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The views expressed by contributing
The Maryland Society of Health-System Pharmacy (MSHP) is
authors do not necessarily reflect
comprised of committed leaders who are focused on improving
those of MSHP or the affiliated
patient care and advancing the profession of pharmacy. The road that
institutions of MSHP unless
led you to the current moment in your life most likely included
setbacks and detours. In many cases, those setbacks have been
otherwise stated.
critical to your journey. You needed to have experienced the mistake
in order to make a change that ultimately led to forward progress. The broken road challenged you, changed
you, and in some cases altered your destination, hopefully for the better. Tonight, let’s focus on the lessons of
failure, and importantly the courage to fail.
Those that enter into the profession of pharmacy tend to have personality traits that are not typically
compatible with failure. We’ve all heard the stereotypes, perfectionist, type A, detail oriented, that may
describe us and our colleagues. These traits are part of what makes us great as pharmacists. We are trained to
be preoccupied with failure and to find the errors when reviewing a pharmacotherapy regimen or medication
order. Even our greatest strengths can work against us when over used. If we become paralyzed by the fear of
failing, do we risk stagnation? If we over analyze everything that could go wrong when making a change, can
we get lost in the complexity in today’s health care environment? How do we use our strengths to predict and
mitigate potential failure points while being open to failure as a catalyst for needed innovation and change?
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Perception of failure is also important. Who defines what failure is? Are you internally making that
determination or is the shortcoming externally defined? Can failure be framed in a more positive connotation?
A quote that I have turned to in moments of self-doubt and fear of external judgment comes from Teddy
Roosevelt in his Citizenship in a Republic speech delivered in Paris in April 1910. He declared, “It is not the
critic who counts; not the man who points out how the strong man stumbles, or where the doer of deeds
could have done them better. The credit belongs to the man who is actually in the arena, whose face is
marred by dust and sweat and blood; who strives valiantly; who errs, who comes short again and again,
because there is no effort without error and shortcoming; but who does actually strive to do the deeds; who
knows great enthusiasms, the great devotions; who spends himself in a worthy cause; who at the best knows
in the end the triumph of high achievement, and who at the worst, if he fails, at least fails while daring greatly,
so that his place shall never be with those cold and timid souls who neither know victory nor defeat.”
The members of MSHP are the women and men in the arena. Our job as leaders is to inspire and influence
others to join us with the courage to fail. How do we fully embrace the courage to fail as a profession, as
teams, and as individuals?
Profession
Starting with our profession, we have much to be proud of in the progression from the basement to the
bedside in health-system practice. Great opportunities lie ahead. When we think about the issues MSHP and
the profession as a whole are advocating for today, we must have the courage to fail. We have been debating
the education requirements and credentials needed for pharmacy technicians for quite some time. Some in
our profession are quick to point out why boldly pushing for a higher standard may not work: lack of programs
to provide quality education, concern that wages won’t be commensurate with the higher standards, and
concern that if we raise the bar we won’t be able to fill positions. Do these concerns merit discussion and
thoughtful planning? Yes. Should these concerns hold us back for moving forward to improve patient safety?
No. Our patients deserve a well-trained pharmacy technician workforce with the knowledge and skills needed
to prepare medications. Ten weeks of full time training for preparing medications with the potential to harm is
not too much to ask for. Our fear of what won’t work is putting patients at risk. It is time to move forward
courageously. Will everything go smoothly? No. We can learn through these mistakes. Our patients deserve
better.
Shifting to care delivery innovation and public health, we need to courageously experiment to develop new
models of population health management. We need to be willing to create new strategies to combating the
opioid epidemic. We have the opportunity to lead, and we should not wait to simply follow others’ direction.
These complex issues are unchartered territory, and there are no easy solutions. We must have the courage to
try new approaches and the wisdom to change course as we learn from our errors. There is risk when we ask
for the spotlight, and we will make mistakes before we get it right. The road map isn’t clear, and this is the
exciting part. There is so much knowledge to gain through trial and error. I can tell you at least twenty-five
workflows that don’t work well when developing a discharge prescription service. We learned a lot from those
twenty-five failed workflows, and each iteration got us closer to optimal.
Teams
Mobilizing and using collective talent is paramount to solving these complex challenges to improving health.
Expert strategy thought leader Gary Hamel has outlined, “We must be willing to let go of traditional,
hierarchical leadership models and team structures to fully maximize the talent of the workforce.” 1 If
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structured correctly, teams can fail faster and subsequently learn from these mistakes faster, accelerating
learning and change. 1 What would it look like if we radically restructured our departments and health-systems
to facilitate this level of teamwork? At first, it would most likely feel chaotic and fear of failure may be
