Your pharmacy,
your way.
Health Mart® celebrates your independence. We’re
committed to providing the solutions and support that
enable you to grow your business, your way. Learn
how you can benefit from our best-in-class pharmacy
services, together with the strength of McKesson’s
distribution network.

WHY HEALTH MART,
WHY NOW?
Health Mart is committed to
your power to perform. Join
5,000+ Health Marts in the
largest nationwide network
of independent pharmacies.
We make it easy
We provide real value
We offer extra savings

LET’S TALK.
Ready to hear more?
866.329.0113 | join.healthmart.com

Health Mart is proud to be a member of the McKesson family, sharing in the collective industry knowledge and experience residing within all of the McKesson corporate affiliates. Since 1833, McKesson has
been committed to the success of independent pharmacies through the delivery of innovative programs
and reliable distribution services. Learn more at mckesson.com.
©2019 Health Mart Systems, Inc. All rights reserved. HM-480110-07-19

Your future is our future.
We take a listening approach to meeting your needs: you tell us
where you want to go and we’ll help you get there. With Cardinal
Health Community Pharmacy Advantage, you have access to
flexible, customizable business solutions that enable you to realize
your unique vision, expand your business and help the people in
your community live healthier lives.

Whatever the future brings, we have your back.

© 2019 Cardinal Health. All rights reserved. Cardinal Health LOGO, and Essential to Care
are trademarks or registered trademarks of Cardinal Health. Lit. No. 1RI15-435446 (10/2018)

Roger White
Director, Pharmacy Acquisition –
West Region
832.574.6985 mobile | 614.553.9794 fax
Roger.White@cardinalhealth.com

Daniel Rim
Director of Sales, Pacific South Region
562.965.2721 mobile
Daniel.Rim@cardinalhealth.com

Beyond the strip: Become your
community’s hub for diabetes care.
CMS

’ shift to value-based
care payment models
has created a billing opportunity for
Medicare-approved DMEPOS providers
and/or Medicare participating
pharmacies.
Typically, Medicare’s average
reimbursement for providing
Diabetes Self-Management Training
(DSMT) services is $391.44 per
patient. However, to bill for this service,
CMS requires that participating

providers be successfully accredited by
a Medicare-approved accreditation
organization.
No worries. The Compliance Team’s
industry-leading Exemplary Provider®
Award accreditation now includes a
track for DSMT that can be bundled
with our Medicare-approved
programs for DMEPOS and
community pharmacy; making it
easier than ever for you to become a
hub for diabetic care.

YEARS

1994-2019

Diabetes hub revenue
opportunities
DMEPOS/Rx Products & Services:
• Diabetes Self-Managment Training
• Glucose meters and strips
• Diabetic shoes and socks
• Insulin pumps
• Foot and skin care products
• Point of Care testing
• Immunizations
• Medication Therapy Management
For more information:
website: TheComplianceTeam.org,
email: info@TheComplianceTeam.org
call: (215) 654-9110

Medicare billing provider requirements: Must have a Pharmacist, Nurse, Dietitian or certified diabetic educator; Assess community needs for
diabetic education and structure of program; Evidence-based Curriculum; Individualized Care Plan; Individual and group training; Must be enrolled as
a Medicare provider thru Pharmacy or DME
*The Compliance Team, Inc. is approved by the Centers for Medicare and Medicaid Services to accredit Part A-Rural Health Clinic, Patient-Centered Medical Home, and
Part B-DMEPOS providers.

contents

ISSN 2573-2765

vol. 66, no. 4 Fall 2019
•

www. jcphp.com

18

6

executive editor letter
Reflections on Ten Years of Progress

7

letter from the editor
Transitions in California

11

Fred G. Weissman, PharmD, JD; Ettie Rosenberg,
PharmD, JD

Jon R. Roth, MS, CAE

Anandi Law, BPharm, MS, PhD, FAPhA, Editor-in-Chief;
Ken Thai, PharmD, CPhA President

patient care
Implementing Pharmacist-Led Patient
Home Visits
Kimberly C. McKeirnan, PharmD, BCACP; Kyle R.
Frazier, PharmD; Beau Keown, PharmD

Journal of Contemporary Pharmacy Practice (ISSN 2573-2757) is published quarterly
by: California Pharmacists Association (CPhA) © 2018 CPhA. All rights reserved.
4030 Lennane Drive, Sacramento, CA 95834
Phone: (916) 779-1400 | Fax: (916) 779-1401
www.jcphp.com
Journal of Contemporary Pharmacy Practice is a professional, peer-reviewed journal
devoted to informing pharmacists and enabling them to better serve the health and welfare
of their patients. Articles express the opinions of the authors and do not necessarily reflect
the view or policies of CPhA. Nothing in this publication may be reproduced in any manner,
either in whole or in part, without specific written permission of the publisher.
Journal of Contemporary Pharmacy Practice is distributed as a regular membership
service, paid for through allocation of membership dues. Subscription rate is $100 per
year. Periodicals postage paid in Sacramento, California and at additional mailing offices.
Postmaster, send address changes to:
California Pharamcists Association
Attn: Journal of Contemporary Pharmacy Practice
4030 Lennane Drive, Sacramento, CA 95834

law update
Avoiding Common Legal Issues
Confronted in Pharmacy Practice:
Evaluating Prescriptions with PRN Wording
and Calling for Refills

22

review
Baloxavir Marboxil: A New Antiviral for
Acute Influenza

33

review
Extended Reality in Patient Care and
Pharmacy Practice: A Viewpoint

Stephen Selvanayagam, PharmD; Amy Kang, PharmD;
David R. Ha, PharmD, BCIDP

Jody K. Takemoto, PhD; Rachel A. Bratteli, PharmD,
BCACP; Brittany L. Parmentier, PharmD, BCPS, BCPP;
Thayer A. Merritt, BS; Leanne Coyne, PhD

connect
social @jcpharmpractice
contact info@jcphp.com
learn
www.jcphp.com

contribute

Submit an article or peer review.
Register at jcphp.com/contribute

Publisher assumes no responsibility for unsolicited material.

Journal of Contemporary Pharmacy Practice | vol. 66, no. 4 | www.jcphp.com

5

executive editor letter

Reflections on Ten Years of Progress
Life is not just the passing of time. Life is the collection of
experiences and their intensity.
		

– Jim Rohn

It is difficult for me to comprehend the fact that this will be my last
editorial for the Journal of Contemporary Pharmacy Practice (JCPhP). As
many of you may know, I accepted a new position as the Chief Executive
Officer for the Dallas County Medical Society and am departing
California Pharmacists Association (CPhA) after ten years of service to
pursue that new adventure as of January 2020.
As I think about the many opportunities and challenges that have come
to the practice of pharmacy over the past ten years, I am struck by the
awesome commitment made by the many dedicated professionals
I have had the privilege to work alongside as we advocated and advanced the pharmacy
profession in California. In retrospect, when I first arrived at CPhA in 2010, the profession was
predominately still a product-based model where pharmacists served their patients by safely
dispensing medicine and were compensated based on a small margin and modest dispensing
fee. I distinctly recall conversations with leaders in the profession about a brewing storm on the
horizon that would lead to dark days for pharmacies as margins and dispensing fees continued
to be winnowed away by health plans and pharmacy benefit managers.
That looming crisis provided a critical platform for a call to action, where a reinvigorated
association led by outstanding volunteers and a new professional staff would take up the mantel
of a bold and audacious plan to open new opportunities for pharmacists to operate at the top of
their license.
Coupled with this shift in the business of pharmacy, one of the opportunities I perceived when
evaluating the CPhA position was the increased role that pharmacists would play in the health
care delivery system. At the time, the Affordable Care Act (ACA) was being hotly debated
and moving through Congress with vigor. It became clear, as the ACA was enacted into law
and millions of additional people received insurance, that there were insufficient health care
providers to care for the population. We simply could not graduate physicians or open clinics
quickly enough to take care of the newly insured. Enter pharmacists.
With these political and economic backdrops unfolding, in 2012, CPhA took its most aggressive and
progressive steps at expanding the role and economic future of the pharmacists with a statewide
legislative measure affectionately called Senate Bill 493, authored by Senator Hernandez. This
legislation would go on to become a national model, replicated in various ways among nearly every
state and even federally. It was the honor of my life to have received recognition from the U.S.
Surgeon General himself for efforts at innovating health care and increasing access to quality care.
This legislation paved the way for pharmacists to provide patient care services beyond dispensing
medicine, and equally as important, provided a method of payment for those services through the
Medicaid program and in direct contracting with health plans and self-insured employers.
Since that time, CPhA has continued to evolve the practice of pharmacy with additional
legislative measures that have opened additional scope of practice and business models for
innovative pharmacies to pursue. Those that have done so have averted the storm of no margins
and de minimis dispensing fees. Those pioneering pharmacists have reinvented themselves and
their practices are thriving by serving their communities with important and impactful patient
care services. I encourage all pharmacists to continue pushing the boundaries for how you can
care for you patients in innovative and creative ways.
Finally, I would like to thank you, the members, our many stakeholders, and academic partners,
for your support over the past ten years. It has truly been a joy to serve as your CEO. I hope that
my service to the organization has helped in some small way to move the needle in promoting
the health of the public through pharmacist care.

Jon R. Roth, MS, CAE
Executive Editor
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letter from the editor

Transitions in California
The only constant in life is change.
		

