1 of these high-risk features, an implant-
able cardioverter-defibrillator (ICD) is recommended according 
to current guidelines. For patients who do not otherwise meet 
the above criteria but are still felt to be high risk according to 
shared decision making, LGE of greater than or equal to 15% 
may be used to further guide the risk-benefit determination for 
an ICD.4 While various ICD devices are available, the deci-
sion for each type is beyond the scope of this activity, but more 
detailed information can be found in section 7.3 of the current 
American Heart Association/American College of Cardiology 
Guideline for Hypertrophic Cardiomyopathy.4

Surgical Intervention
Invasive septal reduction therapies (SRTs) are reserved for 
patients with oHCM who remain symptomatic despite the use 
of first-line pharmacologic treatment options and have either 
resting or provoked LVOT gradient greater than or equal to 50 
mm Hg.4 Septal myectomy, where a portion of the obstructing 
myocardium is excised, has been shown to significantly reduce 
symptoms of oHCM. This form of SRT is the most inva-
sive intervention and may be preferred in patients who have 
a concomitant indication for cardiac surgery such as aortic 
stenosis or multivessel CAD.23,24 Alternatively, alcohol septal 
ablation can be used for those patients with contraindications 
to surgery. Alcohol septal ablation requires the insertion of a 
catheter into the coronary artery supplying blood to the area of 
hypertrophy.23,24 Once the catheter is delivered to the appropriate 
artery, ethanol is injected, which results in a localized area of 
infarction. Although there is some acute improvement in LVOT 
gradient, complete cardiac remodeling can take several weeks 
before definitive LVOT gradient improvement is complete. 
While some limited literature suggests a possible mortality 
benefit from SRT interventions, they are not recommended 
for purely survival benefit and remain indicated only in those 
patients with treatment-refractory, symptomatic oHCM.4,24

Current Pharmacologic Options for Treatment of HCM
β-blockers

β-blockers have historically been the first-line treatment option 
for patients with dyspnea or angina due to HCM.4,14 β-blockers 
exert their effects by reducing heart rate and increasing relax-
ation time during diastole, which reduces LV filling pressure 
and decreases myocardial oxygen requirements. They have also 
been shown to mildly reduce LVOT gradients in patients with 
oHCM.25,26 As excessive arterial dilation can effectively worsen 

LVOT obstruction, β-blockers that have higher selectivity for 
β-1 blockade and do not impart additional α-1 antagonism are 
preferred in most patients (TABLE 24,27-30 ).31 In both nonobstruc-
tive and oHCM, β-blockers carry a class 1 recommendation, 
but most evidence comes from small observational studies.4,25,26 
Similar to patients treated with β-blockers for other forms of 
cardiomyopathy, low doses should be used initially and slowly 
titrated over several weeks to prevent acute decompensa-
tion and hypotension, which can be a medical emergency in 
patients with oHCM.4

Calcium channel blockers

Calcium channel blockers (CCBs) are a suitable alterna-
tive to β-blockers in patients with HCM (TABLE 24,27-30).4,14 
Similar caution should be implemented in the choice of CCB 
therapies to prevent excessive vasodilation; thus, non-dihy-
dropyridine (DHP) CCBs,  such as diltiazem and verapamil, 
are preferred over DHP CCBs.4,14,26,31 As non-DHP CCBs still 
carry negative inotropic effects and at higher doses can exert 
vasodilating properties, clinicians should carefully monitor 
patients for worsening obstructive symptoms as therapy is 
initiated and titrated, particularly in those with known oHCM. 
Again, similar to β-blocker therapy, low doses should be 
used for initiation and slowly titrated until patients achieve 
an improvement in their symptoms. The use of combined 
β-blocker and non-DHP CCB therapy may be necessary in 
some carefully selected patients but should generally be 
avoided as first-line treatment in patients with oHCM due to 
potential for synergistic vasodilation and the increased risk of 
clinically relevant bradycardia and atrioventricular blockade. 
In patients with more severe LVOT gradients (ie, >80 mm 
Hg) or those with more severe symptoms related to oHCM, 
verapamil has resulted in serious adverse effects (AEs), 
including death; thus, alternative therapies are preferred.4,32

Additional Therapies 

Disopyramide can significantly improve symptoms related 
to oHCM by reducing contractility and myocardial oxygen 
demand.27,31,33 Current guidelines recommend its use in patients 
with oHCM who remain symptomatic despite maximal therapy 
with either β-blockers or non-DHP CCB therapy, although 
these patients are also likely to be candidates for invasive SRT 
approaches, which may lead to longer-term improvements.4 
Disopyramide also remains a viable option for patients who 
elect not to proceed with or are not candidates for SRT. Although 
disopyramide decreases myocardial excitability and ventricular 
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conduction, it can enhance atrioventricular node conduction.4,27 
This can pose a hazard in patients at risk of developing or with 
known atrial fibrillation who are unable to maintain treatment 
with a rate-controlling pharmacologic agent. Additionally, diso-
pyramide is a major substrate of the CYP3A4 system and is 

renally cleared. Potential drug-drug interactions (DDIs) and renal 
dysfunction may require dose adjustment or discontinuation to 
prevent drug accumulation that can lead to the development of 
systolic dysfunction and acute decompensation. Disopyramide 
commonly causes anticholinergic AEs, occurring in 20% to 67% 

TABLE 2. PHARMACOLOGIC TREATMENT OPTIONS FOR HCM4,27-30 

Pharmacologic class COR Role in HCM Comments

Symptomatic nonobstructive HCM with preserved LVEF

β-blockers 1 Reduces heart rate, improves 
diastolic dysfunction, reduction 
in LV filling pressure, reduction in 
myocardial oxygen consumption

• Titrate to dose providing effec-
tive symptom reduction

• Monitor for AV block and bradycardia 
Non-DHP CCB 1

Loop diuretics 2a Reduces preload and symptoms 
of dyspnea and edema

Use minimal effective dose to prevent 
volume depletion and hypotension, which 
may precipitate obstruction

Obstructive HCM with preserved LVEF

β-blockers 1 Reduces heart rate, improves 
diastolic function, reduction in LV 
filling pressure, reduction in myocar-
dial oxygen consumption

• β-blockers are the 
preferred first-line therapy 

• Use non-vasodilating β-blockers 
(metoprolol, bisoprolol, nadolol, 
propranolol, atenolol)

Non-DHP CCB 1 • Combination use with β-blockers is not 
supported by evidence.

• In cases of severe symptoms (dyspnea 
at rest, hypotension, or high resting 
gradients) verapamil may be harmful 
(class 3 recommendation: harm).

Disopyramide 1 Reduces myocardial conduc-
tion and contractility, thereby 
improving diastolic dysfunc-
tion-related symptoms

• If anticholinergic symptoms limit use 
of disopyramide, pyridostigmine may 
reduce severity of adverse effects

• Requires renal dose adjustment
• Review for potentially serious DDIs 

Loop diuretics 2b Only to be used in patients who 
remain refractory to first-line treat-
ment options and have persistent 
symptoms of volume overload

Decreased preload from higher than 
required dosing may exacerbate LVOT 
obstruction, leading to critical hypotension

Recently approved and potential therapies for obstructive HCM

Mavacamten
FDA approved  
April 2022

Not yet 
included in 
current  
guidelines

Cardiac myosin inhibitor that 
reduces contractility, improves 
diastolic function, and reduces 
myocardial oxygen demand

• Currently approved for oHCM only
• Indicated in patients 

with class 2-3 symptoms
• REMS requirements for 

prescribing and dispensing

Aficamten (CK-274)
Currently in  
a phase 2 and 3 study

Breakthrough 
therapy 
designation  
(pre-approval)

Second-generation cardiac myosin 
inhibitor that reduces contractility, 
improves diastolic function, and 
reduces myocardial oxygen demand

• Shorter half-life
• Potentially fewer DDIs from reduced 

CYP enzyme metabolism
• Ongoing studies include:

° SEQUOIA-HCM
° REDWOOD-HCM

AV, atrioventricular; CCB, calcium channel blocker; COR, class of recommendation; DDI, drug-drug interaction; DHP, dihydropyridine; HCM, hypertrophic cardio-

myopathy; LV, left ventricle; LVEF, left ventricular ejection fraction; LVOT, left ventricular outflow tract; oHCM, obstructive hypertrophic cardiomyopathy; REMS, 

Risk Evaluation and Mitigation Strategy.
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of patients who receive it. The addition of pyridostigmine may 
reduce the occurrence and severity of these symptoms without 
affecting the cardiac effects of disopyramide.34

Patients with HCM, particularly those with oHCM, are sensi-
tive to changes in both intravascular volume and venous and 
arterial tone. The use of diuretics may be required in patients 
with HCM for the management of symptoms; however, judi-
cious use should be employed to prevent the development of 
acute hypovolemia and hypotension, which may also lead to 
worsening LVOT obstruction.4,14,31

While angiotensin-converting enzyme inhibitors and angio-
tensin 2 receptor blockers have established safety and efficacy 
in patients with HF with reduced EF, including those with stage 
4 HCM, their effects have not been well studied in patients 
with earlier stages of HCM. These vasodilating therapies, as 
well as hydralazine and DHP-CCBs may be used cautiously 
in patients with nonobstructive HCM to manage concomitant 
hypertension or other indications, but these agents pose risks in 
patients who develop oHCM.4,14,31 Digoxin is another common 
cardiac medication used in patients with atrial fibrillation that 
warrants scrutiny in patients with HCM due to its positive 
inotropic effects, which can worsen symptoms of HCM.4 Clini-
cians, including pharmacists, should carefully review a patient’s 
baseline medication therapy at the time of HCM diagnosis and 
throughout their disease course for the possible withdrawal of 
these therapies to prevent acute decompensation and worsening 
of LVOT obstruction.4,14 

Recently Approved Therapy
Mavacamten (Camzyos)