exponentially high. If done well, it could be the transformation needed.
Gary and other strategists at McKinsey have pondered what could it look like if we put the same amount of
effort into researching and innovating our leadership and team structures as we put into new product
development, such as new drug development. 1 Much like clinical trials, we could put guardrails around some
of the changes and start small to manage the inherent risks. What could this look like on a small scale, as a
first step? How many of our strategic plans are built at the manager and director level? Could we foster
innovation labs that allows more frontline talent be the initial generators of care delivery model changes and
use crowd-sourcing to vet and refine these ideas? Are there ways to carve out time for interdisciplinary teams
to simulate radical new ways of delivering care? How do we create rapid feedback loops with meaningful
incentives for achieving desired results? How can we engage non-traditional partners in this work? Ronald
Victor and colleagues published a study New England Journal of Medicine in April 2018 where pharmacists
provided blood pressure management services, including pharmacotherapy initiation and modifications, in
black barbershops. A blood pressure measurement of less than 130/80 was achieved in 63.6% of the
intervention group and 11.7% of the control group (p<0.001).2 This is a team willing to fail and to innovate by
breaking out of the traditional four walls of healthcare. They innovatively partnered with trusted members of
the community, in this case barbers, to positively engage patients and bridge the gap between the community
and health care delivery. What are we doing in our own organizations to foster this type of innovative
teaming?
We need to teach our leaders across formal and informal leadership roles how to become more agile and
learn through experimentation. Bill Joiner and Stephen Josephs outline five levels of leadership skills in their
book Leadership Agility.3 The highest levels of leaders in their framework foster a highly participative culture
where all team members feel fully responsible for not only their own areas but for the organization as a
whole. 3 The team leadership role can shift based on the issue at hand. These type of high-functioning,
dynamic teams learn quickly from mistakes, are willing to take risks, and can change direction quickly. 3
Building this type of team dynamic and leadership skills requires a strong commitment to ongoing leadership
development.
I believe John Lewin was the first to tell me that leading and parenting have a lot in common, and I understand
this concept more and more through the joy of being a mother to a four month old and four year old. Brene
Brown, in her book Daring Greatly, noted, “The real questions for parents should be: ‘Are you engaged? Are
you paying attention?’ If so, plan to make lots of mistakes and bad decisions. Imperfect parenting moments
turn into gifts as our children watch us try to figure out what went wrong and how we can do better next time.
The mandate is not to be perfect and raise happy children. Perfection doesn't exist, and I've found what makes
children happy doesn't always prepare them to be courageous, engaged adults.”4 We have all felt the pressure
of being perfect and setting a good example. It is freeing to know that imperfect leadership, like parenting, can
be good for our teams and for us. Admitting our mistakes, pointing out our inherent humanity, create a
culture where others become more comfortable taking risks and learning from initial failures. Let’s all give
each other a little more leeway to learn from our imperfections.
Individuals
Finally, as individuals, we can’t lead others without first leading ourselves. That means creating time for
3
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renewal and building resiliency. Mindfulness and resiliency are getting a lot of attention these days, and I hope
it isn’t simply the leadership hot topic of the moment. Much of this work is tied to the second victim
phenomenon that has been well documented in the patient safety literature. As health care professionals, we
have a meaningful purpose. Pharmacists are healers. Yet our professionals are burnt out. And when we
haven’t filled our own buckets, we can’t help fill others’.
The Institute for Healthcare Improvement has noted that there is a higher propensity for patient harm when
healthcare providers are burnout.5 Do you know the warning signs of when you need to renew your energy?
Do you have a support system to help you when you make a mistake? The core of building resiliency and
meaning at work isn’t having all the answers or knowing how to make perfect plans from the start. As
individual leaders, we must view initial failures and mistakes through a positive lens. When something goes
wrong, we need to stop commiserating about all the reasons the project is impossible. We need to reframe
our questions and find the lessons learned to move forward. Recognizing when we need renewal feels very
vulnerable. Brene Brown put it well when she said, “Vulnerability sounds like truth and feels like courage.
Truth and courage aren't always comfortable, but they're never weakness.” 4
We’ve all heard the question, “What would you do if you couldn’t fail?” Perhaps it should be reframed to say,
“What greatness can you achieve through failure?” Victory isn’t as sweet if you haven’t experienced defeat.
True failure is standing on the sidelines because of fear – fear of the critic, fear of self-doubt, fear of making a
mistake. Challenges lie ahead for us as a profession, as teams, and as individuals. Our faces will be marred
with dust and sweat, and we will come up short again and again. On the other side, is greatness, and I look
forward to continuing the work in the arena with you.
References:
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Medication Safety: The Impact of Transitions of Care Practice Models on Patient Safety
Samuel Y. Suen, Doctor of Pharmacy Candidate 2020
The University of Maryland School of Pharmacy