– Heraclitus

Ten minutes after I had put the phone down from speaking with Jon Roth and accepting the
Editor-in-Chief position, I opened the email that announced his resignation! That change I wasn’t
prepared for. Jon has been an amazing CEO for CPhA; his ten-year tenure saw so many changes,
most of them positive. And he has been instrumental for many of these at the legislative level,
at the association level, and for the profession of pharmacy. His strong and firm stance on
professional issues under his polished, soft-spoken demeanor and ability to speak to anyone at
their level helped CPhA and the profession achieve so much from SB 493 to AB 1114! He has also
been the backbone for this Journal, which comes out of CPhA! Thank you for your service to CPhA
and this Journal, Jon. You will be missed! Good luck in your new venture!
Jon leaves us as the profession experiences some changing and challenging times, especially in California. We are all
well aware of the impact of DIR and slowing reimbursements. CPESN-CA is trying to springboard on the energy it has
created in order to “flip the pharmacy” focus from dispensing to clinical patient care. We are all watching to see what
new disruption Amazon brings to medication distribution, pharmacy practice, and healthcare. Governor Gavin Newsom is
experimenting with a return to our previous state-run Medicaid model, moving away from the current Medicaid Managed
Care.
Every challenge is an opportunity for improvement! We await the arrival of our new CEO and look forward to their
leadership into the new decade, building off the great work of Jon Roth. This is also the time for the Journal to be true
to its name and showcase contemporary pharmacy practice within the healthcare setting. I encourage my colleagues in
practice, education, and research to send in their manuscripts exploring, enquiring, examining, explaining, and expanding
the profession’s role and its impact on patient care, practice, and policy.
I look forward to meeting all members of the Editorial Advisory Board at the annual retreat planned for March 2020.
•
•
•
•

To roll out a new Strategic Plan for the Journal – brainstorming and branding it, to take the foundation built by
my predecessor, Dr. Karl Hess (also a former faculty at my institution), to the next level, to add and embellish its
structure and process.
To grow and establish the Journal to a high quality, PubMed Central-indexed publication.
To maintain its solid grounding in California roots while still expanding it to a national focus.
To seal its niche in emerging and evolving pharmacy practice and keeping it current with the times.

All with the help and support of the wonderful editorial team of Erica Teal and Sheila Johnston.
I hope we accomplish all this and more, and move forward CPhA’s flagship to new heights.
In all my years in academic administration, I have recognized the value of input from all stakeholders, including our next
generation - our students, who bring in bright new ideas and infuse their energy into our profession. I welcome views and
ideas from all perspectives to help the Journal in its forward movement.
Anandi Law, BPharm, MS, PhD, FAPhA
Editor-in-Chief
Endorsed by Ken Thai, PharmD, CPhA President
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California Poppy Super Bloom 2019
Jack Chen, PharmD, FASCP, FCCP, BCPS, BCGP, APh
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patient care

Implementing Pharmacist-Led Patient Home Visits
Kimberly C. McKeirnan, PharmD, BCACP; Kyle R. Frazier, PharmD; Beau Keown, PharmD

Abstract
Introduction
Patients with chronic diseases such as hypertension and
diabetes often experience difficulties managing complex
medication regimens. A promising method for identifying
and addressing medication-related problems is pharmacist
provision of patient home visits. Pharmacist home visits
could alleviate the burden on both patients and providers
for the purposes of maintenance medication and goalachievement assessment.

Methods
A pharmacist home visit program was developed utilizing
social workers to identify patients who would most benefit
from a pharmacist home visit. The two pharmacists met
with these patients in their homes to evaluate their current
medication regimens, adherence, medical condition
status, and potential drug-related problems (DRPs). Upon
conclusion of the home visit, the pharmacists provided a
summary of findings and proposed solutions for identified
drug related problems to the patient’s primary care
provider.

Results
Fourteen patients participated in pharmacist-provided
home visits. During these home visits, 98 unique DRPs
were identified. Drug-related problems were grouped into
four categories: adherence (n=26, 27%), effectiveness
(n=25, 26%), indication (n=24, 24%), and safety (n=23,
23%). Between the initial visit and the final visit, there was a
resolution of 25 (26%) drug related problems.

Conclusion
This project demonstrated a novel referral pathway for
identifying patients to participate in pharmacist-led home
visits. By providing patient home visits, pharmacists were
able to identify and resolve some drug-related problems,
but many problems remain unresolved due, in large part, to
lack of provider engagement.

Keywords
patie nt home visits; clinic a l p ha r m acy se r vic e s;
hypertension; diabetes.

Introduction
Chronic disease states such as hyper tension and
diabetes continue to be prevalent in the United States.
In the United States, 45.6% of adults have hypertension.
(1)
Of these patients, only 47% have achieved control,
defined as a systolic blood pressure of <130 mmHg and/or
a diastolic blood pressure of <80 mmHg.(1)(2) Uncontrolled
hypertension increases the risk of cardiovascular disease
and stroke, which continue to be among the leading
causes of death within the United States.(3) 9.4% of the
U.S. population and 25.2% of seniors have been diagnosed
with diabetes. (4) According to the American Diabetes

Association, diabetes was ranked the seventh leading
cause of death in the United States in 2015, with more than
79,000 death certificates listing diabetes as the underlying
cause.(4)
Patients with chronic diseases such as hypertension
and diabetes often experience difficulties managing
complex medication regimens.(5) The probability of drugrelated problems (DRPs), such as drug interactions and
adherence issues, is strongly associated with the number
of medications used. (6) Inappropriate medication use
is also associated with higher rates of hospitalization.
(7 )
Beyond medication-related issues, patients with
chronic diseases often require more frequent follow-up
appointments to achieve desired outcomes of efficacy
and tolerability. Follow-up has been positively influenced
by pharmacist interventions.(8) Isetts et al. demonstrated
that a first pharmaceutical care visit led to 74% of patients’
therapeutic goals being met, while 89% of goals were met
at the time of the last visit.(8)
Patients with chronic diseases such as diabetes and
hypertension may have impaired access to care, impeded
by location, disability, and provider availability. Patients
who live farther away from their physicians will likely have a
more difficult time seeking care and making appointments.
(9)(10)
A promising method for improving access to care while
identifying and addressing medication-related problems is
pharmacist provision of patient home visits.(7)(11) Pharmacist
home visits could alleviate the burden on both patients and
providers for the purposes of maintenance medication and
goal-achievement assessment.
Clinicians from a home health care agency indicated
on-site consultant pharmacists are a valuable par t
of the home visit team.(12) A 2016 study by Clark et al.
demonstrated home health clinicians consulted with
pharmacists to perform home visits primarily for pain
management and checking for drug interactions and side
effects.(12) Pharmacist home visits have also had a positive
impact on patients with hypertension. Pharmacist in-home
interventions led to a statistically significant decrease
in systolic blood pressure, medication adherence, selfmonitoring of blood pressure, and patient knowledge about
hypertension.(13)
Pharmacist-led home visits have been implemented during
transitions of care in an effort to reduce readmission rates.
A small study of 10 patients with heart failure showed
a reduction in 30-day hospital readmission rates and
improved medication adherence after a home visit from a
community pharmacy resident.(14) A larger readmission rate
study showed that pharmacist home visits did not have an
impact on reduction of inpatient or urgent care visits, but
95% of participants believed the program helped them to
stay healthy at home.
While home visits show promise, creating infrastructure
for pharmacists to conduct patient home visits can be
challenging. A large-scale study conducted by Monte et
al. describes challenges faced by a community pharmacy
home visit delivery service, including costs of pharmacist
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time to complete the home visit and travel time.(15) However,
the same study identifies important benefits of having a
pharmacist in the home, such as accurate identification
of prescription, over-the-counter (OTC), and alternative
medications; providing patient education in a setting that
may be more conducive to educating family members
or caregivers; and an opportunity for the pharmacist to
assess the actual state of the patient’s living conditions.(15)
Although previous studies demonstrate the value of
utilizing pharmacists to provide home visits, the traditional
referral pathway engages patients currently seeking care
from a community pharmacy, medical clinic, or hospital.
(12-15)
Patients are already engaged with the health care
system before the pharmacist intervenes in the home. This
study suggests using a novel referral pathway involving
social workers to engage rural patients who may have
limited interaction with health care providers and difficulty
accessing care. The objectives of this research are to 1)
describe a program utilizing social workers to identify
patients to participate in a pharmacist home visit; and
2) evaluate the effectiveness of this program through
assessing the number and severity of drug-related
problems identified and resolved during patient home
visits.

Methods
The nonprofit agency in rural eastern Washington state
requested proposals for new methods to identify highrisk patients who were not accessing the appropriate
health care services. Faculty from the Washington State
University College of Pharmacy and Pharmaceutical
Sciences received a grant for a project to improve
the health of rural patients ages 50 and over through
developing a nontraditional community referral pathway.
A project steering committee was formed with the goal
of implementing pharmacist-led home visits for high-risk
patients. The committee believed social workers would
be able to help identify patients who were not accessing
medical care appropriately and were not reaching diseasespecific goals.
Social workers at a local rural agency receive funding
from the Health Homes program to provide home visits
to Medicaid beneficiaries with chronic conditions.(16) The
project steering committee believed utilizing social workers
to identify patients from among the Health Homes patient
population would be a novel community referral pathway.
A relationship was established with the social worker
agency. In order to determine which patients to engage
for the project, social workers who regularly conducted
home visits from the local agency participated in a twohour training session about identifying patients who
may be experiencing medication-related problems.
The training session was developed by two pharmacy
faculty members. One pharmacist was board certified in
ambulatory care with community practice experience, and
the other pharmacist was a newly licensed resident under
the supervision of the aforementioned pharmacist. The
training session content included a description of common
high-risk medications, symptoms that may indicate the
occurrence of a medication side effect, and a description
of how the pharmacists planned to conduct the home visits
so the social workers would know what types of services
would be provided.
After the training session, the social workers identified
patients of concern. The social workers had a strong,
established relationship with their patients and in many