Mavacamten was approved by the FDA in April 2022 to improve 
functional capacity and symptoms in adult patients with NYHA 
class II to III oHCM.35 Mavacamten is a first-generation, revers-
ible, selective allosteric inhibitor of cardiac myosin ATPase, 
which reduces the myosin actin cross-bridging during systole 
and diastole.35-37 Through this novel mechanism of action, mava-
camten reduces myocardial contraction and oxygen demand 
and improves relaxation during diastole.36,37 Mavacamten is 
primarily metabolized through CYP2C19 and CYP3A4 and has 
an extensive half-life of 6 to 9 days in most patients, but can 
reach up to 23 days.28,35 Inhibitors and inducers of these CYP 
pathways can lead to significant alterations in mavacamten drug 
concentrations.35 Additionally, mavacamten induces CYP3A4, 
CYP2C9, and CYP2C19 enzymes, and, as a result, may reduce 
serum plasma concentrations of drugs metabolized by these 
pathways. Mavacamten has not been studied in patients with 

moderate to severe renal dysfunction (estimated glomerular 
filtration rate <30 mL/min/1.73m2) or in those with hepatic 
dysfunction; thus, it should be used with extreme caution.35

In one of its initial phase 2 clinical trials, PIONEER-HCM, 
mavacamten was studied in an open-label manner in 21 patients 
with symptomatic oHCM.37 Eleven patients received treat-
ment with mavacamten to determine effects on LVOT gradient 
and evaluate pharmacokinetics at doses of 10 or 15 mg daily 
depending on weight (cohort A), while 10 patients received 
mavacamten at lower doses of 2 to 5 mg daily (cohort B) and 
were used to further analyze pharmacodynamic effects at lower 
doses. At baseline, patients in both treatment groups were 
required to discontinue CCB and disopyramide therapy 2 weeks 
before receiving mavacamten; patients in cohort A also had 
to discontinue β-blockers, whereas patients in cohort B were 
able to continue previously initiated β-blocker therapy. Over 
the 12-week study period, patients in both treatment groups 
displayed a significant reduction in the primary outcome of 
post-exercise LVOT gradient. The average change in LVOT 
gradient was -89.5 mm Hg (95% CI, -138.3 to -40.7) in cohort 
A, whereas the mean change in cohort B was -25.0 (95% CI, 
-47.1 to -3.0). Additional secondary end points such as resting 
LVOT gradient, NYHA classification, Kansas City Cardiomy-
opathy Questionnaire, and N-terminal pro b-type natriuretic 
peptide (NT-proBNP) levels were also shown to improve with 
treatment in both groups by week 12 of therapy.37

After the promising results observed in the PIONEER-
HCM trial, the phase 3, multicenter, double-blinded, placebo-
controlled study of mavacamten (EXPLORER-HCM) was 
conducted.29,38 More than 250 symptomatic adult patients with 
oHCM were enrolled. Patients were required to have NYHA 
class II to III symptoms, an initial LVEF of greater than or equal 
to 55%, and an LVOT gradient of at least 50 mm Hg after provo-
cation with Valsalva maneuver or exercise. Patients with a recent 
history of syncope or sustained ventricular tachycardia (within 
6 months), a QTc greater than 500 msec (based on Fridericia 
formula), or atrial fibrillation not on anticoagulation or were not 
receiving sufficient rate control were excluded. Additionally, 
patients who received SRT within 6 months of screening were 
also excluded. All patients were allowed to continue baseline 
β-blocker and/or CCB therapy but patients were not allowed 
to receive disopyramide concomitantly due to the potential for 
additive negative inotropic effects. Dosing of mavacamten was 
strictly regulated to prevent AEs.29,38 All patients were initi-
ated at a dose of 5 mg daily. An echocardiogram was required 
to ensure LVEF was maintained at or above 50% at weeks 4, 
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6, 12, 18, 22, 26, and 30 at the end of treatment. If the LVEF 
was greater than or equal to 50%, the drug concentration was 
less than 350 ng/mL, and the LVOT gradient after provocation 
remained greater than or equal to 30 mm Hg at weeks 8 and 14, 
the dose could be titrated from either 5 to 10 mg daily (week 8) 
or 10 to 15 mg daily (week 14). Additional safety assessment 
and clinical criteria were reviewed at weeks 4, 6, 8, 10, and 
14 for possible down-titration or temporary discontinuation. 
If drug concentrations were between 700 and 1000 ng/mL at 
these time points, the dose of mavacamten was decreased to the 
next available dosing tier. If patients were receiving a dose of 
2.5 mg daily and the drug concentration exceeded 700 ng/mL, 
they were switched to receive placebo. Temporary discontinua-
tion of mavacamten was required if mavacamten concentration 
exceeded 1000 ng/mL, the LVEF decreased to less than 50%, 
or the QTc was noted to increase by greater than or equal to 
15% or exceeded 520 msec (>550 if patients had a wide QRS 
complex of ≥120 msec). During temporary discontinuation, the 
study drug was stopped, and patients would return for assess-
ment 2 to 4 weeks after discontinuation. If criteria for temporary 
discontinuation resolved, patients were reinitiated on the study 
drug at the next lowest dose 2 to 4 weeks after reassessment. 
Simulated alerts were also created for those receiving placebo 
to maintain blinding throughout the study. The primary study 
outcome was a composite of peak oxygen consumption (pVO2) 
increase of greater than or equal to 1.5 mL/kg/min, which is 
used as an objective surrogate marker for exercise capacity, and 
at least 1 class reduction based on the NYHA scale. Alterna-
tively, patients could display a pVO2 improvement of greater 
than or equal to 3 mL/kg/min with no worsening in NYHA class 
to meet the primary end point.29,38

After screening, 123 patients were randomized to mavacamten 
and 128 patients to placebo. 29,38 At baseline, approximately 75% 
of patients in each group were treated with β-blocker therapy 
and 20% of patients in the mavacamten group were treated with 
CCB compared with 13% in the placebo group. The majority of 
patients in each group had NYHA class 2 symptoms at enroll-
ment (>70%). The mean LVOT gradient at rest was approxi-
mately 50 mm Hg and after Valsalva was approximately 73 mm 
Hg in each group. At the end of treatment completion, 37% of 
patients treated with mavacamten achieved the primary outcome 
compared with 17% in the placebo-treated patients (mean differ-
ence, 19.4%; 95% CI, 8.7-30.1). Additionally, 20% of patients 
treated with mavacamten achieved both an increase in pVO2 of 
greater than or equal to 3.0 mL/kg/min and an improvement in 
NYHA of at least 1 class compared with 8% of patients treated 

with placebo (mean difference, 12.5%; 95% CI, 4.0-21.0). A 
complete response documented by reduction in LVOT gradient 
of less than 30 mm Hg and achieving NYHA class 1 symptoms 
was seen in 27% of mavacamten-treated patients compared 
with just 0.79% of placebo-treated patients (mean difference, 
26.6; 95% CI, 18.3-34.8). All secondary end points displayed 
statistically significant improvements in patients treated with 
mavacamten compared with placebo. Overall, while treatment-
emergent AEs were reported in a high proportion of patients 
in each group, the rates of serious AEs were similar between 
the mavacamten and placebo groups (8% vs 9%, respectively). 
There were more mavacamten-treated patients who developed 
an LVEF of less than 50% throughout the study period (5.7% 
vs 1.5%), although all patients were able to resume treatment 
with a lower dose before the end of the treatment phase. Lastly, 
during the entire study period, no patients exceeded a plasma 
concentration of more than 1000 ng/mL.29,38

Based on the results seen in the EXPLORER-HCM trial, 
mavacamten demonstrated impressive improvements in both 
objective measures of oHCM as well as symptoms and quality 
of life. 29,38 Even in the presence of first-line treatment options, 
mavacamten provided additive benefit to those with oHCM. 

Although the overall duration of the EXPLORER-HCM trial 
may be considered relatively short for this chronic progres-
sive disease and the overall safety analysis was underpowered 
due to the small incidence of serious cardiac AEs, the ongoing 
MAVA-LTE trial is providing a longer-term analysis of the 
effects of mavacamten.39,40 MAVA-LTE is an extension study 
of patients enrolled in the EXPLORER-HCM study. Initial 
results presented in April 2022 suggest a sustained reduc-
tion in LVOT gradients and improvements in both cardiac 
biomarkers as well as NYHA class, with a majority achieving 
class 1 symptoms.39,40 The full results will provide a clearer 
picture regarding efficacy and safety of this novel therapy 
over several years.

Whereas the EXPLORER-HCM trial only included patients 
with less severe symptoms of oHCM, the VALOR-HCM trial 
specifically assessed the efficacy of mavacamten in a more 
advanced oHCM patient population. VALOR-HCM enrolled 
patients who, despite appropriate background therapy, 
continued to have severe symptoms.41,42 These patients had 
progressive disease and were candidates for SRT intervention 
based on current guideline criteria. The primary outcome of 
VALOR-HCM measured the number of patients who decided 
to undergo SRT or remained guideline eligible for SRT after 
16 weeks of treatment with mavacamten or matching placebo. 
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Overall, 112 patients were randomized to either mavacamten 
(n = 56) or matching placebo (n = 56).41 In contrast to the 
EXPLORER-HCM trial, patients were allowed to continue 
therapy with disopyramide and patients with class IV symp-
toms could also be enrolled. Additionally, dose titrations 
occurred at weeks 8 and 12 compared with weeks 8 and 14 
in EXPLORER-HCM. No pharmacokinetic drug levels were 
used to guide dose adjustments and were based purely on 
echocardiogram findings (LVEF and LVOT gradients). At 
week 16, 17.9% of mavacamten-treated patients were eligible 
for or decided to proceed with SRT compared with 76.8% of 
patients receiving placebo (P ≤0.001). This difference was 
primarily driven by a reduction in the number of patients who 
were guideline eligible, where just 14.3% of patients receiving 
mavacamten were eligible versus 69.6% of patients receiving 
placebo. Similar to EXPLORER-HCM, change in post-exer-
cise LVOT gradient, NYHA and Kansas City Cardiomyopathy 
Questionnaire status, NT-proBNP, and cardiac troponin were 
significantly improved with mavacamten. There was a small 
but significant reduction in LVEF in patients who received 
mavacamten compared with placebo (-4.0%; 95% CI, -5.5% 
to -2.5%), and 2 patients treated with mavacamten developed 
an LVEF less than 50%, although they were able to resume 
treatment at a reduced dose after temporary discontinuation 
without further reductions in systolic function. The results 
from the VALOR-HCM trial highlight the favorable effects 
of mavacamten in this study of highly symptomatic patients 
with oHCM. Based on these results, mavacamten is able to 
reduce the need for more invasive nonpharmacologic thera-
pies, which can be highly valuable for patients with oHCM 
who are unable to undergo SRT either due to contraindications 
to surgery or those who may not have access to a facility that 
has the experience required to complete these interventions 
safely and successfully. While patients have had access to 
pharmacologic therapies for symptoms related to oHCM, no 
previous noninvasive therapies have demonstrated as robust 
improvement in functional status or reduction in LVOT gradi-
ents as mavacamten.41,42

Currently, mavacamten is only approved for patients with 
oHCM. Initial phase 2 results from MAVERICK-HCM, 
which assessed mavacamten in patients with nonobstruc-
tive HCM, have revealed improvement in cardiac biomarkers 
with limited AEs.43 The MAVA-LTE trial is also including a 
cohort of patients previously enrolled in MAVERICK-HCM 
and will provide long-term safety and efficacy in patients with 
nonobstructive HCM.