Consider this following patient case: an 80 year-old patient is discharged from an orthopedic surgery clinic on
a newly prescribed blood thinner, which brings her maintenance list to 11 medications. The patient did not
receive adequate medication counseling on the new agent. This patient is readmitted to the emergency
department due to improper blood thinner use, resulting in internal hemorrhaging. Unfortunately, this patient
scenario occurs on a daily basis throughout the United States. $42 billion USD in global costs have been
attributed to medication errors annually.1 These medication errors can lead to quick turnaround times from
patient discharge to readmission.
A significant number of patient readmissions are due to inadequate communication between physicians,
hospitalists, primary care physicians, and consultants.2 Specifically, greater than 40% of medication errors are
due to insufficient medication reconciliation. Furthermore, 20% of medication reconciliation errors will result
4
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in patient harm.2 The risk of improper medication use is further increased when patients transition across
multiple healthcare providers and sites. As a result, transitions of care (TOC) practice models have emerged to
reduce readmission rates in health-systems. This practice model and practice advancement initiative is
increasing on both a national and global level because of the associated cost savings to both payers and health
systems.
A 2017 World Health Organization medication safety report emphasized the importance of effective
communication between providers and patients as being imperative to avoiding medication-related harms.1
Communication becomes more complex when a patient is transferred across multiple healthcare settings.
Pharmacists can play a role in facilitating transition in care by ensuring that patients receive appropriate
information on their medications. The Joint Commission’s (TJC) supports a five-step process when performing
medication reconciliation.3 These five steps are: 1.) develop a list of current medications, 2.) develop a list of
medications to be prescribed 3.) compare the medications on the two lists, 4.) make clinical decisions based
on the comparison, and 5.) communicate the new list to appropriate caregivers and to the patient. 4
Using the TJC five-step process as a reference, health-systems have adopted their own respective practice
models to mimic this standard of care. A randomized controlled trial conducted across a large integrated
delivery system in Colorado measured rehospitalization rates at 30, 90, and 180-day intervals after patients
received discharge medication reconciliation. The trial results demonstrated that patients who received an
intervention prior to discharge experienced lower rehospitalization rates at the 30 and 90-day intervals.5
Additionally, average hospital costs were lower in patients who received a discharge intervention. Overall, this
study determined that providing medication education to chronically ill elderly patients and their caregivers
reduces rehospitalization rates and saves overall costs for both patients, caregivers, and health-systems.
Additionally, the role and impact of pharmacists in TOC was evaluated in a heart failure clinic. 6 Medication
reconciliation on admission and discharge was conducted to evaluate appropriateness and dosing,
duplications, omissions, and drug interactions. On average, seven medication inconsistencies per heart failure
patient at the hospitalization and discharge stages were identified. In the Pharmacist Intervention for Low
Literacy in Cardiovascular Disease (PILL-CVD) study, medication reconciliation was performed early in
hospitalization and at discharge along with a follow-up call after discharge. The study determined that
pharmacist intervention reduced a patient’s likelihood of experiencing an adverse drug event and medication
error in heart failure and hypertension clinics by 35% and 37% respectively.6 This study displays the significant
role pharmacists play on multidisciplinary TOC teams.
Pharmacists serve a very important role in the medication reconciliation process. By using the TJC medication
reconciliation process as a model, they can ensure effective communication among patients, their families,
and care providers and facilitate interventions when necessary to achieve high medication safety standards.
As TOC clinics continue to emerge, we should expect further improvements in patient safety, readmission
rates decrease, and health-systems savings from reductions in avoidable costs.
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Technician Corner: Pharmacy Technician Role in the Pediatric Asthma Study
Aspen Chappelle, CPhT, Patient Access Specialist
Tricia Schneider, PharmD, PGY2 Community Health-System Pharmacy Administration Resident
Pharmacy technicians are an integral part of the workings of pharmacy and a huge part of patient care. From
start to finish the pharmacy technician is hands-on with all the medications that come through the door.
Making a pharmacy technician a key role in the Pediatric Asthma Study at Johns Hopkins was necessary to
ensure high quality patient care. My role includes prescription input, insurance adjudication, delivery, and
receiving medications.
The pharmacy involvement in the Pediatric Asthma Study evolved from a strong financial and dispensing
support relationship with the Johns Hopkins Home Care Group. Many of the providers caring for these new
patients have relied on the insurance navigation assistance provided by the Prior Authorization Team within
the Johns Hopkins Home Care Group Pharmacy Services and wanted to expand their assistance to support
additional patients. As such, the technician support required to help manage these patients requires unique
expertise in various areas of pharmacy workflow.
Data entry is a very important job completed by pharmacy technicians where handwritten, electronic, or faxed
scripts are transcribed into the dispensing software and billed to the patient’s insurance plan. At this starting
point in the dispensing process, it is important to label prescriptions that require special handling or are
indicated for a special population to help ensure each prescription is triaged appropriately. For the patients
participating in the Pediatric Asthma Study, we label the prescriptions and flag them in the system as “Peds
Asthma.” We work closely with the providers and members of the clinic to ensure a heightened awareness of
the prescriptions from start to finish through the dispensing process. Once the prescription is labeled we can
type the prescription per the provider’s directions, and reach out to the provider for clarification, as required.
Pharmacists are instrumental in clarification and corrections due to the clinical nature of the process.
Within outpatient pharmacy, an issue commonly encountered is insurance adjudication and technicians are
very well-placed to handle any problems encountered during prescription processing. Insurance issues often
pertain to a drug being considered “non-formulary” which may require prior authorization from the patient’s
physician. Prior authorization is a requirement that your physician supply additional information to your
health insurance plan to prove the appropriateness of the medication for the patient’s illness. Prior
authorization is a technique often used to minimize costs, wherein benefits are only paid if the medical care
has been pre-approved by the insurance company. Within the Johns Hopkins Home Care Group Pharmacy
Services, we have dedicated pharmacy technicians working with our pediatric asthma providers to obtain a
prior authorization, appeal to the insurance company, and perform all steps necessary to ensure our patients
can receive their medications. We use a program called “CoverMyMeds” to triage our prior authorizations.
CoverMyMeds is a website that enables providers, pharmacists, and their staff to fill out prior authorization
requests electronically. Our Prior Authorization Specialists, who are also technicians, have an open dialogue
with the providers in the study. Through emails and Skype we communicate with providers to advise them and
obtain the necessary information to enable insurance coverage. This open dialogue allows for rapid response
6
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from both the provider and insurance perspective.
The second important step of the dispensing process is the manual filling of the medication. This is where
pharmacy technicians check inventory for the prescription and package the medication as appropriate. Delays
can occur at this point in the process when inventory issues impede the efficient filling of the medication. Our
inventory specialist works hard to make sure our inventory reflects our business needs, but we do encounter
insufficient stock when unexpected changes in volume requirements occur. When delays do occur, we
communicate with the patient and the provider team and make arrangements to acquire the needed
medications as soon as possible. This open dialogue between the pharmacy, patient, and providers allows for
efficient prescription processing and helps to ensure our patients have a great experience with the pharmacy
overall.
The final step of the process is setting up delivery and communicating to the parents to ensure they will be
available to pick up the prescriptions or sign for the packages when they arrive at the patient’s home. When
medications are ready to be dispensed, technicians will call the patient’s parent or guardian to ask them their
preferred method of receiving the medications, via mail or at the pharmacy. Johns Hopkins Home Care Group
Pharmacy Services is privileged to offer our patients free delivery to ease the burden of taking medications
and encourage the patients to maintain adherent. Communication is key to any prescription process, but for
these prescriptions in particular we make sure to keep parents and providers in the loop every step of the
way.
Pharmacy technicians are an important part of the pharmacy, not only with studies like these but in everyday
functions. Pharmacy technicians have a role in patient care and patient safety, from receiving the prescription
to delivering the medication.
References:
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Legislative Update
Contraceptives: Expanding Pharmacist Scope of Practice
Tricia Schneider, PharmD, PGY2 Community Health-System Pharmacy Administration Resident
Michael Grimes, PharmD, MBA, Clinical Pharmacy Manager, Infusion Pharmacy Services
On July 2, 2018, the pharmacist’s authority to prescribe birth control was written into the Code of Maryland
Regulations (COMAR). Following successful implementation in California, Colorado, and Oregon, the Maryland
Board of Pharmacy has implemented legislation to allow qualified pharmacists across the state to prescribe
contraception for eligible patients. This legislation will enhance access to care for patients who are unwilling or
unable to see a physician but are considering contraceptive options by allowing pharmacists who have
completed a qualified training program to prescribe and dispense contraceptive agents.
In the months since the publication of the legislation, the Maryland Board of Pharmacy and representatives
from the pharmacy associations across the state have been working to create rules regarding how to properly
triage and care for the patients interested in obtaining contraception through pharmacist support. A series of
documents have been adapted from the states already utilizing pharmacists to prescribe contraception and
are currently in the comment period. To assist pharmacists in selecting the appropriate therapy for patients,
the documents include a self-assessment survey, referral and visit summary, and clinical algorithm for risk
7