12

cases had visited the patients’ homes multiple times each
month for several years. Potential participants were offered
the opportunity to enroll in the study and have a pharmacist
conduct a home visit to discuss medications, adherence,
and lifestyle. After potential par ticipants signed an
institutional review board–approved consent form, health
information was provided to the pharmacist team for review
of eligibility. Inclusion criteria were set as having been
previously diagnosed with at least two chronic medical
conditions, which must include diabetes, hypertension, or
both, with at least one of these conditions not being treated
to goal levels.(17)(18) Additionally, the funding agency required
all participants to be age 50 or over to meet the mission
of the nonprofit agency. Due to their involvement in the
Health Homes program, the patients were also known to be
low income, and their prescription costs were covered by
Medicaid. This study protocol was reviewed and approved
by the Washington State University Office of Research
Assurances (IRB #15717).
Between March and June 2017, the two faculty pharmacists
and one social worker conducted initial patient home
visits. Home visit appointments were coordinated by the
social worker and anticipated to last between 30 and 60
minutes. The team met with these patients in their homes
to evaluate their current medication regimens, adherence,
medical condition status, and diet and exercise routines
and to discuss potential drug-related problems (DRPs).
Blood pressure and blood glucose readings were taken if
appropriate based on the patient’s medical conditions. One of
the pharmacists also performed a medication reconciliation to
verify all of the prescription and OTC products the patient had
on hand matched the prescription list.
After each visit, the pharmacists would evaluate and
discuss the patient’s health, consult literature if necessary,
identify opportunities for patient education, and determine
if the patient’s primary care physician should be contacted.
A SOAP (Subjective, Objective, Assessment, Plan) note was
drafted to document the activities and results of each visit.
Af ter each initial home visit, one pharmacist (KF )
conducted a follow-up phone call with each patient to
provide a summary of findings and proposed solutions.
The follow-up calls lasted between 15 and 30 minutes
each. When appropriate, patients were encouraged to
make choices about therapy options as well as the mode
of communication with their providers. These choices were
intended to optimize adherence and empower patients.
The pharmacists provided recommendations to primary
care providers in the form of SOAP notes faxed directly to
the provider, via telephone communication, and/or in the
form of a paper copy for the patient to take to an upcoming
appointment. Recommendations included identified drugrelated problems, suggestions for medication changes,
and patient education performed. In the event that more
emergent contact was needed, a pharmacist would call
and speak with the provider directly. The two pharmacists
continued to follow these patients for six months, providing
follow-up calls at bimonthly intervals or more often if needed.
The pharmacists also classified the DRPs identified during
the project using a classification system modeled after
systems in current literature. (19)(20) DRPs were initially
identified by one pharmacist (KF) and checked by the
second pharmacist (KM). Discrepancies were addressed
by discussion after reviewing classification criteria. DRPs
were categorized based on severity level ranging from level
1 (mild) to level 6 (severe). Table 1 describes the severity
levels for classifying DRPs and the anticipated intervention
planned for resolution.
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Results
There were a total of 16 participants identified by social
workers to participate in pharmacist-provided home visits.
After reviewing the patient records of these 16 individuals,
one patient was hospitalized before a home visit could be
conducted, and one was removed from the study since
it was determined she was reaching her blood pressure
goal per the JNC 8 guidelines and did not have diabetes.
Demographics are included in Table 2. Each participant had
an initial visit, between one and three follow-up phone visits,
and a final phone visit over a six-month period. During these
home visits, 98 unique DRPs were identified. On average,
there were seven problems per patient. The vast majority of
the drug-related problems (n=90, 92%) were considered to
have a moderate severity of level 3 or less, leaving a small
but significant number of problems categorized with an
urgent severity of level 4 or more (n=8, 8%).

Drug-related problems were grouped into four categories,
adherence (n=26, 27%), effectiveness (n=25, 26%),
indication (n=24, 24%), and safety (n=23, 23%), and were
further divided into subcategories as shown in Table 3.
Of the 26 adherence-related DRPs identified, patients
forgetting to take their medications accounted for the
majority (n=14, 54%). There were 25 total effectiveness
drug problems identified, and having a dose that was
too low accounted for the highest number of problems
in this category (n=9, 36%). Of 24 drug-related problems
associated with indication, the need for additional therapy
was the most significant finding (n=15, 63%). Finally, there
were 23 safety DRPs identified, with drug interactions in
the highest subsection in this category (n=10, 43%).
Between the initial visit and the final visit, there was a
resolution of 25 (26%) drug-related problems. These
resolutions are summarized in Table 4, with indication
accounting for the biggest impact (n=10, 42%).

Table 1. Severity levels for drug-related problems

Table 2. Participant demographics.

Discussion
This research demonstrated a new model for identifying
patients who may be experiencing DRPs and in need of
pharmacist intervention. In previous studies of pharmacistled home visits, the patients were identified and referred by
physicians, home health care agency medical staff, or the
pharmacists themselves. However, these pathways only work
for patients who are already accessing medical care and
may not work for rural patients who have challenges finding
providers. Additionally, providers and pharmacists in rural
areas are often overworked due to provider shortages, and
many have limited financial resources to undertake home
visit services. If expanded, the social worker referral model
may be a beneficial way of identifying patients who are not
currently accessing medical services on a regular basis.
However, several challenges arose that need to be addressed
before this work moves forward. The first issue came in the
form of provider engagement. The two pharmacists who
were conducting the home visits were not known by the
medical providers in the area. This led to a lack of provider
engagement. The pharmacists sent multiple SOAP notes and
requests for follow-up to the providers after the DRPs were
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Table 3. Identified drug-related problems.

identified. Messages were sent via email, fax, or postal mail,
and the pharmacists sent requests for phone discussions,
but many of the providers did not respond to any of these
methods of communication. In some cases, the pharmacists’
recommendations were printed and given to a patient to take to
his or her next medical appointment, which did increase uptake.
Provider engagement may not be a challenge for pharmacists
who already have established relationships with local clinicians,
but for our project, it was a major issue.
While the pharmacists were pleased with the DRPs that were
addressed and the resulting improvement in quality of life for the
patients, a larger impact on DRPs would have been preferred.
Previous research conducted during the needs assessment of
this project indicated that patients were supportive of having
pharmacists meet with them but that physician trust and
engagement in the decision-making process was also a key
factor in willingness to implement recommendations from a
pharmacist.(21) In the next iteration of this project, provider
engagement will be established prior to enrolling patients.

Limitations
There are limitations to this work. This project was conducted
in one geographic area in a rural part of Washington state.
Further research in diverse geographic areas is needed to make
the results generalizable to a larger population. Additionally,
results from this work may not be applicable to urban areas or
locations where the majority of patients already have access to
health care services.
This model utilized social workers to identify potential
participants. While the social workers in this project did well
at identifying patients who met the inclusion criteria, the social
workers participated in a pharmacist-led training session
and had a well-established relationship with their patients.
Social workers who have not been trained or have high patient
turnover may not be as successful.
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Table 4. Resolution of drug-related problems.

In Washington state, pharmacists are recognized with
provider status, so creating a model that may lead to future
reimbursement that is feasible in this state may be less
sustainable in states where billing as a provider is not an option.
This project demonstrated reduction of drug-related problems
for the patient involved, but the results were not as profound
as the research team would have liked. One major barrier
during this project was the lack of relationship between the
pharmacists and local medical providers. Conducting future
research with pharmacists who have already established a
positive, trusting relationship with local providers may produce
better results.

Conclusion
Patients with multiple medical conditions often face
challenges accessing health care in rural areas. This project
demonstrated a novel referral pathway for utilizing social
workers to identify patients experiencing drug-related
problems to participate in pharmacist-led home visits. Our
long-term goal is to develop a sustainable model where
patients are referred to a pharmacist by a social worker for
comprehensive medication reviews and chronic disease
state management through home visits. By providing patient
home visits, pharmacists were able to identify and resolve
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some drug-related problems, but many problems remain
unresolved due, in large part, to lack of provider engagement.
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Avoiding Common Legal Issues Confronted in
Pharmacy Practice: Evaluating Prescriptions
with PRN Wording and Calling for Refills
Fred G. Weissman, PharmD, JD; Ettie Rosenberg, PharmD, JD

Abstract
Communit y pharmacists are cited and/or fined at
an alarming rate. Pharmacists can also be charged by
the California (CA) Attorney General (AG) or the Board
of Pharmacy (BOP) for more severe violations of law
and/or professional practice standards, in the form of
an Accusation, the administrative equivalent of a civil
“complaint.” This article presents a concise review of two
pharmacy practice scenarios involving adjudication of refills
with implications for practice violations and attempts to
clarify best practices in order to meet the expectations of
the BOP and avoid problems with a BOP inspection. The
scenarios discussed here cover: 1) Use of “as needed”
(prn) wording in a prescription (whether in the directions
for use or refill context); and 2) Refills of routine and
controlled substance prescriptions called in by a pharmacy
technician or pharmacy clerk. The authors’ identification
of best practices in these refill contexts aims to enhance
pharmacists’ understanding of pharmacy law in order to
ensure maximum compliance.

Introduction
Communit y pharmacists are cited and/or fined at
an alarming rate. Pharmacists can also be charged by
the California (CA) Attorney General (AG) or the Board
of Pharmacy (BOP) for more severe violations of law
and/or professional practice standards, in the form of
an Accusation, the administrative equivalent of a civil
“complaint.” Many “cites and fines” reported, and even
charges levied by Accusations, whether from the AG, or
the BOP, might easily be avoided if community pharmacists
were more familiar with the laws and practices commonly
scrutinized by Board inspectors.
Of ten, Board inspections in communit y pharmacy
arise in response to a specific complaint received from
a patient, a prescriber, or even a pharmacy employee.
Board inspectors routinely follow up on such complaints,
and when investigating allegations in the complaint, they
seek to determine if a violation indeed occurred. However,
while the original complaint may involve a specific act or
incident, an inspector responding to a complaint often
works from a standard checklist, to allow for methodical
investigation and for a determination about whether other
potential violations may exist separate and distinct from the
allegation in the original complaint.
Most practicing pharmacists do have a reasonable grasp
of the laws and regulations affecting pharmacy practice,
and can identify what action may or may not constitute
a violation. Nonetheless, it is realistically impossible for
one individual to keep up with the intricate nuances of
every rule. Recognizing the importance of ensuring that
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California pharmacists have an up-to-date and working
understanding of pharmacy laws and regulations, the
California Board of Pharmacy (BOP) recently amended
California Code of Regulations (CCR) Section §1732.5 (b),
which addresses pharmacist license renewal requirements.
(1)
The revised Section 1732.5 (b) took effect July 1, 2019, to
allow for development of the two one-hour modules and for
all pharmacists to have two years to complete them:
“At least two (2) of the thirty (30) hours required
for pharmacist license renewal shall be completed
by participation in a Board provided CE course
in Law and Ethics. Pharmacists renewing their
licenses which expire on or after July 1, 2019,
shall be subject to the requirements of this
subdivision.”(1)
The requirement applies to pharmacists whose licenses
expire on or after July 1, 2019. Notably, the Board will
provide the required two hours of CE on laws and ethics
at no charge by means of a video webinar available on the
BOP website.(1) In doing so, the Board expects to educate
California pharmacists on the most current information on
new laws being implemented, as well as in the areas of
pharmacy law and practice that routinely result in citations
of pharmacists for violations.(1)
This article presents a concise review of two pharmacy
practice scenarios involving adjudication of refills with
implications for practice violations and attempts to clarify
best practices in order to meet the expectations of the
BOP and to avoid problems with a BOP inspection. These
scenarios encompass: 1) Use of “as needed” (prn) wording
in a prescription (whether in the directions for use or refill
context); and 2) Refills of routine and controlled substance
prescriptions called in by a pharmacy technician or
pharmacy clerk.