Aficamten (CK-274)

While mavacamten has demonstrated initial improvement in 
symptoms and clinical findings of oHCM, additional therapies 
are on the horizon. Aficamten, a second-generation cardiac 
myosin inhibitor, has been granted breakthrough therapy 
designation by the FDA based on the promising results of 
initial phase 2 REDWOOD-HCM clinical trial results.30 This 
randomized, double-blind, placebo-controlled study included 
patients with persistent resting LVOT gradient (≥30 mm Hg) 
and provoked LVOT obstruction (≥50 mm Hg); efficacy end 
points included resting and provoked LVOT gradients, NYHA 
class, and NT-proBNP over the course of 10 weeks. The study 
evaluated dosing regimens and outcome measures focused 
on safety and incidence of adverse effects observed with 
aficamten. Initial results suggest aficamten reduces LVOT 
obstruction and improves symptoms in patients with oHCM, 
similar to the effects of mavacamten.44 Treatment was gener-
ally well tolerated with aficamten as adverse effects seen were 
similar between the 2 groups. 44 

Whereas aficamten and mavacamten share a similar mecha-
nism of action, they differ based on the specific myosin target 
inhibition as well as their pharmacokinetic profiles. The predicted 
half-life of aficamten is currently estimated to be around 3 days, 
in contrast to the longer half-life of mavacamten.28,45 Aficamten 
also appears to have limited inhibition and induction of various 
CYP enzyme pathways. These features may allow for clinicians 
to titrate therapy more rapidly to desired effects and minimize 
the risk for potential DDIs with aficamten. 

Results from the phase 2 REDWOOD-HCM and phase 3 
SEQUOIA-HCM studies are expected over the next 1 to 3 years 
and may lead to an additional pharmacologic therapy targeting 
the underlying cause of HCM.46,47 The currently ongoing 
SEQUOIA-HCM is a multicenter, randomized, double-blind, 
placebo-controlled study that analyzes the safety and efficacy of 
aficamten in adults with symptomatic HCM and LVOT obstruc-
tion. Primary end points include change in peak oxygen uptake 
measured by cardiopulmonary exercise testing (CPET) up to 24 
weeks; secondary end points include change in the Kansas City 
Cardiomyopathy Questionnaire score, proportion of patients 
with ≥1 class improvement in NYHA functional class, post-
Valsalva LVOT gradient, and proportion of patients with post-
Valsalva LVOT gradient <30 mm Hg, as well as change in total 
workload during CPET. 46,48 Aficamten has been investigated as 
once-daily oral dosing for patients.28 Results from these trials 
are not yet published, but there may be additional unmet needs 
filled that previous therapies for HCM have not addressed. 
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STAR

What subjective and objective data should pharmacists 
obtain and review before safely dispensing cardiac 
myosin inhibitors for HCM? 

The Role of the Pharmacist in 
the Management of Hypertrophic 
Cardiomyopathy
Pharmacists may impact and improve the care of patients with 
HCM through symptom recognition, management of treat-
ment expectations and adverse effects, and education on the 
importance of adherence to medications and management of 
comorbid conditions.4 Referral, greater access to counseling, 
and education regarding need for genetic testing for family 
members is also crucial. Shared decision making between 
health care professionals and patients when deciding on appro-
priate therapies based on individual preferences and associated 
comorbidities helps enhance engagement with patients. Since 
comorbid conditions, such as atherosclerotic cardiovascular 
disease, hypertension, obesity, and sleep-disordered breathing, 
may be prevalent in patients with HCM and contribute to 
heightened symptoms, proper counseling and management 
of these comorbidities can help improve the quality of life 
for these patients. For example, pharmacists are encouraged 
to provide comprehensive lifestyle interventions for main-
taining weight loss and lowering risk of developing HF and 
atrial fibrillation for patients with HCM and obesity while 
lifestyle modifications and treatment with β-blockers and 
non-dihydropyridine CCBs are recommended to help control 
hypertension in patients with oHCM. Assessing symptoms 
of sleep-disordered breathing and referral to sleep medicine 
specialists for evaluation is another opportunity for education 
and involvement to reduce symptom burden for patients with 
HCM.4 Unfortunately, data suggest a large portion of patients 
with cardiomyopathy will experience nonadherence to their 
medications. The use of weekly pill boxes and/or mobile apps 
can significantly increase compliance to prescribed medica-
tion regimens. Medication adherence should be discussed 
regularly by all health care team members in an effort to 
identify barriers and develop solutions with the input from 
the patient. Developing strategies that work well for patients 
based on their schedules to optimize adherence to prescribed 
medications reduces heart failure exacerbations and hopsital-
izations, improves functional capacity, and lowers the risk of 
cardiac-related mortality.4

This section will focus on the information currently avail-

able based on the approved agents, but it will be important 
for pharmacists to stay current with key educational points 
for HCM management as new therapies are approved as well. 
Due to the potential for development of HF from systolic 
dysfunction and the need for careful assessment of DDIs that 
may increase the risk of developing adverse cardiac events, the 
FDA approved mavacamten through a restricted Risk Evalu-
ation and Mitigation Strategy (REMS) program.35 Prescribers 
must complete an initial knowledge assessment and enrollment 
before prescribing mavacamten.49 Once enrolled in the program, 
the certified health care provider must complete initial patient 
counseling regarding the potential for development of HF and 
review for DDIs before prescribing mavacamten. They must 
also adhere to strict requirements for regular echocardiogram 
monitoring and clinical assessments at weeks 4, 8, and 12, and 
then every 12 weeks thereafter if continuing on a stable dose 
(every 4 weeks after dose titration [FIGURE 235,49,50]). Patients 
must also complete an initial enrollment form before they 
can begin therapy.

Pharmacists and specialty pharmacies play a crucial role in 
ensuring safe and effective use of this novel therapy. Pharma-
cies must certify with the Camzyos REMS program and train 
all staff according to the program before dispensing mava-
camten.49,50 Specific monitoring of patients will be discussed 
below but before dispensing mavacamten, pharmacists must 
complete and submit a drug interaction and counseling check-
list. After the checklist is submitted, authorization must be 
obtained through the online program or by calling the REMS 
call center, and no more than a 35-day supply can be provided 
to patients during each dispense. While specialty pharmacies 
and pharmacists are highly involved in ensuring access to this 
novel therapy, pharmacists may also be deployed in ambulatory 
care practices involved with the prescribing and monitoring of 
cardiac myosin inhibitors.

Dosing and Treatment Monitoring 
Mavacamten dosing is dependent on several factors and phar-
macists play a pivotal role in ensuring adherence to the dosing 
protocol set forth in the prescribing information. Mavacamten 
dosing should not be increased any earlier than 12 weeks after 
initiating therapy or after a dose modification.35,49,50 While dose 
decreases may be necessary as the result of new DDIs, addi-
tional findings such as low LVOT gradients (<20 mm Hg) at 
weeks 4 or 8 may require dose decreases during the initia-
tion phase of mavacamten (FIGURE 2A35,49,50). If at any point a 
patient’s LVEF falls to less than 50%, therapy should imme-
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diately be interrupted. These clinical features will be submitted 
by the mavacamten-certified provider at the time of screening 
and the follow-up periods listed in FIGURE 2.35,49,50 Once patients 
have tolerated a stable dose of mavacamten for 12 weeks and 
meet the appropriate thresholds (FIGURE 2B35,49,50), the dose 
can be increased to the next available dosage form (2.5-5 mg; 
5-10 mg; 10-15 mg).35

Mavacamten requires serial monitoring to assess for changes 
in LVEF and LVOT gradients.35,49 The current mavacamten 
REMS program requires echocardiography to be performed at 
baseline, then every 4 weeks for the first 12 weeks of therapy 
(FIGURE 2A35,49,50). If the LVEF decreases to less than 50% at any 
time during this initial phase, mavacamten should temporarily be 
held and the echocardiogram should be repeated every 4 weeks 

to assess for improvement. Once the LVEF is observed to be 
greater than or equal to 50%, therapy can be reinitiated at 2.5 
mg daily and a follow-up echocardiogram should be performed 
every 4 weeks after reinitiation.35,49 If a patient has an LVEF less 
than 50% twice while on the 2.5-mg treatment, despite appro-
priate temporary suspensions, therapy should be permanently 
discontinued. If the LVEF decreases to less than 50% while on 
higher maintenance doses, therapy should temporarily be held 
and should be restarted at the next lowest dose available once 
the LVEF is greater than or equal to 50%. Additionally, as doses 
of mavacamten are titrated, or patients are started on a weak 
CYP2C19 or moderate CYP3A4 inhibitor, reassessment with 
echocardiogram is required 4 and 12 weeks after either dose 
titration or initiation of the interacting medication.49 

FIGURE 2. DOSING AND MONITORING OF MAVACAMTEN35,49,50

A. INITIAL DOSING AND MONITORING

Echo, echocardiogram; LVEF, left ventricular ejection fraction; LVOT, left ventricular outflow tract.
aIf LVEF is less than 50% at any point, temporarily suspend mavacamten therapy; repeat echocardiogram every 4 weeks until LVEF is greater than 50%. Once 

LVEF is greater than 50%, resume therapy at next lowest possible dose.
bAfter resuming therapy after temporary suspension, repeat echocardiogram 4 weeks after restarting at the next lowest dose and continue dose for 8 weeks after 

echocardiogram if LVEF is greater than 50%.