Volume 43, Issue No. 1
First Quarter

factors associated with hormonal contraception. Members of the MSHP Legislative committee, namely Molly
Wascher, Janet Lee, and Nicole Kiehle, have been present to ensure the opinion of the members of MSHP is
incorporated into the new rules.
Education programs are being developed through the University of Maryland School of Pharmacy and the
Maryland Pharmacy Association to standardize certification across the state and help to streamline eligibility
criteria for those interested in providing this service for their patients. Next steps with this legislation include
finalizing the appropriate documents for therapeutic use, refining eligibility standards, and sharing this
information with the pharmacists across the state. If you are interested in learning more about this exciting
legislation, or wish to have your comments heard, please reach out to the members of the MSHP Legislative
Committee: Molly Washer [mwasche1@jhmi.edu] or Nicole Kiehle [nkiehle1@jhmi.edu], Co-Chairs.
Pediatric Spotlight
Honey: Is it On Your Formulary?
Amy Kruger Howard, PharmD, Pediatric Pharmacy Fellow; Jill A. Morgan, PharmD, BCPS, BCPP
University of Maryland School of Pharmacy
Currently in pediatrics, honey is recommended to treat cough in children over the age of one year. Use in
patients less than one year should be avoided due to an association with an increased risk of botulism.1
A recent study by Anfang and colleague proposes a novel use for honey. Researchers demonstrated that
honey can be used in conjunction with sucralfate to minimize serious outcomes of button battery ingestions.
The study, published in Laryngoscope, suggests timely and repeated administration of honey and sucralfate
while awaiting further medical evaluation and need for surgical intervention may reduce injury and improve
outcomes.2
Button batteries, made of lithium cells, are commonly used in household electronic devices including remote
controls and thermometers. Younger children often gravitate towards a battery’s shiny and candy-like
appearance. With batteries shrinking in size and becoming more powerful, children less than six are
particularly vulnerable to harm resulting from their ingestion. Despite a relatively consistent number of
battery ingestions in the last decade, the percentage of moderate, major, or fatal outcomes from ingestions
has increased with a marked uptick since 2016.3 Among children less than six years of age, 62% of battery
ingestions were attributed to children gaining access to batteries from a product.4 However, battery ingestion
does not occur exclusively in children. In 2017, the National Poison Data System attributed 750 of the year’s
3,244 ingestions to adults.3 The American Academy of Pediatrics (AAP) suggests that 81% of battery ingestions
in adults were loose batteries, 15% of which were attributed to patients confusing the batteries for
prescription medications.4
The National Button Battery Task Force has recommendations focused on prevention of ingestion, but little
has been published about post-ingestion risk mitigation while awaiting potential endoscopic removal.
PoisonDex currently recommends only supportive care in addition to X-ray, excepting cases of aspiration,
impactions, or severe mucosal injury which merit endoscopic removal or surgical repair.5 The mechanism of
injury occurs as body water closes the battery circuit resulting in production of an alkaline solution which can
erode endothelial tissue. Previous studies note that endothelial damage can occur within 2 hours of
ingestion.4 Honey and sucralfate work by neutralizing the caustic pH. Additionally, honey acts as a physical
barrier to the alkaline solution due to its viscosity.
Based on the study findings the authors recommend 10 mL (2 teaspoons) of commercially available honey be
8
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given every 10 minutes for up to six doses within the first 12 hours of ingestion while a child is being
transported to a medical facility. However, authors make clear that administration of honey should not delay
or be given in lieu of acute medical attention. Upon x-ray confirmation of battery location, practitioners can
consider administration of sucralfate 1gm/10mL every 10 minutes for up to three doses. The study
acknowledges the concern for aspiration risk from administering these oral agents in instances where surgical
intervention is deemed necessary, but consensus among specialists is that the benefit outweighs the risk. 2 Of
note, the in vivo experiments were conducted in piglets and no study to date has been conducted in human
subjects.
References:
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New Drug Update: Revefenacin (YupelriTM) for Chronic Obstructive Pulmonary Disease
June Trinos, PharmD Candidate 2019, University of Maryland School of Pharmacy
On November 9, 2018, revefenacin (YupelriTM) was approved by the FDA for the maintenance treatment of
chronic obstructive pulmonary disease (COPD). This inhalation solution is a long-acting muscarinic antagonist
(LAMA) that acts as a bronchodilator. Revefenacin makes its mark as the newest medication in its class and as
the first once-daily LAMA approved as an oral solution to be used by nebulizer.1
For many patients with moderate to severe COPD or those who are at higher risk for COPD exacerbations,
monotherapy with a LAMA is considered a first line medication for maintenance therapy. 2 Revefenacin is often
referred to as an anticholinergic and has an affinity to the subtypes of muscarinic receptors M1 to M5. It
works through the inhibition of the M3 receptors at the smooth muscles of the airways, which leads to
bronchodilation.1 Another advantage of this medication is its lower potential for anti-muscarinic side effects
and has shown long-acting bronchodilation similar to tiotropium bromide.3
The FDA approved revefenacin based on the results from two clinical trials that assessed the efficacy of this
medication over 12 weeks. These phase III, randomized, double-blind, placebo-controlled, parallel group trials