Use of “As Needed” (prn) Wording
for Refills or in Directions for Use
In 1995, the BOP published a California Attorney General
(AG) Opinion focused on prescriber use of “as needed”
or “prn” wording to designate the number of refills
authorized on a prescription in its quarterly newsletter,
The Script.(2) By publishing the AG Opinion in The Script,
BOP highlighted a conceptual legal gap not addressed
in any official pharmacy law or regulation, namely, the
period of validity for a routine prescription.(2) In effect,
the BOP used The Script as a substitute platform by
which to educate pharmacists on the period of time a
prescription is considered valid. To understand this legal
nuance, some additional discussion is necessary before
evaluating prescription language that explicitly incorporates
“as needed” or “prn” refills.
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First, it is essential to review a bedrock principle in the
law that describes refill of a prescription for a dangerous
drug or device requiring a prescriber authorization, which
Californai Business & Professions Code Section 4063,
provides:
“No prescription for any dangerous drug or
dangerous device may be refilled except upon
authorization of the prescriber orally or at the
time of giving the original prescription…. No
prescription for any dangerous drug that is a
controlled substance may be designated “refillable
as needed.”(3)
Section 4063 dictates that whether the prescriber
designated the number of refills authorized on the
original prescription is what determines whether or not a
prescription for a non-controlled substance (dangerous
drug) may be refilled. Curiously, however, the period of
validity for a routine prescription is not defined in the
language of Section 4063, nor does any other law or
regulation define or expressly prescribe it, which leaves
an unusual regulatory gap for interpretation.(3) Further,
this gap begs for answers to a number of questions:
Who or what agency must interpret a contextual gap in a
regulation? How does a pharmacist know the length of time
a prescription is valid? Where is that information found?
Basically, interpretation of a statute or of a regulation
i s u nive r s a ll y re c o g nize d a s a q u e sti o n of l a w.
Notwithstanding that since the BOP is an administrative
agency, its interpretation of a statute passed by the
California legislature or of its own regulation (e.g., Section
4063) commands substantial weight, ultimately, “resolution
of a legal question rests with the courts.”(4) That said, short
of a lawsuit to interpret the language and intent of a statue
or a regulation, which is resolved only by a final court
decision, the BOP would submit a question of law to the
California Attorney General (AG) for consideration and the
AG would research the gap and offer a written opinion,
which would serve as a guideline. The AG is “authorized to
give opinions on questions of law to legislators, heads of
state agencies, district attorneys, county counsels, sheriffs,
and to city attorneys in their prosecutorial capacities.”(5)
An AG Opinion is defined as an opinion written by a state
attorney general interpreting a legal provision (statute or
regulation). As a written interpretation of existing law, an AG
Opinion is advisory only; i.e., it does not create new law or
correct unintended, undesirable effects of a law. The nature
of an AG Opinion essentially means: 1) It is not binding
(does not have the force or effect of law); 2) Its scope of
application is strictly limited to the facts presented by the
official initiating the request for the opinion; and 3) It can
be changed by the AG, or recalled due to subsequent court
decisions and/or legislative enactments.
Thus, in the above manner, the BOP requested the AG
Opinion on the period of validity for a routine prescription.
Specifically, the AG Opinion provided that based upon
a pharmacist’s professional judgment, routine (noncontrolled) prescriptions may be refilled only for up to
one year, if a prescriber designated “prn” for the number
of refills authorized. For all intents and purposes, the
AG essentially defined the period of validity for a routine
prescription as one year. The BOP published the Opinion
in The Script (1995) expressly for the purpose of “closing
the gap” left by Section 4063 and to inform and educate
pharmacists that a prescription should be considered valid
only up to one year. Since then, the one-year rule has been
adopted as a standard of pharmacy practice.

Evaluation of a routine prescription which authorizes “as
needed” or “prn” refills is informed and guided by the AG
advisory opinion providing that a routine prescription is
valid for up to one year.(2) Even if an original prescription
is written “refill prn,” a pharmacist may only refill such a
prescription for up to one year (within the one-year period)
before the pharmacist is required to contact the prescriber
(in order to authorize it as an entirely new prescription).3
However, the same permissive language does not apply
to C-III, C-IV or C-V prescriptions, for which a “prn refill”
designation is not acceptable.(3) While the law requires the
prescriber’s signature and the prescription issue date to
be in the prescriber’s handwriting for C-III through C-V
prescriptions, the specific number of refills may be written
by a designated associate preparing the prescription
or printing it out, or alternatively, the number of refills
may be written on C-III through C-V prescriptions by the
pharmacist after confirming the number of authorized refills
with the prescriber.(3) When a pharmacist receives a C-III
through C-V prescription with a “prn” refill designation, the
original prescription may be filled only once, and for any
refill thereafter, the pharmacist must contact the prescriber
to verify the number of refills authorized, and insert that
specific number in the refill column.(4)
A different approach applies to refilling a prescription for
an otherwise routine (non-controlled) medication where
directions for use are written as “prn.”(6) For example, in the
case of a routine (non-controlled) prescription that states
“take one tablet prn,” refills may be allowed, assuming
of course that the pharmacist can consult the patient to
confirm that they understand how to take the medication,
and how often.(6) On the other hand, a C-II, III, IV, or V
controlled substance with the directions “take one tablet
prn” would be legally inadequate, impermissible to fill or
refill. Moreover, as a standard of practice, “take one tablet
prn” provides inadequate directions, even if the patient
understands how to take the medication and how often.
(7)
In general, a pharmacist must confirm the frequency
and conditions for use of a controlled substance with the
prescriber, and include that information on the prescription
(e.g., “Take one tablet every 4 hours for pain if needed”)
when dispensed. Notably, information on the frequency
and conditions for use of a C-II through C-V controlled
substance is critical to determining patient compliance
with the prescriber’s directions for use and also assessing
appropriate frequency of refills. That is, frequency and
directions for use are critical information to a C-II through
C-V prescription, in order that a pharmacist can determine
whether or not it is appropriate in the pharmacist’s
professional judgment to refill the prescription upon
subsequent refill requests.
In summary, to refill a prescription, first determine if it is a
legend drug (routine prescription) or controlled substance,
and then follow the relevant steps below:
A.

For legend drug (routine prescription):
1.

Must be less than one year from original issue
date. If original prescription is more than
one year old, submit prescription request to
prescriber, but must treat provider response
as a new prescription;

2.

I f n o r e f i l l i s a u t h o r i ze d o n o r i g i n a l
prescription, contact the prescriber for refill
request; prescriber response may be received
by pharmacist, intern pharmacist, technician,
or clerk for a prescription less than one year
from original issue date;
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3.

B.

C.

If original prescription authorized refills
(including PRN refills), refill as long as timing
is appropriate for refill. If all of the refills have
been used on a prescription within the oneyear period, a technician or clerk may still call
for additional refills up to the one-year time
limit.

For C-III through C-V prescriptions, may refill
prescription, if:
1.

Less than six (6) months from issue date of
original prescription;

2.

No more than total of five refills; and

3.

Total refill quantity does not exceed 120 days
total (120 days does not include the original
prescription fill).

C-II prescriptions (special rules apply)
1.

Not refillable

2.

Consecutive partial fills are allowed up to
the full quantity written within 30 days of first
partial dispensing

Calling for Refills by Pharmacy
Technicians and Pharmacy Clerks

In summary, in order to fulfill a patient request to continue
(refill) a prescription medication where a prescription refill
is not legally permissible, the prescription must be rewritten
and treated as a “new” prescription by a pharmacist or a
pharmacy intern if:
A.

The prescription is for a routine prescription
medication, and either has no additional refills left
or is over a year old;

B.

The prescription is for a C-III, C-IV or C-V
controlled substance, and:
1.

The original prescription is more than 6
months old (since date written);

2.

All five refills have been filled (no refills
remaining); or

3.

The total refills provided will exceed a 120-day
(4-month) supply.

Whether an order is for a routine (non-controlled) or
controlled prescription medication, it is important to
remember that once a prescription does not fall within
lawful parameters for a refill (described above), a new
prescription blank is required to generate the new
prescription.(9)(10)(11)

Conclusion

Under the law, whether a licensed pharmacy technician or
a non-licensed pharmacy clerk may receive prescription
refill information over the phone from a patient is left to
the discretion of the pharmacist.(8) Under the supervision
of a registered pharmacist, a pharmacy technician or
other non-licensed personnel, such as a pharmacy clerk,
may also request and receive refill authorizations for nonscheduled as well as controlled substance prescription
medications from a prescriber’s office.(8) With respect to
routine (non-controlled) prescriptions and C-III, C-IV and
C-V prescriptions of record, either a pharmacy technician
or a pharmacy clerk may obtain refill authorization from
a prescriber’s office.(8) However, there are circumstances
under which a prescription may not fall within lawful
parameters to refill (described below), and only a
pharmacist or a pharmacy intern may initiate the request
for authorization and/or receive the authorization to fill from
a prescriber’s office.

Each year critical laws affecting pharmacy practice are
newly implemented. Pharmacists can find it difficult to
keep up with the new laws, and seldom have opportunity
to review older laws that may affect their daily practice.
These realities can expose pharmacists practicing for
a considerable time, who may not realize that practices
adopted a long time ago, or previous interpretations of
existing law, may run contrary to the BOP expectations
or wording of a current or new law. Even a conscientious
practitioner may be surprised when a BOP inspector points
out that one or another practice or policy runs afoul of BOP
expectations and/or is not in the best interest of patient
care. The authors attempted to address two pharmacy
practice scenarios involving adjudication of refills with
implications for practice violations and to summarize
best practices with the goal of improving pharmacists’
understanding of nuances in California pharmacy law and
maximizing BOP compliance.