B. DOSE TITRATION AND MONITORING WEEK 12 AND FURTHER 

BASELINE WEEK 4a WEEK 8a WEEK 12+a

•  Echo (LVEF 
≥55%)

•  Initiate  
mavacamten  
5 mg daily

•  Echo
•  If LVOT gradi-

ent <20 mm 
Hg, decrease 
dose to 2.5 mg 

•  If LVOT gradi-
ent ≥20 mm 
Hg, continue 
5 mg 

LVEF 50%-55% and any 
LVOT gradient

Continue current dose and 
reassess echo in 12 weeks

LVEF >55% and LVOT 
gradient <30 mm Hg

LVEF ≥55% and LVOT 
gradient ≥30 mm Hg

Continue current dose and 
reassess echo in 12 weeks

Increase to next dose (2.5-5 mg;  
5-10 mg; 10-15 mg)

Reassess with echo in 4 weeks

No further increase until completion 
of 12 weeks on current dose

•  Echo
•  If LVOT gradient 

<20 mm Hg, 
decrease dose 
by 2.5 mg (hold 
if previously 
reduced to 2.5 
mg) 

•  If LVOT gradient 
≥20 mm Hg, 
continue 
current dose

•  Echo
•  If LVEF ≥50% 

and previously 
held therapy, 
resume 
mavacamten 
2.5 mg and 
continue dose 
for total of 12 
weeksb

•  If previously 
on 2.5 mg 
or 5 mg, see 
Figure 2B
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While regular electrocardiograms are not a required 
monitoring parameter of the mavacamten REMS program, 
assessment may be required during concomitant use of mava-
camten and therapies known to increase QTc duration to 
prevent arrhythmias.29,51

Patient Education and Counseling 
The mavacamten REMS program requires pharmacists and 
pharmacies to submit appropriate clinical documentation 
before dispensing mavacamten.50 Before each dispense, phar-
macists must assess for the presence of clinically relevant 
DDIs that may necessitate either a dose decrease or suspen-
sion of therapy. Patients who are prescribed moderate-strong 
CYP2C19 inhibitors or inducers, strong CYP3A4 inhibitors, 
or moderate-strong CYP3A4 inducers are contraindicated 
from receiving mavacamten and the mavacamten-certified 
health care provider should be notified. Examples of these 
agents can be found at the mavacamten REMS program 
website listed in the Additional Resources section at the end 
of this activity.50 Additionally, patients who are prescribed 
medications that are weak CY2C19 or moderate CYP3A4 
inhibitors after initiation of mavacamten will require a dose 
decrease to the next available dose.35,50 For patients who are 
prescribed a weak CY2C19 or moderate CYP3A4 inhibitor 
before the initiation of mavacamten, the initial dose can be 
started at 5 mg daily without a decrease in the initial dose.35 
Identification of these potential DDIs must be documented on 
the Drug Interaction and Counseling Checklist for Pharma-
cies document provided in the mavacamten REMS program. 
Patients must be counseled about the need to notify both 
the mavacamten-certified health care provider and phar-
macy regarding any new medications prescribed in between 
dispensing of mavacamten therapy. Further requirements set 
forth in the REMS program included pharmacist attestation 
of patient counseling regarding cardinal signs or symptoms 
of worsening HF, including but not limited to shortness of 
breath, chest pain or discomfort, fatigue, palpitations, and/or 
swelling or rapid weight gain (>2 lb in 24 hours or 5 lb over 
the course of 1 week).50 Patients should also be alerted to 
commonly experienced AEs of therapy. Based on the current 
data, patients taking mavacamten reported a higher incidence 
of dizziness (27%) and syncope (6%).35 Patients should be 
instructed to rise slowly upon awakening or after prolonged 
periods of sitting down to minimize these events. Patients 
should also report the development and severity of these 

events to their mavacamten-certified health care provider, as 
these events may indicate the need for more urgent clinical 
evaluation. If patients report significant AEs, they should 
promptly be reported through both the FDA MedWatch 
program and the manufacturer.35 

While pregnancy status is not included on the REMS 
pharmacy checklist, women should be educated on appro-
priate contraception during treatment due to potential fetal-
embryo harm. Women should use effective contraceptive 
methods during treatment with mavacamten and for at least 
4 months after the last dose due to the prolonged half-life 
of mavacamten.35 The package insert recommends patients 
avoid monotherapy with combined hormonal contracep-
tives, as mavacamten may reduce their efficacy due to CYP 
enzyme induction. Suitable alternatives or additional forms 
of contraception include intrauterine devices or condoms, 
respectively. If patients suspect pregnancy or become preg-
nant while taking mavacamten, they should immediately 
alert their mavacamten-certified provider and should also be 
encouraged to report pregnancy to the manufacturer, as there 
is an ongoing study to formally assess the safety of therapy 
during pregnancy. Pharmacists involved in the dispensing 
of mavacamten should also alert the patient’s mavacamten-
certified provider and manufacturer if they discover a patient 
has become pregnant during therapy. Additional information 
will be needed to see if this is applicable for other agents in 
the class moving forward.  

Conclusion
Over the past decade, significant research has led to develop-
ment of novel pharmacologic treatments that target the under-
lying cause of HCM. Recent treatments that are first of its kind 
cardiac myosin inhibitors cannot only improve symptoms and 
functional status, but have the capability of reducing the need 
for more invasive surgical therapies that are not widely avail-
able to all patients with oHCM. While providers await longer-
term data with both mavacamten and potentially with aficamten, 
pharmacists in various settings play a key role in ensuring safe 
and effective use of these agents. Whereas patients will require 
frequent monitoring by the health care provider, pharmacists 
should routinely be involved in screening for significant DDIs 
and be familiar with the appropriate dose titrations and need for 
temporary suspensions when appropriate. Additionally, phar-
macists involved with the management of newer therapies for 
HCM should establish clear pathways for effective and timely 
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communication with providers to ensure patients can be treated 
safely and effectively. 
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POSTTEST QUESTIONS

1. Evidence of hypertrophic cardiomyopathy (HCM)  
includes which of the following criteria?
A. Left ventricular ejection fraction (LVEF) less than 50%
B. LV wall thickness greater than or equal to 15 mm
C. LV outflow tract (LVOT) gradient less than 20 mm Hg
D. Absence of late gadolinium enhancement

Case Vignette (for next 4 questions)

Patient AW is a 57-year-old man who has known HCM. 
He presents for his regular echocardiogram and routine 
clinical monitoring. He is maintained on metoprolol 
succinate 100 mg daily and disopyramide. His only 
other prescription medication is omeprazole 20 mg 
for gastroesophageal reflux disease. He takes no OTC 
medications. He describes symptoms such as dyspnea and 
fatigue when walking 2 or more flights of stairs or when 
walking more than 3 blocks. His resting left ventricular 
outflow tract (LVOT) gradient is measured as 25 mm Hg 
and after Valsalva maneuver the LVOT gradient is measured 
as 43 mm Hg. His LVEF is 75% on current echocardiogram.

2. Which would most appropriately describe the patient’s 
HCM type?
A. Nonobstructive HCM
B. Basal obstructive HCM
C. Labile obstructive HCM
D. Persistent obstructive HCM

3. After reviewing AW’s symptoms and gradients, his  
physician would like to initiate mavacamten. Which 
dose would be most appropriate to initiate for AW at 
this time?
A. 2.5 mg daily
B. 5 mg daily
C. 10 mg daily
D. 15 mg daily

4. After 8 weeks of therapy, AW presents for clinical 
follow-up after initiating his mavacamten therapy. 
He has had no medication changes since he started 
therapy. His physician asks the pharmacist to review 
his profile and determine whether his dose should be 
modified. Which statement would be most appropriate 
based on the current mavacamten Risk Evaluation and 
Mitigation Strategy requirements for dose titration?
A. If LVEF is greater than or equal to 55%, LVOT gradient 

greater than or equal to 30 mm Hg, and QTc less than 
520 msec, his dose should be increased to 10 mg daily. 

B. If LVEF is less than 50%, LVOT gradient greater than 
30 mm Hg, and QTc less than 520 msec, his dose 
should be decreased to 2.5 mg daily.

C. If LVEF is greater than or equal to 55%, LVOT gradient 
greater than or equal to 30 mm Hg, and QTc less than 
520 msec, his dose should be maintained at 
5 mg daily.

D. If LVEF is greater than or equal to 55%, LVOT gradient 
greater than or equal to 30 mm Hg, and QTc more 
than 520 msec, his dose should be decreased to 2.5 
mg daily.

5. Which medication is contraindicated in patients  
receiving mavacamten based on the mavacamten REMS  
program requirements due to a significant drug-drug  
interaction?
A. Ritonavir
B. Diltiazem
C. Apixaban
D. Furosemide

6. Which cardinal sign or symptom should patients 
immediately report during treatment with a cardiac 
myosin inhibitor?
A. Diarrhea
B. Bradycardia
C. Dyspnea
D. Headache

7. Which statement most appropriately highlights the 
potential mechanism for causing a reduction in the 
LVEF  during the treatment with aficamten?
A. Increased blood pressure
B. Reduced actin myosin cross-linking and contractility 
C. Decreased diastolic filling time
D. Increased oxygen demand
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Case Vignette (Use for next 3 questions)

TL is a 68-year-old woman presenting to the specialty 
pharmacy for a refill of her mavacamten 10 mg daily. She 
has been taking mavacamten for 2 years and has been 
on her current dose for 18 weeks without any temporary 
discontinuations. She had her most recent assessment 
with the mavacamten-certified prescriber this week. Her 
echocardiogram reveals an LVEF of 60%, a peak LVOT 
gradient of 34 mm Hg, and a QTc of 504 msec (baseline 
478 msec). She reports her previous symptoms of dyspnea 
and low exercise tolerance have improved dramatically. 
Her current medications include mavacamten 10 mg daily, 
metoprolol succinate 50 mg daily, atorvastatin 20 mg daily, 
aspirin 81 mg daily, and a multivitamin. 