assessed 813 adult patients at 119 sites in the United States.4 Participants had to have a clinical diagnosis of
COPD, a history of smoking greater than or equal to a 10 pack-years, moderate to very severe COPD (postipratropium FEV1 less than or equal to 80% of predicted normal values but at least 700 mL), and an FEV1/FVC
ratio of 0.7 or less. These studies included adults aged 40 years and older for both male and female
participants with COPD and excluded females who were pregnant, lactating, breast-feeding, or planning to
become pregnant during the study. Primary outcome measures included pulmonary function tests following
12 weeks of treatment to assess the efficacy of once-daily revefenacin. At baseline, the mean postbronchodilator percent predicted FEV1 was 55% and post-bronchodilator FEV1/FVC ratio was 0.54.
Additionally, 37% of the subjects enrolled in the trial were taking a LABA or ICS/LABA therapy at study entry
and participants continued this treatment during the study. Both trials evaluated revefenacin 88 mcg or 175
mcg once daily or placebo once daily. The primary endpoint was the change from baseline in trough (pre-dose)
9
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FEV1 at day 85.3 For both trials the least square mean difference from placebo was 146 for revefenacin 175
mcg once daily in trial 1 and in trial 2 the least square mean difference from placebo was 147 based on the
intent- to-treat analysis, showing a significant improvement in lung function compared to placebo.1
Common adverse reactions that occurred with a frequency of greater than or equal to 2% in the revefenacin
group and higher than the placebo in these trials include cough (4%), nasopharyngitis (4%), upper respiratory
tract infection (3%), headache (4%), and back pain (2%). Warnings and precautions issued for the use of
revefenacin include deterioration of COPD and acute episodes, paradoxical bronchospasm, worsening of
narrow-angle glaucoma, worsening of urinary retention, and immediate hypersensitivity reactions.1
For patients who prefer nebulized therapy for COPD, this treatment offers convenience with its once-daily
dosing as a long-acting bronchodilator based on these studies. These studies also show that this treatment
may be suitable for patients who have moderate to severe COPD. Each unit-dose vial contains 175 mcg and
should be opened immediately before use and administered once daily by the orally inhaled route via a
standard jet nebulizer connected to an air compressor with each treatment lasting for about 8 minutes. This
medication should not be mixed with other medicines in the nebulizer.1
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New Drug Update: Eravacycline (Xerava™)
Bernard Anarfi, PharmD Candidate, University of Maryland School of Pharmacy
Chioma Esoga, Pharm.D, Clinical Pharmacist; Drug Information Specialist, University of Maryland Medical Center
Antimicrobial resistance remains a global threat to medical therapy, both in acute and ambulatory care
settings. The rapid emergence of resistant bacteria has caused several antibiotics to be less efficacious. An
estimated 23,000 people in the United States die each year due to infections with resistant bacteria. Also,
complicated intra-abdominal infections have a high mortality risk, especially in the Intensive Care Unit (ICU).
As such, the development of new broad spectrum antibiotics to combat these resistant strains is of utmost
importance.5
Eravacycline (Xerava) is a new synthetic fluorocycline antibacterial developed by Tetraphase Pharmaceuticals,
and indicated for treating complicated intra-abdominal infections (cIAI) in adult patients. Eravacycline has a
broad spectrum of activity and is potent against susceptible organisms, multi-drug resistant (MDR), aerobic
and anaerobic Gram positive and negative pathogens.4,7 Specifically, eravacycline has potent activity against
carbapenem-resistant Enterobacteriaceae (CRE), extended-spectrum beta-lactamase-producing (ESBL)
Enterobacteriaceae, carbapenem-resistant Acinetobacter baumannii, methicillin-resistant Staphylococcus
aureus (MRSA), and vancomycin-resistant enterococci (VRE). However, eravacycline lacks activity against
Pseudomonas aeruginosa.2 It was approved by the food and drugs administration (FDA) in August 2018. 7
Mechanism of action: Eravacycline binds to the 30S subunit of ribosomes. This leads to disruption of bacterial
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protein synthesis, as amino acids are prevented from being added to the growing peptide chain. 4,7
Clinical Trial: Pharmacokinetics, safety, and urinary excretion of intravenous eravacycline were ascertained
through Single-ascending dose (SAD) and multiple-ascending dose (MAD) studies. The SAD and MAD studies
comprised 56 and 32 participants respectively. These studies were randomized, double-blinded, and placebo
controlled and involved healthy study participants. The results of these studies showed that a dose of 1mg/kg
every 12 hours for the treatment of cIAI was therapeutic and safe.2
The IGNITE (Investigating Gram-Negative Infections Treated with Evaracycline) Phase III clinical trials (IGNITE1
and IGNITE4 for cIAI, IGNITE2 and IGNITE3 FOR cUTI) were conducted to evaluate microbiological and clinical
response to eravacycline. IGNITE1 and IGNITE4 comprised of 846 participants for both trials. 1,5 IGNITE1 trial
randomized cIAI patients, with one group receiving IV eravacycline 1 mg/kg every 12 hours and the other IV
ertapenem 1000 mg every 24 hours. Eravacycline achieved statistical non-inferiority to ertapenem in clinical
response. Similar results were seen in the IGNITE4 trial, in which the comparator group received meropenem 1
g every 8 hours. IGNITE2 and IGNITE3 trials enrolled 1205 complicated urinary tract infections (cUTI) patients
in total. The comparators were IV levofloxacin 750 mg every 24 hours and IV ertapenem 1g every 24 hours
respectively for the treatment of cUTI. The two trials failed to demonstrate non-inferiority to the comparator