Permissible refill parameters exist for both routine (noncontrolled) and controlled substance prescriptions in
C-III, C-IV, and C-V. For routine prescription medications,
an entirely new prescription form is required, and a
new prescription must be created where a refill request
proposes any “change in the drug, strength, prescriber
or directions for use, unless a complete record of all such
changes is otherwise maintained.”(9) Additionally, for routine
prescriptions, if the original prescription is more than a year
old, irrespective of the number of refills remaining, a new
prescription must be obtained by either a pharmacist or a
pharmacy intern.(9) Further legal restrictions are imposed
on refills for C-III through C-V prescriptions, which prohibit
a pharmacist from (a) dispensing or refilling a C-III through
C-V prescription more than six (6) months after the date of
the original prescription;(9) or (b) refilling a C-III through C-V
prescription more than five (5) times; and (c) refilling no more
than an amount totaling a 120-day (4-month) supply for all
refills of that prescription taken together.(10) The rule under
Section 11200 can be summarized by a simple mnemonic: “6
months, 5 refills, 4-month supply,” or, for ease of reference,
simply as the “6-5-4” rule.(10) Absolutely no prescription for a
C-II controlled substance can be refilled at all.(11)
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Abstract

on the real world, but it also has the added feature of being
able to recognize and interact with the real world.

The evolution of technology has given practitioners and
educators more tools to better treat, manage, and educate
both patients and future pharmacists. The objective of
this viewpoint publication is to describe the current use
of extended reality (XR) in pharmacy and propose ways
in which pharmacy practice and education may benefit
from incorporation of this technology. While these tools
have been used for decades by many other professions,
pharmacy is starting to adopt XR in professional and
educational practice. XR (virtual reality, mixed reality, and
augmented reality) is being used in various aspects of
pharmacy care and education, such as pain management,
diabetes self-care, cross-checking of prescriptions,
treatments for addiction, and (in limited ways) patient and
pharmacy education. There is great potential for further
integration of XR into pharmacy practice and pharmacy
education to ultimately improve patient care and education
as well as pharmacy education.

XR has long technological roots, tracing back to 1839 with
the creation of stereoscopic photos and viewers.(2) This
technology is dependent on the brain’s ability to process
separate two-dimensional images into a single threedimensional image. XR has continued to evolve over the
past 180 years, and we are on the precipice of experiencing
complete stand-alone systems that are commonplace. XR
allows users to experience a realistic mock environment
that would otherwise be cost prohibitive.

Introduction
Technology has a significant impact on patient care,
pharmacists, pharmacy students, and educators. Virtual
reality (VR), augmented reality (AR), and mixed reality (MR),
which are collectively known as “extended reality (XR),” are
new technologies that are gaining momentum. VR is best
understood as “a computer-generated simulation of the
real or imagined environment or world.”(1) MR and AR are
gradations of VR. In contrast to VR, where the entire visual
display is a simulation, AR is a computer-generated overlay
on the real world. MR is similar to AR in that it is an overlay

XR has been prevalent in aeronautical, military, and medical
practice (2); however, implementation in pharmacy has
been comparatively slow. With the continual evolution of
technology, increase in pharmacist responsibilities and
training, and patient demands to be treated holistically,
the current status of and the potential applicability of
XR in pharmacy practice and education are limited.(3–5)
Previous publications have explored (to a limited extent)
XR’s applicability to pharmacy. For example, several studies
explored the use of the massive multiplayer online roleplaying game (MMORPG) Second Life ® for pharmacy
education. These studies demonstrated benefits to
pharmacy education but were limited to virtual environments
on two-dimensional (2-D) computer screens.(3)(4)(6)
More recently, the utility of immersive VR in pharmacy
education has been reviewed. These articles provided
a comprehensive review of the uses of VR for pharmacy
education but did not fully explore how XR might
impact pharmacy practice. Finally, Fox and Felkey
proposed opportunities and challenges for the use of
VR in pharmacy. This brief review provided several novel
suggestions on how VR might benefit pharmacy practice in

Table 1. Definitions of Common Terms
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the future, but did not provide a review of the literature or a
discussion of the potential of other technologies within the
XR umbrella.(3–5)
After a review of the peer-reviewed biomedical literature
from the 1830s to February 2019, the objective of this
manuscript was to build upon previous studies to describe
current applications and use of XR in healthcare, with
particular emphasis on its use in pharmacy.

XR in Self-Care
XR has potential utility in patient self-care. VR technology
may be helpful to motivate patients to make healthier
lifestyle choices. Pharmacists could help patients to quit
smoking by recommending the use of a program like
MindCotine, the first of its kind, which combines “VR
and mindfulness-based exposure therapy to train and
empower” smokers to quit by gaining self-awareness,
learning coping skills, and forming healthier habits by
addressing cravings head-on in a 21-day program. (7)
The effectiveness of MindCotine specifically is yet to be
determined, as there are no published studies. However,
virtual reality and smoking cessation studies have indicated
the ability to create craving-induced environments in VR
and effects on smoking cessation with cue exposure
therapy.(8)(9)
VR has also been used in alcohol misuse studies.
Generally, cue-exposure techniques have unreliable results
in alcohol misuse treatments. However, VR seemed to be
effective as a personalized alcohol use assessment and
treatment tool that ultimately reduced alcohol craving in
individuals with a history of alcohol misuse.(10)
Fox and Felkey described how VR could provide patients
with services such as counseling on new prescriptions.(5)
The authors also mentioned that “wearables (e.g., Fitbit)”
and health tracking applications are growing in popularity
and could be used to track a patient’s behaviors, then
uploaded into a VR application. This application could
then provide a variety of behavior modifications to the
patient’s current habits and demonstrate the effects of
those modifications on the patient’s health.(5) Additional
applications that support lifestyle modifications include
BehaVR ©, Peloton ®, and Icaros™. (11–13) Because the
integration for biosensor feedback in VR is still limited,
current devices do not adapt to physiological responses
much beyond heart rate. Newer technology like NeuroSky,
which has EEG and ECG applications complete with
biometrics, may be a solution for improved patient care.
(14)
Collectively, VR can be used as a means to encourage
healthier lifestyle modifications in patients that may,
independently and in concert with traditional methods,
complement current self-care options.
AR has been used to help individuals with diabetes selfmonitor their diets. In one study, individuals manually
retraced their food consumption and received feedback
on the carbohydrate intake.(15) AR and MR can be useful
to inform not only pharmacists but also healthcare
providers about real-time patient and drug information.
The University of Sydney recently demonstrated that MR
can be used to cross-check prescriptions.(16) Diodati et
al. developed a prototype mobile AR application that
combines information from medication labels and patient
health records to provide healthcare providers with
information regarding a patient’s self-care.(17) Although
there is limited biomedical literature evaluating the
combination of AR and MR with other devices for patient
self-care, the integration of additional tools such as speech

and voice recognition, eye tracking, and motion tracking
can further enhance personalized self-care treatment plans
because of acquisition of real-time patient biometrics
between visits.(18)
For many people, self-care is the only option due to the
rising cost of healthcare. Pharmacists are often the first
and only point of contact. With XR technology, pharmacists
will be better equipped to play pivotal roles in patient
advocacy. Some challenges remain to be addressed before
XR is fully adopted into patient self-care. Challenges that
need to be addressed include access to devices, biometric
data collection and storage methods, ensuring data
protection, and technological limitations.
Innovative strategies to help patients overcome the
anxiety of injections have been investigated. The feasibility
and effectiveness of VR in reducing pain, discomfort,
and anxiety during procedurally common blood draws
were evaluated in a randomized control trial in 10- to
21-year-olds. (19) In this study, it was determined that
VR was “feasible, tolerated, and well-liked by patients,
caregivers, and phlebotomists alike for routine blood draw.”
A similar situation of particular importance to pharmacists
is providing immunizations. Patients commonly fear
receiving immunizations due to the associated pain and
discomfort.(20)(21) When VR was used as a distraction during
immunization for 244 children ages 2–16, a decrease (45–
74%) in pain was reported. Having VR as an additional tool
to help facilitate immunization efforts while decreasing
anxiety, distress, pain, and discomfor t can lead to
increased patient compliance in timely vaccinations and
perhaps even minimize trypanophobia.(19–21)

XR in Pain Management
The utility of XR in pain management has been explored
for burns, cancer, hemophilia, sickle cell anemia, and
for procedural preparations for MRI, laceration repair,
and other surgical operations.(19)(21–24) Several studies have
used VR as a tool in pain management for both acute and
chronic pain.(25)(26) In fact, the use of immersive VR for pain
control in burn patients has been around for some time.
“SnowWorld” is a virtual interactive ice environment that
was developed in 2003 to treat burn patients, with the idea
that the captivating experience distracts attention away
from processing pain signals.(25) Wiederhold et al. studied
VR as a distraction technique for chronic pain patients.
They found that all participants had lower pain scores while
they were in the virtual environment.(26) Jin et al. designed
a VR game called Cryoslide as a distraction technique for
chronic pain patients.(27) Twenty individuals participated in
the study, and the authors found that there was a reduction
in pain intensity during the VR game. Participants in the
VR group also spent less time thinking about their pain
compared to the control group. There is growing evidence
demonstrating that immersive VR can reduce pain intensity
and unpleasantness.(28)(29) Pharmacists with knowledge
and awareness of VR as a treatment option can help
provide patients with adjunctive and alternative solutions to
address pain and provide hope, or fight chronic pain, either
as direct providers of XR therapy or by recommending
XR as a treatment option to physicians. The role of health
insurance and guidelines regarding the integration of XR
therapies into practice are yet to be established.
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XR for Behavioral Interventions

XR for Pharmacy Student Education

XR may assist pharmacists in providing behavioral
modifications, as it facilitates the creation of complex
controlled environments that can be used to research
and treat complicated disorders involving behavior
and emotions.(30) XR may be particularly useful to study
and treat phobias and anxiety. VR experiences can be
customized to individual phobias and can even be gamified
to improve engagement.(31) A meta-analysis conducted
by Morina et al. revealed that patients exposed to
virtual simulations of their phobias showed significant
improvements compared to control groups.(32) A metaanalysis by Parsons and Rizzo also showed that VR
exposure therapy for phobias reduced anxiety symptoms.
However, the investigators noted that the study was limited
by inconsistent reporting in the literature, and stressed a
need for further studies with more consistent reporting.(33)

In the health professions, XR is gaining traction as an
educational tool. Active learning is becoming increasingly
important in pharmacy education. (39) VR may offer a
platform to encourage active learning, by providing an
immersive and interactive environment. Additionally,
Coyne et al. recently demonstrated the utility of VR to
teach pharmacy students using team-based learning, a
pedagogy that has been shown to develop soft skills
such as teamwork, critical thinking, and satisfaction with
learning.(4)(40) This study also demonstrated that students
enjoy learning in VR. In a different study, nursing students
demonstrated satisfaction with learning in VR.(41) Improving
student satisfaction with learning may improve the intrinsic
motivation of students to learn. Further studies are needed
to ensure that this satisfaction is not just associated with
the novelty of VR.