8. Which recommendation may improve the effectiveness 
and safety of her mavacamten therapy?
A. Discontinue metoprolol succinate.
B. Start low-dose verapamil.
C. Increase mavacamten.
D. Stop mavacamten.

9. Two weeks later, patient TL’s mavacamten prescriber calls 
the pharmacy to tell the pharmacist she was informed 
the patient would be initiated on indefinite ciprofloxacin 
therapy due to an infection. She asks if anything needs 
to be done for her mavacamten at the next fill. Which 
recommendation would be safest for the patient?
A. Continue current dose of mavacamten. 
B. Decrease current dose of mavacamten.
C. Stop mavacamten.
D. Increase current dose of mavacamten.

10. Which of the following is the primary outcome examined 
in the SEQUOIA-HCM trial for aficamten?
A. Proportion of patients with ≥2 class improvements in 

NYHA functional class
B. Change in post-Valsalva LVOT gradient 
C. Number of patients that decide to undergo septal 

reduction therapies
D. Change in peak oxygen uptake measured by 

cardiopulmonary exercise testing

POSTTEST QUESTIONS (continued)
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Individualizing the Management of Primary 
Immunodeficiency Disorders: Considerations in 
the Selection of Intravenous Immunoglobulin or 
Subcutaneous Immunoglobulin

EDUCATIONAL OBJECTIVES

At the completion of this activity, the participant will be able to:

•   Determine the etiology, pathophysiology, incidence, types, clinical presentation, and 
other related complications associated with primary immunodeficiency disorders 
(PIDDs)  

•   Explain the standard therapies used for the treatment and management of PIDDs

•   Compare intravenous versus subcutaneous immunoglobulin and patient factors to 
consider in the selection of these agents

•   Identify the role of the pharmacist in making clinical recommendations for the 
treatment and management of PIDDs, in educating patients and caregivers about 
intravenous and subcutaneous immunoglobulin products, and in monitoring patients 
for adherence and potential adverse effects  

TARGET AUDIENCE: Health-system and specialty pharmacists
ACTIVITY TYPE: Application
RELEASE DATE: October 1, 2022
EXPIRATION DATE: October 1, 2023
ESTIMATED TIME TO COMPLETE ACTIVITY: 2.0 hours
FEE: This lesson is offered for free at www.pharmacytimes.org.

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 0290-0000-22-436-H01-P. 
The activity is available for CE credit through October 1, 2023.

Etiology, Pathophysiology, 
and Incidence
Primary immunodeficiency disorders 
(PIDDs) are a large and diverse group 
of medical conditions that are caused 
by intrinsically defective or diminished 
immune function. Most PIDDs are rare 
and inheritable genetic disorders, and, to 
date, over 450 unique single-gene inborn 
errors of immunity (IEI) have been char-
acterized. It is believed that at least 1% of 
the population is affected by PIDDs.1 This 
estimation indicates the true prevalence 
is higher than has been historically appre-
ciated.2-4 Even more monogenic errors of 
immunity are expected to be characterized 
as gene sequencing access and afford-
ability expands.5 The National Institutes 
of Health estimates that approximately 

500,000 Americans are living with undi-
agnosed PIDDs. Globally it is believed 
the vast majority of individuals with 
PIDDs (70%-90%) are undiagnosed.2,6 

The most frequently diagnosed PIDD is 
common variable immune deficiency.1

Susceptibility to infection is considered 
the hallmark feature or clinical mani-
festation of PIDDs. The severity of this 
presentation is highly variable.1 Mounting 
evidence suggests that vulnerability to 
infectious disease may not be the only 
presenting feature, however. Malignancy, 
autoimmunity, and other dysregulatory 
features of immune function are often 
observed at greater incidence in those 
with PIDDs.7

PIDD should not be confused with 
immunodeficiency disorders that arise from 
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TABLE 1. INTERNATIONAL UNION OF IMMUNOLOGICAL SOCIETIES PHENOTYPIC CLASSIFICATION OF IEI1,9

IUIS 
group

PIDD category Characteristics Examples Physician-reported 
prevalence (United States)*

I Immunodeficiencies 
affecting 
cellular and 
humoral immunity 
(combined)

•  Recurrent viral, fungal, and 
bacterial infections

•  Autoimmunity

•  SCID
•  DOCK8 deficiency
•  CD40L deficiency
•  MHC I/II deficiency

4.5%

II CIDs with 
associated or 
syndromic features

•  Recurrent viral, fungal, and 
bacterial infections

•  Autoimmunity
•  Nonimmune features
•  Dysmorphology

•  Hyper-IgE (STAT3)
•  Wiskott-Aldrich syndrome
•  Cartilage-hair hypoplasia
•  22q11.2 deletion syndrome
•  NEMO deficiency

16.5%

III Predominantly 
antibody 
deficiencies

•  Recurrent bacterial 
sinopulmonary infections

•  X-linked (BTK) and autosomal 
recessive agammaglobulinemia

•  Autosomal recessive hyper-IgM
•  Selective IgA deficiency

56.4%

IV Diseases of immune 
dysregulation

•  Lymphoproliferation
•  Autoimmunity
•  Hemophagocytic
•  lymphohistiocytosis

•  Chediak-Higashi syndrome
•  Perforin deficiency
•  ALPS
•  STAT3 gain of function
•  CTLA4 deficiency
•  LRBA deficiency
•  IL-10 deficiency

3.5%

V Congenital defects 
of phagocyte 
number, function, 
or both

•  Severe bacterial 
infections of the skin, 
lungs, and lymph nodes

•  Inflammatory bowel disease

•  Chronic granulomatous disease
•  Leukocyte adhesion deficiency
•  GATA2 deficiency
•  Congenital neutropenias

4.9%

VI Defects of intrinsic 
and innate 
immunity

•  Invasive bacterial infections 
(sepsis, meningitis) often in 
the absence of fever

•  Recurrent fungal, 
mycobacterial, 
and viral infections

•  IRAK4 and MyD88 deficiency
•  STAT1 gain of function
•  Interferon gamma receptor 

deficiency
•  IRF7 deficiency
•  TLR3 deficiency

0.9%

VII Autoinflammatory 
disorders

•  Recurrent fever, rash, 
arthritis/arthralgia

•  Amyloidosis
•  Inflammatory bowel disease

•  Familial Mediterranean fever
•  Mevalonate kinase deficiency
•  Muckle-Wells syndrome
•  NLRP1 deficiency

2.0%

VIII Complement  
deficiencies

•  Disseminated 
neisserial infections

•  Recurrent pyogenic 
infections

•  SLE
•  Atypical hemolytic 

uremic syndrome

•  Deficiency of complement 
components (C1 to C9)

•  Properdin deficiency
•  Factor D deficiency
•  Factor H deficiency

1.9%

ALPS, autoimmune lymphoproliferative syndrome; ALPS-SFAS, autoimmune lymphoproliferative syndrome due to somatic FAS mutation; BTK, Bruton tyrosine kinase; 

CD40L, CD40 ligand; CID, common immunodeficiency; CTLA4, cytotoxic T lymphocyte-associated antigen 4; DOCK8, dedicator of cytokinesis 8; GATA2, GATA-

binding protein 2; IEI, inborn error of immunity; IgA, immunoglobulin A; IgE, immunoglobulin E; IgM, immunoglobulin M; IL, interleukin; IRAK4, IL-1 receptor-associated 

kinase 4; IRF7, interferon regulatory factor 7; IUIS, International Union of Immunological Societies; LRBA, lipopolysaccharide-responsive beige-like anchor; MHC, major 

histocompatibility complex; MyD88, myeloid differentiation primary response protein 88; NEMO, nuclear factor-kappa-B essential modifier; NLRP1, NLR family pyrin 

domain-containing 1; PIDD, primary immunodeficiency disorder; SCID, severe combined immunodeficiency; SLE, systemic lupus erythematosus; STAT1, signal transducer and 

activator of transcription 1; STAT3: signal transducer and activator of transcription 3; TLR3: toll-like receptor 3; TNFRSF6: tumor necrosis factor receptor superfamily member 6. 

*34,414 total patients; note: 3135 (9.1%) reported as “unspecified or other deficiencies” (not depicted in table).

Continued on next page
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TABLE 1. INTERNATIONAL UNION OF IMMUNOLOGICAL SOCIETIES PHENOTYPIC CLASSIFICATION OF IEI1,9 (continued)

IUIS 
group

PIDD category Characteristics Examples Physician-reported 
prevalence (United States)*

IX Bone marrow 
failure

•  Macrocytic anemia 
and other cytopenias

•  Skeletal, nail, hair, and/
or skin abnormalities

•  Fanconi anemia
•  Dyskeratosis congenita

0.17%

X Phenocopies of 
PIDD

•  Various phenotypes •  ALPS-SFAS (somatic 
mutations in TNFRSF6)

•  Mucocutaneous candi-
diasis due to autoanti-
bodies to IL-17 or IL-22

•  Mycobacterial infections due to 
autoantibodies to IL-6

•  Acquired angioedema due to 
autoantibodies to C1 inhibitor

0.14%

ALPS, autoimmune lymphoproliferative syndrome; ALPS-SFAS, autoimmune lymphoproliferative syndrome due to somatic FAS mutation; BTK, Bruton tyrosine kinase; 

CD40L, CD40 ligand; CID, common immunodeficiency; CTLA4, cytotoxic T lymphocyte-associated antigen 4; DOCK8, dedicator of cytokinesis 8; GATA2, GATA-

binding protein 2; IEI, inborn error of immunity; IgA, immunoglobulin A; IgE, immunoglobulin E; IgM, immunoglobulin M; IL, interleukin; IRAK4, IL-1 receptor-associated 

kinase 4; IRF7, interferon regulatory factor 7; IUIS, International Union of Immunological Societies; LRBA, lipopolysaccharide-responsive beige-like anchor; MHC, major 

histocompatibility complex; MyD88, myeloid differentiation primary response protein 88; NEMO, nuclear factor-kappa-B essential modifier; NLRP1, NLR family pyrin 

domain-containing 1; PIDD, primary immunodeficiency disorder; SCID, severe combined immunodeficiency; SLE, systemic lupus erythematosus; STAT1, signal transducer and 

activator of transcription 1; STAT3: signal transducer and activator of transcription 3; TLR3: toll-like receptor 3; TNFRSF6: tumor necrosis factor receptor superfamily member 6. 