agents. Therefore, eravacycline was not FDA approved for UTI.5
Dosage: The recommended dose of eravacycline is 1mg/kg of intravenous infusion given over a 60-minute
duration every 12 hours.7 The total duration of treatment is 4 to 14 days, depending on the patient’s response
to therapy, as well as severity and site of the infection. There is no renal dose adjustment needed. However,
there is a need for dose adjustment in severe hepatic impairment (Child Pugh C). The hepatic dose adjustment
recommended is 1mg/kg every 12 hours on Day 1. Then, 1mg/kg every 24 hours on Day 2 for a total treatment
duration of 4 to 14 days.7
Available Products: Eravacycline is currently available as a 50 mg intravenous lyophilized powder for solution
preparation.3
Adverse Reactions/Events: The most common side effects of eravacycline include injection site reactions,
dose-related nausea and vomiting, and superficial phlebitis. Serious side effects include tooth discoloration
and bone growth inhibition, particularly in pediatric patients less than 8 years old. 3,7
Drug-drug Interactions: The concomitant use of eravacycline with strong CYP3A4 inducers will lead to a
decrease in the plasma concentration of eravacycline, as eravacycline is metabolized mainly by CYP3A4
enzymes. Therefore consider increasing the dose of eravacycline to 1.5mg/kg every 12 hours when combined
with strong CYP3A4 inducers. Also, anticoagulant doses may need to be reduced when on eravacycline.7
Comparative Therapy: Eravacycline compares favorably with standards of care medications such as
tigecycline. Both medications are FDA approved for treating cIAI, dose adjusted for severe hepatic impairment
(Child Pugh C), and both are administered only via the intravenous route (oral formulation of eravacycline is
being developed and evaluated). In vitro studies found eravacycline to be more potent than tigecycline against
Gram-positive, Gram-negative, and anaerobic organisms, including MDR organism such as MRSA, VRE, CRE,
ESBL Enterobacteriaceae, and carbapenem-resistant Acinetobacter baumannii. Both drugs do not cover
Pseudomonas aeruginosa. Pancreatitis, which has been reported in tigecycline use, was not reported with
eravacycline. In cIAI patients, eravacycline produced very high clinical cure rates (IGNITE1 and IGNITE4)
comparable to standard treatments (ertapenem and meropenem). This makes eravacycline an important
addition to cIAI treatment modalities which include tigecycline.4,5,6,7
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Cost: Eravacycline costs $525 for a 12 pack of 50mg vials (about $43.75 per vial) while tigecycline which costs
$88.96 per 50mg vial. Both are single dose vials.
Place in therapy: The determination of place in therapy will depend on the therapeutic benefits seen in “real
world” clinical practice, specifically relating to safety and efficacy. Some limitations include eravacycline not
being indicated for treating cUTI and the data for its use in cIAI did not exceed 14 days. Antibiotic
stewardship is needed to prevent drug-resistant bacteria and maintain eravacycline’s effectiveness.1,2,7
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A Review of the 2018 Clinical Practice Guidelines for the Prevention and Management of Pain,
Agitation/Sedation, Delirium, Immobility, and Sleep Disruption (PADIS) in Adult Patients in the ICU 1
Franco Buzzalino, PharmD Candidate; University of Maryland School of Pharmacy
Rachel Kruer, PharmD, BCPS, BCCCP, CNSC; Indiana University Health
The 2018 PADIS guidelines were published in September 2018, expanding upon the topics covered in the 2013
Pain, Agitation, and Delirium (PAD) guidelines to include immobility and sleep disruption.1,2 As the majority of
data regarding PADIS is conflicting, low quality, or insufficient to apply to all patients, only 2 of the 37
guideline recommendations are considered “strong recommendations,” with the remaining considered
“conditional recommendations.” Below is a summary of each section of the 2018 PADIS guidelines.1
Pain
Pain is a common experience in ICU patients due to a variety of psychologic and demographic factors,
including, anxiety, depression, young age, and comorbid conditions. Pain can also be induced by procedures,
surgery, or trauma. Due to the complexity of patients in an intensive care unit (ICU) setting, pain may be one
of the most difficult conditions to handle; thus, requiring a systematic and routine approach for assessment
and management.3 The standard assessment tool for pain in individuals who are capable of communicating is
patient-self report via a 0-10 Numeric Rating Scale (NRS) (ungraded statement). On the other hand, in
individuals incapable of communicating but demonstrating observable characteristics, validated and reliable
behavioral pain scales, such as the Behavioral Pain Scale (BPS: intubated; BPS-NI: non-intubated) and the
Critical-Care Pain Observation Tool (CPOT), are useful assessment tools for pain (ungraded statement). In
particular circumstances where patients are unable to self-report, it may be appropriate for a family member
to be employed as a proxy to assist in the pain assessment of an individual (ungraded statement). Vital signs
should only be used to alert healthcare practitioners regarding the need for additional pain assessment, but
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not as surrogates for pain in ICU patients (ungraded statement).1
Although opioids are considered first line agents for pain management, they are associated with significant
risks, including over-sedation, delirium, respiratory depression, ileus, prolonged length of stay (LOS), and
unfavorable outcomes.4 For this reason, a multi-modal analgesia approach, comprised of non-opioid
analgesics (i.e. acetaminophen, ketamine, lidocaine, neuropathic agents, and non-steroidal anti-inflammatory
drugs (NSAIDs)), and non-pharmacologic interventions has been recommended by the panel to achieve
appropriate analgesia and reduce opioid use (Table 1).1
Table 1. Guideline Recommendations for Analgesia1
Category
Opioids