XR has been proposed to be beneficial in the treatment
of post-traumatic stress disorder (PTSD). September 11
disaster workers with PTSD were treated with VR exposure
therapy.(34) Therapy involved using head-mounted displays
to revisit the event and gradually increase the traumatic
exposure under the supervision of a therapist. Patients
showed a statistically significant improvement in symptoms
compared to a waitlisted control.(34) A meta-analysis of
VR interventions for anxiety and depression revealed
that outcomes were improved in VR groups compared to
controls, but that treatment attrition was not improved.(35)

XR may have some utility across all healthcare disciplines,
including pharmacy, for anatomy education. Stepan et al.
compared achievement in anatomy quizzes in a control
group that studied using traditional materials and an
experimental group that studied using VR materials.(42)
There was not a significant difference in learning, but
students in the experimental group demonstrated better
engagement and motivation to learn than the control
group. Izard et al. recently developed a tool in VR that is
specifically designed to teach students about the anatomy
of the human cranium. (43) The human cranium model
can be manipulated by students to mimic microsurgery,
giving medical students the opportunity to practice these
skills before ever interacting with a patient. Medical
education has used XR in a variety of settings, most
notably for surgical simulations, such as tumor resection.
(44)(45)
In a randomized control trial, VR surgical training
was found to improve knowledge and self-confidence
in surgical residents.(46) Additionally, a review conducted
by Samadbeik et al. found that people who trained in
laparoscopic surgery using VR were more accurate and
had fewer errors compared to those who trained only using
traditional methods.(47)

VR has also been used to study substance use disorders.
(36)
Hone-Blanchet et al. reviewed the use of VR as a
mechanism to expose patients to cues that induce
cravings. They propose that by exposure to these visual
cues in VR conditions, patients could learn to be less
reactive to these stimuli, and thus VR could be beneficial in
the treatment of addiction.(36)
XR could be used to encourage positive behavioral
changes through patient education. For example,
Balsam et al. assessed the effectiveness of a 3-D movie
demonstrating the risk of stroke associated with atrial
fibrillation.(37) Patients with a history of atrial fibrillation
watched the movie, then completed a questionnaire
assessing their understanding of the role of atrial fibrillation
in stroke. Results showed that watching a 3-D movie in VR
improved patient understanding of the consequences of
atrial fibrillation. Jimenez et al. found that breast cancer
patients reported significantly less anxiety following a
virtual reality educational experience typically used to train
radiotherapists.(38) Fox and Felkey proposed that VR could
help with patient education through virtual demonstrations
and teach-back sessions.(5) This could be extrapolated
to pharmacy education by allowing students to learn the
information being provided to patients, and practice teachback methods with peers.
As the first healthcare providers often sought out by
patients, pharmacists are in a unique position to not
only offer referrals to behavior intervention specialists,
but also encourage complementing traditional behavior
interventions with XR for improved patient outcomes.
These interventions could be implemented into the current
pharmacy landscape for most pharmacist positions. For
example, community pharmacists may offer these services
within the community pharmacy setting, and clinical
pharmacists who work as a part of a healthcare team can
make direct referrals for these therapies to the team.

24

AR and MR have demonstrated utility in surgery. For
example, Moreta-Martinez et al. used AR to generate
patient-specific 3-D models that could provide a guide
for surgeons to identify the specific location of a tumor.
(48)
Through the use of optical see-through head-mounted
displays, AR may also be useful to aid in the visualization
of organ locations and decision making during surgical
procedures.(49)(50) In dentistry, VR is currently being used to
simulate dental surgeryand has been explored as a tool for
dental OSCEs.(51)(52)
Three-dimensional models also have a place in pharmacy
education. A n up - close and per sonal experience
of exploring drug interactions using 3 - D models
demonstrated improved student learning compared to
a traditional lecture.(53) Although pharmacy students do
not typically learn how to perform surgical procedures,
they do need to learn complex skills. For example, XR
could be used to teach anatomy and to simulate sterile
compounding and physical assessment labs. Similar
to dentistry, OSCEs play an important role in pharmacy
education. XR may be a useful tool for OSCEs, as it could
provide truly standardized patients and reproducible
scenarios.
As in all healthcare professions, communication is
instrumental to providing optimum patient care and to
success in the workplace. Real et al. investigated the
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communication skills of medical residents following a
traditional curriculum and a curriculum involving practice
with virtual avatars in VR. They investigated the number
of vaccine refusals in patients counseled by the control
group and patients counseled by the VR group. There were
fewer vaccine refusals in the VR group than the control
group, suggesting that practice in VR can positively impact
communication skills.(54) A panel discussion of VR as a tool
for training healthcare professionals further affirmed the
utility of XR to develop better communication and selfawareness skills of healthcare students.(55) However, the
panel also identified limitations, namely that more data was
needed to support VR training.(55)
The role of XR in communication education can be further
extrapolated to interprofessional education. XR can provide
student physicians, nurses, and pharmacists an environment
to learn together. Collaborative interprofessional learning
in XR has many potential benefits, including: 1) causing no
actual harm to a patient while having lifelike experiences;
2) cost effectiveness; 3) replaying scenarios in 3-D to learn
from past experiences; and 4) allowing students who are not
physically located on the same campus to work together in a
simulated environment.
Although the future uses of XR in pharmacy education will
depend on technological advancements and the availability
of appropriate software, we may expect to see XR used in
pharmacy education for several reasons. First, XR provides
an interactive 3-D environment that, with the appropriate
software, could be used to simulate pharmacy experiences
outside of the classroom, lab, or practice setting. This
could allow students to practice their skills more effectively,
without the resource demands of experiential education.
Second, XR, and particularly VR, can add a level of
immersion and engagement for distance learning students
that has previously never been possible. A recent study
demonstrated that students preferred team activities in
VR to traditional distance-learning environments.(4) With
further development, VR may become commonplace for
distance learning. Finally, as XR is computer-based, it can
be used to generate learning activities that are not possible
in the real world. For example, students can already travel
into the center of a cell in VR with BodyVR©. XR software
development could provide engaging learning experiences
capable of providing students with a deeper understanding
of difficult concepts.

Challenges Facing XR
Implementation
There are several challenges facing the adoption of VR, MR,
and AR for healthcare, such as the general acceptance of
and access to the technology.(5) Other important challenges
include comfor t and cost. Head-mounted displays,
particularly for VR, are heavy, can generate a lot of heat,
and are often connected to a computer with a wire. AR and
MR head-mounted displays are currently limited by their
technological infancy and are particularly limited in their field
of view. If visual quality is low, or if there is a misalignment
between visual processing and proprioception, simulator
sickness, which includes symptoms such as nausea and
dizziness, is possible in VR. Cost may also be a challenge,
depending on the quality of the technology required.
MR head-mounted displays may cost upward of several
thousand dollars. High-level technology continues to be
just shy of $1,000; however, the quality of entry-level VR
equipment has continued to increase over recent years while
the cost has decreased.(4) In fact, until high-quality XR is
commonplace, many XR applications can be experienced

on inexpensive or everyday devices like smartphones and
Google cardboards for just $20 or less.(56)

Summary
Virtual, augmented, and mixed reality have been used
in many dif ferent professions. The utilit y of this
technology is yet to be fully explored, and whether it has
clear applicability in pharmacy practice and pharmacy
education remains to be determined. XR has the potential
to minimize cost while enhancing educational and training
experiences for patients, students, and practitioners.
Future applications of virtual, augmented, and mixed reality
in pharmacy are underway.
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Baloxavir Marboxil: A New Antiviral for Acute
Influenza
Stephen Selvanayagam, PharmD; Amy Kang, PharmD; David R. Ha, PharmD, BCIDP

Abstract
Baloxavir is a newly approved, single-dose, oral influenza
antiviral indicated for acute uncomplicated influenza
in patients 12 years and older if symptomatic for less
than 48 hours. The purpose of this article is to review
currently available literature on the mechanism of action,
pharmacokinetics, safety, and clinical and virologic
efficacy of baloxavir. Its novel mechanism of action
prevents influenza replication by targeting the viral capdependent endonuclease enzyme. In clinical trials baloxavir
was shown to be superior to placebo and comparable to
oseltamivir with regard to time to alleviation of symptoms
and viral titer reduction and was well tolerated with minimal
adverse effects. Baloxavir is a viable treatment option for
acute uncomplicated influenza in certain age groups.