*34,414 total patients; note: 3135 (9.1%) reported as “unspecified or other deficiencies” (not depicted in table).

TABLE 2. MOST COMMONLY DIAGNOSED PRIMARY IMMUNODEFICIENCY DISORDERS1

Primary immunodeficiency defect Global United States

n % n %

Common variable immunodeficiency, unknown 15,969 23.4 5551 24.2

Selective IgA deficiency 11,592 17.0 3596 15.7

Isolated IgG subclass deficiency 6024 8.8 986 4.3

TBX1 (DiGeorge, Chromosome 22q11.2 deletion syndrome), AD 5373 7.9 2384 10.4

Transient hypogammaglobulinemia of infancy 4799 7.0 900 3.9

Specific antibody deficiency (normal Ig and B cells) 4708 6.9 3029 13.2

ATM (ataxia-teangiectasia), AR 3066 4.5 1262 5.5

BTK (BTK deficiency, XLA) XL 2863 4.2 527 2.3

MEFV (Familial Mediterranean fever), AD 2502 3.7 223 1.0

TNFRSF13B (TACI deficiency), AR or AD 2417 3.5 2122 9.2

DiGeorge Syndrome, unknown 2162 3.2 988 4.3

C1QA (C1q deficiency), AR 1818 2.7 167 0.7

CYBB (X-linked CGD (gp91 phox)), XL 1752 2.6 356 1.6

IgG subclass deficiency with IgA deficiency 1673 2.5 574 2.5

WAS [Wiskott-Aldrich syndrome (WAS LOF)], XL 1537 2.3 282 1.2

Total 68,255 100 22,947 100
AD, autosomal dominant; AR, autosomal recessive; BTK, Bruton tyrosine kinase; CGD, chronic granulomatous disorder; Ig, immunoglobulin; XLA, X-linked agammaglobu-

linemia; XL, X-linked.

Republished from Quinn J, Modell V, Orange JS, Modell F. Growth in diagnosis and treatment of primary immunodeficiency within the global Jeffrey Modell Centers 

Network. Allergy Asthma Clin Immunol. 2022;18(1):19. doi:10.1186/s13223-022-00662-6, under the terms of a Creative Commons Attribution 4.0 International License
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secondary causes. Secondary immunodeficiency is acquired and 
considered the result of factors extrinsic to the immune system. 
Secondary immunodeficiency can be the direct or indirect result 
of other diseases or environmental conditions such as infection, 
malnutrition, or malignancy. It is a well-known consequence 
of various immunosuppressive drugs (eg, chemotherapy, 
disease-modifying antirheumatic drugs, biologic response 
modifiers, steroids).8

While over 400 forms of PIDD exist, most are considered 
rare.9 Since 2013, the International Union of Immunological 
Societies Expert Committee on IEI has published an updated 
phenotypic classification of IEI that accompanies and comple-
ments their genotypic classification into 10 broad categories 
(see TABLE 11,9). As would be expected from any disease state 
that has substantial variability in etiology, the pathophysiology 
and mechanisms underpinning PIDD are complex.

TABLE 21 depicts the US and global prevalence of the 15 most 
commonly diagnosed PIDDs as reported by physicians.

Categorization of PIDD can also be simplified and divided into 
subtypes based on the deficient or defective cells or cell compo-
nents. These subtypes include PIDDs that cause T-cell deficiency, 
B-cell deficiency, both T- and B-cell deficiency, complement defi-
ciency, phagocyte deficiency, and immunoglobulin (Ig) A defi-
ciency. The FIGURE4,10 lists the most common types of PIDDs 
(as well as some rare PIDDs) based on their cellular defect.4,10

Clinical Presentation and Diagnosis
The clinical presentation of PIDDs is not always obvious, 
which can lead to delay in diagnosis. Variable and some-
times nonspecific symptoms may be conflated with other 
more commonly seen and diagnosed disease states. This 
variability can hinder a diagnosis of PIDD. Susceptibility 
to infection is the most common symptom of PIDDs but 
other less common symptoms may be harder to appreciate 
in a diagnostic evaluation, particularly given that presenta-
tion is highly variable between patients. In fact, noninfec-
tious symptomology may present prior to recurrent infections 
and include swelling of the blood vessels, liver, spleen, or 
lymph nodes and autoimmune conditions such as inflamma-
tory bowel disease or severe atopy.11-15 Cytopenias, pulmo-
nary disease, autoimmune or autoinflammatory disorders, 
as well as malignancy may all be important manifestations 
of PIDD.7 Clinicians should consider potential secondary 
causes of immunodeficiency including Ig loss.14 Referral to 
a clinical immunologist should be considered for anyone 
experiencing recurrent infections.14

Reasons for delays in obtaining a diagnosis of PIDD are 
multifactorial. Expertise within clinical immunology is rare for 
primary care physicians and a shortage of immunologists exac-
erbates this knowledge gap.16 According to the 2007 PIDDs in 
America Patient Survey Report, 51% of patients with PIDD did 

FIGURE. PRIMARY IMMUNODEFICIENCY DISORDER BY TYPE OF CELL DEFECT4,10

 

B-cell disorders T-cell disorders Severe combined
immunodeficiencies

Common:
DiGeorge anomaly 

(partial)

Uncommon:
Severe combined 
immunodeficiency

Wiskott-Aldrich syndrome

Ataxia telangiectasia

Chronic granulomatous 
disease

Leukocyte adhesion 
deficiency

Complement component 
disorders (uncommon)

Uncommon:
DiGeorge anomaly 

(complete)

Common:
Selective IgA deficiency 

IgG2 subclass/selective 
deficiency

Transient 
hypogammaglobulinemia

of infancy

Uncommon:
X-linked 

agammaglobulinemia

Common variable 
immunodeficiency 



97PHARMACYTIMES.ORG
NOVEMBER  2022

www.pharmacytimes.org

not receive a diagnosis until they had reached the age of 30 or 
older, with 26% not obtaining a diagnosis until age 45 or older.17 
The same survey showed that the average time to diagnosis after 
symptom onset appeared to be increasing, from 9.2 years in 
2002 to 12.4 years in 2007.18 The patient survey from 2007 also 
demonstrated that nearly half (49%) of those who responded 
indicated that they had experienced a permanent impairment 
prior to diagnosis. Survey data showed a shorter time from onset 
of symptoms to diagnosis, as immunodeficiency was associated 
with fewer permanent impairments due to loss of function in 
organs or organ systems.17

STAR*

What factors have led to the observed delays in diagnosis 
for patients with PIDD?

*S = Stop; T = Think; A = Assess; R = Review

In efforts to improve public awareness of the underdiagnosis 
of PIDD, the Jeffrey Modell Foundation has developed lists of 

warning signs of PIDD (see TABLE 31). The presence of 2 or 
more of these signs suggests the possible presence of PIDD and 
warrants further investigation.1

Early diagnosis and effective treatment are critical to help 
reduce associated morbidity and mortality with PIDD. Without 
prompt treatment, patients with PIDD are liable to experience 
reduced quality of life (QOL) as well as serious, prolonged, 
and sometimes life-threatening infections or complications 
from autoimmunity.1 A multitude of comorbid conditions are 
found at higher rates within patients with PIDD compared with 
the general population. A retrospective cohort review using a 
large US insurance claims database showed various comor-
bidities were more prevalent in patients receiving intravenous 
(IV) or subcutaneous (SC) Ig compared with their age- and 
gender-controlled cohorts. The diagnoses observed at higher 
rates within the PIDD population included chronic obstruc-
tive pulmonary disease-asthma (51.5%), rheumatoid disease 
(14%), deficiency anemia (11.8%), hypothyroidism (21.2%), 
lymphoma (16.7%), neurologic disorders (9.7%), arrhythmias 
(19.9%), electrolyte disorders (23.6%), coagulopathies (16.9%), 
and weight loss (8.4%).7

Compared with healthy adults and children, patients with 
PIDD have significantly lower general health with greater hospi-
talization rates and greater limitations to their physical, social, 
or school activities.19 Health-related QOL (HRQOL) outcomes 
are negatively impacted by delays in diagnosis and number of 
infectious episodes.

Management of PIDD With Immunoglobulin
Management of PIDDs is variable and is based chiefly on the 
specific immune defect. Underlying mechanisms of disease 
should be considered and, if feasible, the use of curative ther-
apies such as bone marrow transplantation or gene therapy 
should be explored.20,21 Ig replacement therapy is considered 
the standard of care for an array of PIDDs. Goals of treat-
ment for PIDD are centered on the prevention of infections 
and their associated complications. Similarly, improving 
HRQOL is a primary goal. Many studies have confirmed the 
efficacy and safety of Ig replacement therapy.22-25 It benefits 
pharmacists to have a complete understanding of available Ig 
products as well as their dosing, administration, and potential 
adverse effects (AEs). Pharmacists should also be capable of 
making dose recommendations when transitioning a patient 
from IVIg to SCIg therapy.