Adjunct

Alternative

Nonpharmacologic

Recommendation
Opioids are considered first line agents for pain
management and should be administered at lowest
effective dose
Opioids should be used at lowest effective dose for
procedural pain

Strength (Quality of Evidence)
Ungraded

Acetaminophen as an adjunct to opioids to decrease pain
and opioid consumption
Low-dose ketamine as an adjunct to opioids to reduce
opioid consumption in postsurgical adults
Gabapentin, carbamazepine, and pregabalin as adjunct to
opioids for neuropathic pain management
Gabapentin, carbamazepine, and pregabalin as adjunct to
opioids for pain management after cardiac surgery
IV lidocaine as an adjunct to opioids is not recommended

Conditional (Very Low)

COX-1 selective NSAID as an adjunct to opioids is not
recommended
Topical NSAID gel for procedural pain is not recommended

Conditional (Low)

Local analgesia or nitrous oxide for pain management
during chest tube removal is not recommended
Inhaled volatile anesthetics for procedural pain is not
recommended
NSAID (IV, PO, or rectally) as an alternative to opioids for
procedural pain management during small or infrequent
procedures
Massage therapy recommended for pain management

Conditional (Low)

Music therapy recommended for management of
nonprocedural and procedural pain management
Cold therapy recommended for procedural pain
management
Relaxation techniques recommended for procedural pain
management
Cybertherapy or hypnosis for pain management is not
recommended

Conditional (Low)
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Conditional (Moderate)

Conditional (Very Low)
Strong (Moderate)
Conditional (Low)
Conditional (Low)

Conditional (Low)

Strong (Very Low)
Conditional (Low)

Conditional (Low)

Conditional (Low)
Conditional (Very Low)
Conditional (Very Low)
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The guidelines recommend addressing pain assessment and management prior to sedation via a protocolized
assessment process (conditional recommendation, moderate quality of evidence). Prioritization of pain
management may be achieved by the use of analgesic therapy before the consideration of sedatives
(analgosedation) or by the use of analgesics instead of sedatives to obtain desirable sedation. 1
Agitation and Sedation
Individuals who are in a critically ill state frequently experience significant anxiety and agitation for a variety of
reasons, and require sedatives to avoid further harm.2 However, in the setting of variable pharmacokinetics
and pharmacodynamics among this population, sedatives may result in adverse events.5,6 For this reason, the
use of sedatives should be frequently assessed with validated scales, such as the Richmond Agitation-Sedation
Scale (RASS) or the Riker Sedation-Agitation Scale (SAS).1,7,8
Although the authors don’t clearly define light sedation, the guidelines recommend light sedation over deeper
sedation in mechanically ventilated adults in the ICU setting (conditional recommendation, low quality of
evidence). The 2013 PAD guideline definition of light sedation (RASS > -2 and eye opening for > 10 minutes) is
thought to be likely deeper than required for mechanically ventilated patients. 1,9 The PADIS guideline authors
suggest that light sedation may be appropriately achieved through daily sedative interruption (DSI) or
spontaneous awakening trial (SAT) protocols, along with nursing-protocolized (NP)-targeted sedation
(ungraded statement). DSI or SAT is defined as daily interruption of sedatives to achieve awakening or arousal
(SAS score of 4-7 or RASS score of -1 to +1). NP-targeted sedation allows nurses to follow a sedative titration
protocol to achieve desired sedation scores.1
In choosing an appropriate sedative regimen, some decisive factors to consider include, indication, benefits,
risks, sedation goals, pharmacology, and cost.1 The 2013 PAD guideline consensus on the use of propofol or
dexmedetomidine in place of benzodiazepines for sedation of critically ill adults, remains relevant in the
updated version (Table 2).1,2 Although evidence on the efficacy and safety of physical restraints is lacking, they
are frequently used by healthcare professionals in the ICU setting (ungraded statement).1
Table 2. Guideline Recommendations for Sedation1
Recommendation