Introduction
Seasonal influenza is a major U.S. health burden
characterized by widespread illness, productivity loss,
hospitalization, and cost. In the 2017–2018 season, an
estimated 48.8 million Americans experienced symptoms
of influenza, 22.7 million required a healthcare provider
visit, nearly 0.96 million were hospitalized, and 79,400 died.
(1)
In 2003, the total associated cost was an estimated $87.1
billion, based on 31.4 million influenza-related outpatient
visits.(2)
Of the influenza viruses, only types A, B, and C cause
disease in humans. In recent seasons, influenza A H1N1
and H3N2, and influenza B Yamagata and Victoria lineages,
have been the predominant circulating viral strains in the
U.S.(3) Certain individuals are at higher risk for developing
influenza-related complications, including those aged 65
years and older, children less than 5 years old or with
neurologic conditions, pregnant women, residents of longterm care facilities, American Indians, Alaska Natives, and
patients with comorbidities including asthma, diabetes,
heart disease, stroke, HIV/AIDS, or cancer.(4)
Vaccination remains the cornerstone of primary prevention
of influenza and is recommended for all individuals 6
months and older without a contraindication.(5) However,
influenza vaccination is not fully protective due to
challenges in accurately predicting circulating influenza
strains. (6) Considering that the complete manufacture
process for the influenza vaccine can take up to 6 months,
the formulation is usually undertaken at the beginning of
every year in January.(7) Due to this limited time frame,
virulent strains emerging toward the middle of the year can
potentially be excluded from the final cocktail. Leaving out
such strains can possibly render the vaccine less effective.
Due to the highly variable nature of circulating strains,
vaccine composition is reevaluated annually. Viral strains
selected for incorporation into the final vaccine cocktail
are determined using surveillance data from influenza
monitoring centers around the world.(7) Based on data
gathered from five different state study sites, vaccine

effectiveness has been estimated to be 38–48% in the
most recent three influenza seasons—highlighting the
importance of antiviral medications for acute disease.(8)
Current guidance advocates for the use of antiviral
medications in all hospitalized patients as well as
outpatients at high risk of influenza complications, including
pregnant women, children younger than 2 years, patients
older than 65 years, or those with severe illness, chronic
medical conditions, or immunocompromise.(9)(10) Patients
who do not necessarily meet these criteria may also be
treated at the treating clinician’s discretion to reduce
disease severity and duration, particularly if antivirals can
be initiated within 2 days of symptom onset.(9)(10)
Neuraminidase inhibitors (NAIs) have been the mainstays
of influenza antiviral therapy.(9)(10) NAIs target influenza
viral neuraminidase enzyme responsible for the release
of newly synthesized influenza virus particles.(11) Currently
available NAIs in the U.S. include oseltamivir, zanamivir, and
peramivir. All three are recommended as monotherapy for
acute influenza.(9,10) Adamantane class influenza antivirals,
amantadine and rimantadine, are no longer recommended
due to high levels of resistance among influenza A, and
have no activity against influenza B.(12) While NAI resistance
in influenza remains low, in the face of continued
widespread NAI use, the need for global resistance
surveillance is rising.(13) In addition to conventionally used
agents, the most recent addition to the anti-influenza
cohort of medications, baloxavir marboxil (BXM), provides
a novel means by which influenza viruses can be targeted
for neutralization. This article evaluates current available
literature outlining the viability of using baloxavir marboxil as
a therapeutic alternative against influenza.

Mechanism of Action
Baloxavir marboxil is a new oral influenza antiviral
medication with a novel mechanism of action.(14) BXM is
a prodrug and is enzymatically converted to its active
metabolite, baloxavir acid (BXA), endogenously.(15) BXA
inhibits influenza cap-dependent endonuclease (CEN),
an enzyme residing within the influenza ribonucleic acid
(RNA) polymerase complex, which “snatches” capped 5’
RNA primers, a critical step in viral RNA transcription.(16)
Inhibition of this enzyme by BXA prevents viral transcription
and ultimately viral replication.(15) This mechanism of action
is unique to BXA, considering that the other conventionally
used medications against influenza all target the viral
neuraminidase enzyme.
BXA has been shown to be highly potent, with IC50 values
as low as 2.5 nM for the CEN enzyme.(16) Additionally, BXA
has displayed broad spectrum activity for both influenza
A and B, with IC50 values as low as 1.4–3.1 nM and 4.5–
8.9 nM for the respective CEN enzymes.(16) This broad
spectrum activity seen with BXA has been linked to the
conservation of the primary amino acid sequence of the
CEN enzymes across several strains.(17)(18)
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Indication, Dosage, and Administration
Baloxavir is indicated for treatment of acute uncomplicated
influenza in patients 12 years and older with onset of
symptoms less than 48 hours prior to initiation of therapy.15
The medication received Food and Drug Administration
(FDA) approval on October 24, 2018.(14) The recommended
dose of the drug is influenced by patient weight.(15) Dosage
in patients weighing between 40 and 80 kg is 40 mg
(supplied as two 20 mg tablets) as a single dose, and in
patients weighing 80 kg or more is 80 mg (supplied as two
40 mg tablets) as a single dose.(15) Baloxavir can be taken
with or without food; however, cation-containing laxatives,
supplements, or antacids, along with calcium-containing
beverages and dairy products, should be avoided at the
time of administration.(15) The dose can be taken at any time
of day, but it should be taken as early as possible upon
onset of symptoms.(15) Safety and efficacy studies have not
been performed in patients younger than 12 years or older
than 65 years, patients weighing less than 40 kg, pregnant
patients, or lactating mothers.(19) Additionally, as with other
systemic antiviral medications, it should be noted that the
viral replication inhibition seen with baloxavir may render
live attenuated vaccines less effective.(15)

Pharmacokinetics
BXA shows dose-proportional increases of peak plasma
concentration (C ma x ), and area under the plasmaconcentration time cur ve (AUC) for doses between
6 mg and 80 mg taken in a fasted state. Cmax levels
were reached between 3.5 to 4 hours after dosage
with proposed first-order absorption and lag time.
(20)
Additionally, BXM Cmax, AUC, and plasma drug levels
attained 24 hours post dose (C 24) have been shown to
decrease with increased body weight for a fixed dose.(21)
Studies on the effect of feeding on BXM pharmacokinetics
showed a 47% reduction in Cmax, and a 37% reduction in
AUC in patients who were fed versus those who fasted.(20)
This may be, in part, explained by baloxavir chelation by
divalent cations.(20)
Endogenous conversion of BXM into its active form BXA
occurs via hydrolysis in the intestinal lumen, intestinal
epithelium, and liver by the enzyme serine esterase
arylacetamide deacetylase.(20) Metabolism of BXA occurs
mainly via glucuronidation by UGT1A3.(20) Of note, greater
expression of UGT1A3 exists in German Caucasians in
comparison with Han Chinese and Japanese, and may
explain variation observed in BXA elimination.(20) However,
no dosage adjustment is recommended based on ethnicity.
(15)
No significant drug-drug interactions were observed
when BXM was co-administered with CYP or UGT
inhibitors, inducers, or substrates.(15)
Approximately 80.1% and 14.7% of baloxavir is eliminated
via feces and urine, respectively, as glucuronidated drug.15
Being 93% protein bound, BXA has an estimated clearance
of 10.3 L/h and a long elimination half-life of 79.1 hours,
resulting in supra-therapeutic C24 levels, thereby allowing
for a single dose regimen.(15)(20)

Efficacy Data
Efficacy of baloxavir for treatment of acute influenza
was established in one phase 2 trial and two phase 3
clinical trials. The phase 2 trial, a prospective, randomized,
double-blind, placebo-controlled, dose-ranging study,
enrolled 400 Japanese influenza-infected patients
between the ages of 20 and 64 (Table 1). Study patients
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were randomized (1:1:1:1) to one of four intervention arms
and received single doses of either 10 mg, 20 mg, or 40
mg of baloxavir or placebo.19 The majority (66.8%) were
infected with influenza A H1N1.19 Significant reduction
in time to alleviation of symptoms (TTAS) was observed
for all baloxavir treatment arms compared with placebo,
with an overall reduction in TTAS of 23.4–28.2 hours (P
< 0.05).(19) Additionally, at 24 hours after administration,
baloxavir showed a significantly greater viral titer reduction
compared with placebo: 4.5 versus 1.6 log10 TICD50/mL in
50% tissue-culture infective dose (P < 0.001).(19) Subgroup
analysis comparing patients who received baloxavir within
24 hours of symptom onset versus later than 24 hours
found a mean reduction in TTAS of 32.8 hours versus 13.2
hours, respectively (P = 0.008).(19) Additional subgroup
analysis revealed that reductions in TTAS versus placebo
were statistically significant only in patients with influenza
A H1N1 and not in those with influenza A H3N2 or influenza
B virus.(21) However, by day 2, viral titer reductions were
shown to be significantly greater in all three baloxavir
groups versus placebo in patients with influenza A H1N1
and influenza B. In patients infected with influenza A
H3N2, only the 10 mg and 40 mg, not the 20 mg, doses
were shown to produce statistically significant viral titer
reductions versus placebo. (21) Of note, the C 24 levels
obtained for each dose were observed to be proportional
to the degree of viral titer reduction. Doses as low as 10
mg of baloxavir were able to produce greater than 50% of
maximum titer reduction.(21)
The first prospective, double-blind, randomized, phase 3
clinical trial of baloxavir for acute uncomplicated influenza,
CAPSTONE-1, randomized 1,436 patients between the
ages of 12 and 64 years, from both Japan (77.2%) and the
U.S. (22.8%). Patients 20–64 years of age were randomized
into one of three intervention arms: single dose baloxavir 40
mg for body weight < 80 kg or 80 mg for body weight ≥ 80
kg; oseltamivir 75 mg twice daily for 5 days; or placebo in
a 2:2:1 ratio. Patients 12–19 years old were randomized 2:1
to receive either baloxavir or placebo on day 1 only (Table
1). Among all treatment arms, 84.8–88.1% had influenza
A H3N2.19 Baloxavir demonstrated a reduction in TTAS
versus placebo of 26.5 hours (95% CI = 17.8–35.8 hours).
(19)
No significant difference in TTAS was observed between
baloxavir and oseltamivir. Baloxavir showed a greater viral
titer reduction of 4.8 log10 TCID50/mL compared with 2.8
and 1.3 log10 TICD50/mL seen for oseltamivir (P < 0.05) and
placebo (P < 0.05), respectively, one day after initiation of
therapy.(19) Infectious influenza viruses remained detectable
in throat and nasopharyngeal swabs of participants for a
period of 24 hours post dose for baloxavir, compared to
72 hours and 96 hours seen in the oseltamivir (P < 0.001)
and placebo (P < 0.001) arms, respectively.19 Moreover,
3.5% of patients receiving baloxavir had complications
that required treatment with antibiotics, compared with
4.3% and 2.4% for placebo and oseltamivir administered
patients, respectively.(19)
The second prospective, randomized, double-blind,
phase 3 clinical trial, CAPSTONE-2, was conducted,
which examined the efficacy of baloxavir compared with
oseltamivir or placebo in patients with acute influenza and
at least one risk factor for developing influenza-related
complications.22 In the study, 2,184 patients ≥ 12 years
old were randomized 1:1:1 into one of three treatment
arms: single dose baloxavir 40 mg for body weight <
80 kg or 80 mg for body weight ≥ 80 kg; oseltamivir 75
mg twice daily for 5 days; or placebo (Table 1). Results
from the study showed that mean time to improvement
of influenza symptoms (TTIIS) was significantly shorter
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for baloxavir (73.2 hours) compared with placebo (102.3
hours) (P < 0.0001) and not statistically different compared
with oseltamivir (81.0 hours) (P = 0.8347).(22) Baloxavir was
shown to terminate viral shedding significantly earlier,
with a median time of 48 hours compared with 96 hours
for both placebo (P <0.05) and oseltamivir (P < 0.05).
(22)
Subgroup analysis of study patients with influenza B
revealed that baloxavir had significantly lower TTIIS (74.6
hours) compared with both placebo (100.6 hours) (P =
0.0138) and oseltamivir (101.6 hours) (P = 0.0251).(22)
Although potential for combination treatment with both
oseltamivir and baloxavir has yet to be investigated in
humans, a study performed on mice revealed a synergistic
treatment response against influenza.(23) Similar results
were observed when a combination of either oseltamivir,
zanamivir, laninamivir, or peramivir was used in conjunction
with baloxavir in Madin-Darby canine kidney cells infected
with type A H1N1. The combination was observed to
synergistically inhibit influenza viral replication.(24)