Ig replacement therapy is used in several PIDDs and helps 
prevent infectious disease episodes. Ig can be replaced either 

TABLE 3. 10 WARNING SIGNS OF PIDD FOR PEDIATRICS AND 
ADULTS1

Pediatrics Adults

1. ≥4 new ear infections 
within 1 year

2. ≥2 serious sinus 
infections within 1 year

3. ≥2 months on antibiotics 
with little effect

4. ≥2 pneumonias within 
1 year

5. Failure of an infant to 
gain weight or grow 
normally

6. Recurrent, deep skin, or 
organ abscesses

7. Persistent thrush 
in mouth or fungal 
infection on skin

8. Need for IV antibiotics 
to clear infections

9. ≥2 deep-seated 
infections including 
septicemia

10. A family history of PIDD

1. ≥2 new ear infections 
within 1 year

2. ≥2 serious sinus 
infections within 1 year, 
in the absence of allergy

3. 1 pneumonia per year 
for >1 year

4. Chronic diarrhea with 
weight loss

5. Recurrent viral 
infections (colds, herpes, 
warts, condyloma)

6. Recurrent need for 
IV antibiotics to clear 
infections

7. Recurrent, deep 
abscesses of the skin or 
internal organs

8. Persistent thrush or 
fungal infection on skin 
or elsewhere

9. Infection with normally 
harmless tuberculosis-
like bacteria

10. A family history of PIDD

IV, intravenous; PIDD, primary immunodeficiency disorder.
Republished from Quinn J, Modell V, Orange JS, Modell F. Growth in 
diagnosis and treatment of primary immunodeficiency within the global 
Jeffrey Modell Centers Network. Allergy Asthma Clin Immunol. 2022;18(1):19. 
doi:10.1186/s13223-022-00662-6, under the terms of a Creative Commons 
Attribution 4.0 International License.
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IV or SC, and the route of replacement is frequently depen-
dent upon patient preference.26 Both the patient/caregiver and 
the prescriber should decide on the route of administration 
that is best suited for the individual. All available options are 
clinically efficacious, and all therapies must be tailored to meet 
the individual’s needs.27 Pharmacists caring for patients with 
PIDD should understand the importance of shared decision 
making between the clinician and patient and be knowledgeable 
about management strategies for these clinical complications, 
including the dynamics of IVIg versus SCIg and the need to 
individualize therapy, which may improve patient adherence 
and clinical outcomes.

A patient-centered approach incorporates individual patient 
preferences when developing a care plan for treatment of 
PIDDs. This approach is important, as lifelong Ig replacement 
therapy imparts a substantial burden upon the patient. Research 
indicates that besides the well-recognized physical complica-
tions associated with PIDDs, many patients with PIDD also 
experience psychological distress. This can have a consider-
ably negative impact on patient HRQOL.28 It is imperative 
that pharmacists understand that patients living with PIDDs 
face numerous challenges that may impact nearly every facet 
of their lives. HRQOL outcomes are improved when shared 
decision making is employed. Satisfaction with therapy helps 
aid in improving patient adherence.29 Some data suggest that 
even with treatment, patients with PIDD may experience worse 
HRQOL outcomes.19,30

IVIg has historically been considered the standard route of 
administration. IVIg permits infusion of larger doses over a 
short time; however, it must be administered by a health care 
professional. SCIg was utilized as early as the 1970s, but its use 
did not gain FDA approval until 2006.31 Compared with IVIg, 
SCIg does not require venous access and instead relies upon the 
slow release of Ig from the SC tissues into the systemic circula-
tion. This more gradual route of administration enables Ig levels 
to remain steadier between infusions.31 SCIg is given in rela-
tively smaller doses at more frequent intervals when compared 
with IVIg. Smaller variations between peaks and troughs of 
Ig levels may reduce the likelihood of treatment-related fluc-
tuations, including AEs, and improve the maintenance of 
functional ability.31

Immunoglobulin Therapy and Impact on  
Quality of Life
According to the Immune Deficiency Foundation, among 
those receiving Ig replacement therapy in the United States, 

approximately 50% use IVIg and 50% use SCIg.32 However, 
the use of SCIg for PIDD is on the rise. Recent data demon-
strated that SCIg is associated with improved patient QOL 
and decreased overall costs to the health care system when 
compared with IVIg.33

Studies have also demonstrated that most patients prefer 
SCIg because it can be administered at home, is more conve-
nient, allows them greater independence, and is considered 
better tolerated with fewer systemic reactions.34 Due to flex-
ibility in dosing frequency and scheduling, patients can also 
achieve better steady-state Ig concentrations, resulting in fewer 
hospital days and fewer missed days of work.35,36 Self-infusion 
at home also decreases use of the health care system and, most 
importantly, empowers patients and promotes their responsi-
bility.35 Still, some patients prefer IVIg and identify perceived 
inconvenience, concerns about adverse reactions at home, and 
apprehension over frequent needlesticks as their concerns.35 
SCIg represents a popular alternative to IVIg for many patients 
with PIDDs. Studies have shown that for many patients, QOL 
and self-perception of health is improved following a conver-
sion from IVIg to SCIg.37-39 

SCIg offers the convenience of self-administration, elimi-
nates the need for venous access, enables shorter infusions with 
smaller volumes, and yields an improved safety profile due to 
the reduced treatment burden.30,37 Patients have identified Ig self-
administration, home administration, shorter duration of admin-
istration, fewer needlesticks, and once per month administration 
as features that improve their HRQOL.30,40 In the pediatric 
population, a publication indicated that use of SCIg revealed 
numerous advantages over IVIg, including better health and 
improved school/social functioning. SCIg also reduced parental 
emotional distress and personal time limitations and exerted 
fewer limitations on family activities.39,41

It is imperative that pharmacists understand that irrespective 
of method of administration, the initiation of Ig replacement 
therapy in patients with PIDD extends survival, diminishes 
morbidity, and overall improves HRQOL.35 Pharmacists caring 
for patients with PIDD should be aware of the various ways 
in which immune dysregulation may present. In addition to 
recurrent and severe bacterial infections, patients with PIDD 
also have an increased frequency of autoimmune disease, 
inflammatory disorders, and lymphoproliferative disorders, 
life expectancy is reduced, and recurrent infections cause 
significant morbidity and disability due to complications 
from chronic lung disease, inflammatory bowel disease, and 
autoimmune disorders.7
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STAR

Why are early diagnosis and treatment considered so 
important in patients with PIDD?

IV Versus SC Immunoglobulins and 
Individualizing Care for the Patient
Although both routes of Ig administration have been deemed 
safe and effective, the preferred route can be based on a 
multitude of factors (see TABLE 442 for pros and cons). These 
include factors such as the specific clinical circumstances, 
patient’s lifestyle, dose requirements, volume and infusion 
rates, target Ig level, the specific drug product used, site of 
care, AEs, adherence issues, support system, and the number 
of infusion sites, many of which can affect the cost of therapy.43 

Regardless of the route of administration chosen, adherence 
to treatment is of paramount importance. Due to their drug 
expertise, pharmacists have a critical role in identifying patients 
exhibiting signs of or at risk for PIDDs. They can also be instru-
mental in educating patients about the initiation of Ig therapy, 
dosing, and proper administration. Treatment regimens should 
be individualized to improve adherence and clinical outcomes. 
Patient/caregiver education is integral to effective management, 
and when selecting an Ig therapy, health care professionals 
should consider the following29,42: 

•  Administration frequency 
•  Dosing 
•  Route of administration 

•  Site of care (home or infusion center) 
•  Use of self- or health professional-administered infusion 

The Role of the Pharmacist in Primary 
Immunodeficiency Disorder Management
Ig replacement therapy may be impacted by product-specific 
considerations or differences. These differences include vari-
ability between storage and stability requirements as well as 
whether reconstitution is necessary. Pharmacists can help 
play an important role in guiding the selection of therapy that 
best fits a patient’s specific needs. Product-specific differ-
ences in the sugar and sodium content, type of stabilizer 
used, relative IgA content, and other pharmaceutical differ-
ences may impact patient tolerability. Due in part to these 
differences, Ig products are not considered generic drugs and 
are not interchangeable.42

A typical PIDD dose for IVIg products is 400 to 600 mg/kg 
every 3 to 4 weeks (but individual products have dosing differ-
ences that range from 200-800 mg/kg). Converting a patient 
from IVIg to SCIg requires knowledge of the intended SCIg 
product to be administered. A product-specific conversion factor 
is multiplied by the patient’s IVIg dose and then divided by the 
number of weeks between IVIg doses. For most products, SCIg 
dosing begins 1 week after the last IVIg dose.26

Pharmacists can aid in identification of ideal candidates for 
SCIg. Various publications have demonstrated that SCIg may 
have benefits in patients experiencing AEs in QOL with IVIg 

TABLE 4. COMPARISON OF IVIg AND SCIg42

IVIg SCIg

Pros •  Requires less frequent dosing (typical 
interval is 3-4 weeks)

•  Historical efficacy and safety profile as well 
as risk mitigation strategies are well known

•  Local site reactions unlikely
•  Promotes more frequent contact between 

patient and health care professionals which 
may improve assessment of efficacy or 
treatment response and earlier identification 
of potential complications

•  Flexibility of self-administration
•  No venous access is required
•  Improved steady state IgG levels
•  Smaller infusion volume
•  Most common adverse drug reactions are localized to 

site of administration

Cons •  Venous access is required
•  Requires greater health care system 

resource utilization (eg, an RN 
needed for administration)

•  Greater variability in peak and trough IgG 
levels may impact efficacy and safety

•  Systemic adverse drug reactions are 
more common

•  More frequent treatment required (every 2 weeks to daily)
•  More needlesticks
•  Lack of oversight by a trained medical professional 

to assess self-administration technique (beyond an 
initial teaching visit)

•  Treatment adherence may be decreased if patient is 
not routinely monitored

•  Local site reactions (which may improve over time)

IVIg, intravenous immunoglobulin; RN, registered nurse; SCIg, subcutaneous immunoglobulin.
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TABLE 5. MANAGING ADVERSE DRUG REACTIONS WITH IVIg AND SCIg54

Adverse drug reaction 
to IVIg

Interventions/strategies for management

Chills/rigors •  Stop infusion
•  Administer prescribed medications
•  Restart infusion at a lower rate after symptoms subside (eg, the last tolerated rate)

Headache •  Give acetaminophen or NSAID
•  Ensure adequate hydration on day of treatment
•  Consider IV or oral hydration (500-1000 mL)

Migraine headache •  Administer anti-migraine medications at first sign of migraine. Consider premedication with anti-
migraine medications (eg, triptans)

•  Oral or IV steroids may help decrease headache intensity
•  General nonpharmacologic interventions such as reducing noise and visual 

stimuli should be used

Malaise/flu-like 
symptoms

•  Resting after an infusion may help minimize muscle aches or pain and may 
decrease excess fatigue

•  Acetaminophen or NSAID use and adequate pre-hydration may help

Urticaria •  Stop the infusion. Administer prescribed antihistamines and/or steroids. Observe 
for true anaphylaxis

Vasomotor symptoms •  Stop infusion. Follow prescriber’s orders regarding use of IV fluid, diuretics or other 
interventions as indicated

Nausea/vomiting •  Stop the infusion. Administer antiemetic medications. Provide comfort measures

Back/hip pain, 
arthralgias, myalgias

•  Stop or slow the infusion. Administer acetaminophen or NSAID for discomfort. Consider 
use of a heating pad

Adverse drug reaction 
to SCIg

Interventions/strategies for management

Local itching •  Ensure that a dry needle insertion technique has been used
•  Apply cold compress
•  OTC topical steroid may be used (eg, hydrocortisone 0.5%)
•  Consider a longer needle for future infusions.
•  Decrease volume per site and work up to desired site volume gradually

Redness •  Cold compress
•  Consider irritation from adhesives or tape and consider alternate product
•  Assure patient that redness should improve over time with repeat administration

Burning •  Clamp off catheter for 5-10 minutes, if desired
•  Slow the rate of infusion
•  Cold compress
•  Assess needle placement (ensure not intramuscular). Consider use of shorter needle 

for future infusions
•  Assess antiseptic used for skin preparation

Swelling
(Note some swelling will 
always occur with SC 
administration)

•  Warm compresses for 5-10 minutes
•  If using a heating pad, lower the setting
•  Gentle massage
•  Adjust volume/consider alternate site of administration

Urticaria/hives •  Stop infusion
•  Contact prescriber for instructions and to determine if infusion should continue
•  Consider an antihistamine

IV, intravenous; IVIg, intravenous immunoglobulin; OTC, over the counter; NSAID, nonsteroidal anti-inflammatory drug; SCIg, subcutaneous immunoglobulin.  

Republished courtesy of the Immune Deficiency Foundation and accessed via www.primaryimmune.org. 

Continued on next page
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therapy.44,45 Clinical data also indicate that patients with more 
motivation to self-administer (eg, those who travel frequently or 
are employed) are more likely to want to transition to SCIg, may 
be more engaged in learning self-administration, and obtain 
greater perceived benefit from efficient infusions.37 Pharmacists 
should have a thorough understanding of what factors drive effi-
ciency in infusion and learning, and, in turn, treatment satisfac-
tion and well-being can help guide best practices.

Pharmacists also play an important role in management of AEs 
with Ig therapy. Most IVIg reactions are related to the rapidity 
with which an infusion is given.46,47 Slower infusions are gener-
ally better tolerated. Each IVIg product carries a maximum final 
infusion rate, and this rate dictates the overall length of the 
infusion. All IVIg products carry a black box warning for risk 
of thrombosis, renal dysfunction, and acute renal failure. All Ig 
products may cause thrombosis. Risk factors for development 
of thrombosis include advanced age, prolonged immobilization, 
hypercoagulable conditions, history of venous or arterial throm-
bosis, use of estrogens, indwelling vascular catheters, and cardio-
vascular risk factors.48 Ensuring patients are well hydrated prior 
to receiving IVIg may help reduce thrombotic complications. 
Hydration may also reduce the likelihood of renal dysfunction. 
Renal dysfunction secondary to Ig use has been characterized as 
osmotic in nature, similar to the mechanism underlying sucrose 
nephropathy.49,50 No currently marketed IVIg products use 
sucrose as a stabilizer.46 Other mechanisms are likely contribu-
tory to acute kidney injury caused by IVIg.51 In general, admin-
istering Ig products at the slowest practical rate is another valid 
strategy to reduce adverse reactions, including thrombosis. Live 

virus vaccines may not produce the intended immune response 
due to the passive transfer of antibodies following receipt of 
an Ig product.46,51,52

Ig therapy may cause a variety of AEs that can be generally 
classified as immediate or delayed.52,53 Immediate AEs may 
be mild (eg, flu-like syndrome, flushing, headache, chills), 
moderate (eg, vomiting, chest pain, severe headache), or 
severe (eg, hypertension, anaphylaxis, bronchospasm). These 
systemic AEs are more commonplace with IVIg than with 
SCIg. While rare in occurrence, patients may also experience 
delayed adverse drug reactions (ADRs) due to Ig, but they can 
be severe. Examples may include thromboembolism, neurologic 
disorders (eg, aseptic meningitis, seizure), renal impairment, 
hematologic disorders (eg, hemolysis, neutropenia), and elec-
trolyte disturbances.52,53 In general, the use of SCIg is associated 
with fewer ADRs, and premedication is typically not required. 
Severe reactions rarely occur, and patients who have had severe 
reactions to IVIg might be at a greater risk. Recommendations 
for managing ADRs based on route of administration can be 
found in TABLE 5.54 

Conclusion
PIDD represents an ever-expanding group of conditions that 
have historically been unappreciated. Standard therapies for 
treatment and management of PIDDs include antimicrobials 
for relevant infectious disease complications and replace-
ment Ig therapy. Other curative treatments are less widely 
employed but include bone marrow transplant and gene 
therapy. Goals of therapy include reducing infectious disease 

TABLE 5. MANAGING ADVERSE DRUG REACTIONS WITH IVIg AND SCIg54 (continued)

Rash •  Assess if local or systemic in nature; stop SCIg if systemic
•  Contact prescriber for instructions and to determine if infusion should continue
•  Consider the possibility of tape or latex sensitivity

Discomfort •  Slow infusion
•  If intolerable pain, needle may be intramuscular; remove needle and change sites
•  Warm compresses
•  Gentle massage
•  OTC analgesics may be considered

IV, intravenous; IVIg, intravenous immunoglobulin; OTC, over the counter; NSAID, nonsteroidal anti-inflammatory drug; SCIg, subcutaneous immunoglobulin.  

Republished courtesy of the Immune Deficiency Foundation and accessed via www.primaryimmune.org. 

ADDITIONAL RESOURCES

Immune Deficiency Foundation https://primaryimmune.org/pi-awareness/medical-professionals

National Organization for Rare Disorders https://rarediseases.org/

Immunoglobulin National Society https://ig-ns.org/
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episodes and improving QOL. Patient and clinician education 
represents a substantial area of need and pharmacists can help 
close that gap. A wide variety of factors should be considered 
in choosing a product for Ig replacement therapy, and treat-
ment should be individualized to meet the patient’s goals.
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POSTTEST QUESTIONS

1. Globally, how many patients with primary 
immunodeficiency disorder (PIDD) remain 
undiagnosed?
A. 0% to 30%
B. 30% to 50%
C.  50% to 70%
D.  70% to 90%

2. Which is considered the hallmark feature of PIDDs?
A. Susceptibility to infection
B. Pulmonary edema
C. Atopic dermatitis
D. Anemia

3. Which PIDD is the most prevalently diagnosed both 
globally and in the United States?
A. Wiskott-Aldrich syndrome
B. DiGeorge syndrome
C. Common variable immune deficiency
D. Selective immunoglobulin (Ig) A deficiency

4. Which is true regarding PIDD?
A. There are about 50 different established types of 

PIDD.
B. Patient clinical presentation is more prevalent in 

children and leads to early diagnosis.
C. Comorbid conditions are found at higher rates within 

patients with PIDD.
D. PIDD is acquired and considered the result of factors 

extrinsic to the immune system.

5. Which is a potential benefit of subcutaneous (SC) 
versus intravenous (IV) Ig?
A. SCIg can be given in large volumes compared with 

IVIg. 
B. Localized adverse effects (AEs) are less common 

compared with IVIg.
C. SCIg only needs to administered by a health care 

provider every month compared with every week with 
IVIg.

D. SCIg improves patient quality of life compared with 
IVIg.

6. Which is considered the mainstay of therapy for the 
treatment of a wide variety of PIDDs?
A. Gene therapy
B. Bone marrow transplant
C. Anti-infective therapy
D. Ig replacement therapy

7. Which is true regarding IVIg therapy?
A. More frequent treatment injections compared with 

SCIg
B.  Minimal fluctuation in IgG levels compared with SCIg
C. Historically considered the standard route of 

administration
D. Allows for patients to have greater independence

8. Which patient characteristic would influence a 
pharmacist to initiate SCIg over IVIg?
A. Patient prefers a therapy with fewer treatments per 

unit time
B. Extreme fear of needlesticks
C. Patient expresses a desire to learn how to self-infuse
D. History of chronic kidney disease

9. Which statement is most accurate regarding AEs from 
Ig replacement therapy?
A. All AEs from Ig replacement therapy are mild in nature.
B. Stop infusion or injection at first sign of AEs.
C. Systemic AEs are more likely with IVIg than with SCIg.
D. Local AEs are more likely with IVIg than with SCIg.

10. GS is a 37-year-old man with a past medical history 
relevant for common variable immune deficiency 
for which he receives Ig replacement therapy. He 
recently transitioned from IVIg to self-administered 
SCIg. Following the transition, he has reported greater 
satisfaction with treatment because it does not require 
him to drive 45 minutes each way to an outpatient 
infusion center. He has tolerated SCIg fairly well but 
asks what he could do about burning and discomfort 
localized at his injection sites. Which would be an 
appropriate recommendation?
A. Use of longer needles
B. Ensure adequate pre-hydration
C. Increasing the infusion rate
D. Apply cold compress


	C1_HSE1122_Cover
	HSENovAds2022