Safety and Tolerability
The most commonly reported side effects from baloxavir
during clinical trials include diarrhea (3%), bronchitis (2%),
nausea (1%), nasopharyngitis (1%), and headache (1%).
However, rates of these reactions were similar or lower than
that observed in patients administered placebo.(15)
The CAPSTONE-1 phase 3 trial that compared baloxavir to
both placebo and oseltamivir reported adverse event rates
of 20.7% for baloxavir versus 24.6% and 24.8% for placebo
and oseltamivir, respectively.(19) Although only some of the
above-mentioned adverse events were linked to the study

interventions, in those patients, oseltamivir was shown to
have a higher rate of adverse events, 8.4% versus 4.4% in
patients treated with baloxavir (P = 0.009).(19) Two serious
adverse events, an incarcerated inguinal hernia and aseptic
meningitis, were reported in patients treated with baloxavir,
but they were deemed unrelated to the drug.(19) No deaths
occurred during the trial; however, one patient treated with
oseltamivir required hospitalization.(19) The CAPSTONE-2
phase 3 trial reported similar safety incidence rates where
all patients, irrespective of their treatment groups of either
baloxavir, oseltamivir, or placebo, experienced adverse
event rates between 25.1% and 29.7% for events of
any kind, and rates between 0.7% and 1.2% for serious
adverse events.(22) Safety and efficacy studies have not
been performed in patients younger than 12 years or older
than 65 years, patients weighing less than 40 kg, pregnant
patients, or lactating mothers.(19)

Resistance
In the phase 2 trial, four patients (3.6%) who received
baloxavir had influenza A H1N1 pdm09 detected with viral
polymerase mutations (I38T/F substitution), demonstrating
a 10-fold reduction in baloxavir susceptibility.(19)(25) The
co-crystal structure of the mutated polymerase revealed
reduced van der Waals affinity for baloxavir and thus a less
stable enzyme/inhibitor complex.(26) Notably, influenza A
H1N1 pdm09 has been previously documented to exhibit a
higher frequency of polymerase polymorphism.(27)
The CAPSTONE-1 trial showed similar results, where
9.7% of patients with influenza A H3N2 receiving baloxavir
developed I38T/M polymerase substitutions by day 5 or
later. Patients harboring virus with this substitution reported

Table 1. Summary of Efficacy Studies
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a longer mean TTAS (63.1 hours) compared to those without
(49.6 hours).(19) Of note, none of the 95 randomly selected
patients treated with placebo developed this substitution.
(19)
On day 5 of the study, of the 295 patients in the baloxavir
arm without substitutions, 7% had detectable infectious
virus. However, this percentage increased to 91% (29 out
of 32) in patients with the I38T/M substitution, implying
substantially decreased susceptibility to baloxavir.(19) Other
studies have reported reduced susceptibilities to baloxavir
as high as 76- and 120-fold in I38T substitution variant
influenza A H3N2 viruses isolated from two separate
children who were treated with baloxavir.(25)
Fortunately, amino acid sequence analysis of influenza
viruses from the 2016/17 and 2017/18 influenza seasons
in the U.S. has shown a low incidence of reduced
susceptibility to baloxavir.(28) Reduced susceptibility to
baloxavir was observed in only 0%, 0.032%, and 0.3%
of influenza B, A H3N2, and A H1N1 pdm09 viruses,
respectively.(28) Similarly, 2017/18 season data from Japan
also did not reveal any influenza A H1N1 pdm09, A H3N2,
or B viruses with impaired susceptibility to baloxavir.29
Although I38T/M substitutions are not uncommon, low
rates of reduced susceptibilities in some viruses might
be explained by “impaired replicative fitness” due to
diminished potency of the endonuclease enzyme in these
variants.(26) In more recent data from the 2018/19 influenza
season, none of 384 viruses showed polymerase amino
acid substitutions of concern.(28) In the future, increased
vigilance with resistance monitoring for baloxavir is
advisable with projected increase in usage in countries like
Japan and the U.S.(28)

Compared with Other Influenza Antivirals
One of the primary advantages of baloxavir is its single
dose regimen administered orally, enhancing convenience
and adherence.(15)(30) The most common alternative options
to baloxavir, oseltamivir and, to a lesser extent, zanamivir,
require 10 doses over the span of 5 days as part of their
standard treatment course.(31)(32) Peramivir, similar to baloxavir,
is administered as a single dose regimen (Table 2).(33)
Other dif ferences include age indications, route of
administration, side effects, and considerations relative to
comorbidities. Oseltamivir can be used in infants as young

as 2 weeks old, and zanamivir is approved for use in patients
7 years and older.(31)(32) By comparison, baloxavir, indicated
for patients 12 years and older, is limited in its potential
use in pediatric populations.(15) However trials investigating
use of baloxavir in pediatric populations are forthcoming.
(34)(35)
Peramivir is indicated for patients 18 years and older
(Table 2).(33) Baloxavir is an oral medication, which provides
advantages in terms of administration convenience compared
with peramivir, a sparingly used option considering its
requirement for intravenous administration, and zanamivir,
which is administered via oral inhalation ( Table 2).
Additionally, zanamivir is also associated with potentially fatal
bronchospasms in patients with asthma or chronic obstructive
pulmonary disease.(32) Unlike oseltamivir, baloxavir is not
available as an oral suspension, which may be a barrier for
patients who cannot tolerate tablet formulations. Additionally,
in patients with renal impairment, zanamivir can be used,
along with oseltamivir and peramivir, with appropriate dosage
adjustment.(31–33) Baloxavir has not been studied in patients
with renal impairment, and therefore specific guidelines for
use in this population are not available.(15) Clinical studies
conducted for both baloxavir and oseltamivir in patients
with hepatic impairment do not recommend any dosage
adjustments, while peramivir and zanamivir have yet to be
studied in this population.(15)(31–33) The effect of baloxavir,
oseltamivir, and peramivir in pregnant patients has yet to
evaluated, while small sample size studies for zanamivir have
shown no signs of maternal or fetal toxicity. Accumulation of
drug metabolites in breast milk, and the impact of these drugs
on breast milk production in lactating mothers, has not been
researched in any of the four NAIs.(15)(31–33)
A network meta-analysis performed on 19 trials comparing
both safety and efficacy of baloxavir relative to other
antiviral agents in the treatment of influenza showed
that baloxavir has similar efficacy in comparison to other
antivirals, with an equivalent or slightly improved safety
profile.(36) TTAS with baloxavir was significantly shorter
versus zanamivir by 20.62 hours (95% CI = 0.20–44.95),
but showed no significant difference versus the other
NAIs. Time to cessation of viral shedding was shown to be
significantly shorter for baloxavir compared with zanamivir
and oseltamivir, with a median time difference of 47.00 (95%
CI = 28.18–73.86) hours and 56.03 (95% CI = 33.74–87.86)
hours, respectively.(36) Moreover, reduction of viral titer

Table 2. Summary of General Drug Information for Anti-influenza Medications
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levels 24 hours after initiation of therapy was shown to be
significantly greater for baloxavir compared with zanamivir,
oseltamivir, and peramivir, with differences of 2.49 (95%
CI = 1.12–3.85), 2.30 (95% CI = 1.32–3.30), and 2.31 (95%
CI = 1.19 –3.49) log10TCID50/mL, respectively.35 The
frequency of adverse drug effects with baloxavir was shown
to be comparable to both zanamivir and peramivir, but less
frequent versus oseltamivir 1.93 (95% CI = 1.18–3.19).(36)

References

Baloxavir is not currently approved for influenza
prophylaxis, as it has yet to be studied for this indication
in human subjects. Influenza prophylaxis, typically used
in high-risk patients during an outbreak, is limited to
oseltamivir or zanamivir.(31)(32)

3. Centers for Disease Control and Prevention. Types of
influenza viruses. [Internet]. 2017 Sep [cited 2019 Feb 14].
Available from: www.cdc.gov/flu/about/viruses/types.htm.

Another potential niche for baloxavir use might be in the
event of resistance to NAIs. Although global widespread
resistance to NAIs has not been documented to levels seen
with adamantanes, in 2007/08 an increase in oseltamivirresistant influenza A H1N1 viruses with the H274Y mutation was
observed in several countries, including the U.S.37 The novel
mechanism of action of baloxavir provides theoretical viability
against such NAI-resistant strains. Amongst NAI-resistant
viral strains, no significant differences were seen in baloxavir
susceptibility compared with those strains sensitive to NAIs.(29)
Drug and vaccine shortages have also complicated the
health and economic burden associated with influenza.
Multiple documented shortages of oseltamivir, notably
after the 2009 H1N1 pandemic, have led to the requirement
for drug manufacturers to communicate regularly with the
CDC to gauge available supply.(38) Baloxavir provides an
additional alternative for acute influenza in the event of a
shortage of other influenza antivirals.
Cost of therapy is another major consideration for insurers,
pharmacies, prescribers, and patients. The wholesale
acquisition cost (WAC) for a single dose of baloxavir is
estimated to be around $150, compared to $93, $152,
and $59 for 5-day courses of generic oseltamivir, brand
oseltamivir (Tamiflu), and zanamivir respectively, and $950
for single-dose peramivir (Table 2).(39)

Conclusion
Baloxavir is the newest influenza antiviral available in the
U.S., with a novel mechanism of action. Efficacy for acute
influenza is comparable to current standards of treatment
(NAIs) and superior to placebo. Baloxavir is administered as
a single dose oral regimen and is well tolerated, making it a
viable treatment option for influenza.
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