Strength (Quality of
Evidence)

Propofol or dexmedetomidine over benzodiazepine for sedation in critically
ill, mechanically ventilated adults

Conditional (Low)

Propofol over benzodiazepine for sedation in mechanically ventilated adults
after cardiac surgery

Conditional (Low)

Delirium
Delirium is a common condition that occurs in critically ill adults and is thought to be associated with some
modifiable risk factors, including benzodiazepine use and blood transfusions, as well as non-modifiable risk
factors, such as older age, dementia, prior coma, pre-ICU emergency surgery or trauma, increasing Acute
Physiology and Chronic Health Evaluation (APACHE) scores, and increasing American Society of Anesthesiology
(ASA) scores (ungraded statement).
It is recommended that frequent evaluation for delirium should be conducted using a validated screening tool,
such as the Confusion Assessment Method in the ICU (CAM-ICU) and Intensive Care Delirium Screening
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Checklist (ICDSC) in critically ill adults (ungraded statement).1 However, delirium assessments using the
aforementioned screening tools may be unreliable in sedated or unarousable individuals, as they were mostly
evaluated among patients with a RASS of 0 to -2.10-13 In the setting of unclear evidence regarding the
prevention and treatment of delirium, the panel provides a number of conditional pharmacologic and nonpharmacologic recommendations (Table 3).1
Table 3. Guideline Recommendations for Prevention and Treatment of Delirium1
Recommendation

Strength (Quality of Evidence)

Pharmacologic Recommendations
Haloperidol, atypical antipsychotics, dexmedetomidine, statins, or ketamine
should not be used to prevent delirium in all critically ill adults

Conditional (Very Low to Low)

Haloperidol or atypical antipsychotics should not be used to treat subsyndromal delirium in critically ill adults

Conditional (Very Low to Low)

Haloperidol, atypical antipsychotics, or statins should not be used routinely
to treat delirium

Conditional (Low)

Dexmedetomidine is suggested for delirium in mechanically ventilated adults
where agitation is precluding weaning/extubation

Conditional (Low)

Non-pharmacologic Recommendations
Bright light therapy is not suggested to reduce delirium in critically-ill adults

Conditional (Moderate)

The panel suggests a multicomponent non-pharmacologic intervention,
focused on the following:
• Reduce or shorten delirium: re-orientation, cognitive stimulation,
use of clocks
• Improve sleep: minimize light and noise
• Improve wakefulness: reduce sedation
• Reduce immobility: early rehabilitation/mobilization
• Reduce hearing and visual impairment: enable use of hearing aids or
eye glasses

Conditional (Low)

Immobility (Rehabilitation/Mobilization)
Due to prolonged immobility, it is common for critically ill patients to experience ICU-acquired muscle
weakness (ICUAW) .14,15 However, rehabilitation and mobility modalities have demonstrated efficacy in
preventing ICUAW. The 2013 PAD guidelines introduced mobilization strategies under the management of
delirium, but in the setting of expanding literature, a new immobility section was created in the updated
guidelines.1,2
The panel suggests the use of rehabilitation or mobilization strategies in critically ill patients may result in
improved patient, family, and health system outcomes (conditional recommendation, low quality of evidence).
Patients should demonstrate cardiovascular, respiratory, and neurologic stability prior to initiating, and should
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be discontinued upon development of instability, or other circumstances (i.e. falling, medical device
removal/malfunction, patient distress) (ungraded statement). Those who are stable on vasoactive infusions or
mechanical ventilation should not be deterred from rehabilitation or mobility initiation (ungraded statement).1
Sleep Disruption
According to the panel, critically ill patients experience normal total sleep time and sleep efficiency, increased
sleep fragmentation, less time in deep sleep, poor sleep quality (ungraded statement). Although the data on
whether sleep disruption causes delirium has not been fully elucidated, delirium has been reported to disrupt
sleep by decreasing rapid eye movement (REM) sleep and increase circadian rhythm disruption (ungraded
statement). Additionally, in limited studies mechanical ventilation has also been identified as a potential risk
factor for sleep disruption. (ungraded statement).1
Some additional risk factors that have been associated with poor sleep quality in the ICU setting include, pain,
environmental stimuli, health-care-related interruptions, psychologic factors, respiratory factors, medications,
and use of pharmacologic sleep aids at home (ungraded statement). The pharmacologic and nonpharmacologic recommendations for sleep improvement made by the panel are reported in Table 4.1
Table 4. Pharmacologic and Non-pharmacologic Recommendations to Improve Sleep1
Recommendation

Strength (Quality of Evidence)

Physiologic sleep monitoring in critically ill adults is not routinely recommended

Conditional (Very Low)

Use of assist-control ventilation at night is suggested over pressure support
ventilation to improve sleep

Conditional (Low)

No recommendation on the use of adaptive mode of ventilation over pressure
support ventilation at night

No Recommendation (Very Low)

Non-invasive ventilation (NIV)-dedicated ventilator or standard ICU ventilator for
critically ill adults requiring NIV to improve sleep

Conditional (Very Low)

Use of aromatherapy, acupressure, or music at night to improve sleep is not
recommended

Conditional (Low)

Reduction of noise and light are suggested to improve sleep

Conditional (Low)

No recommendation on the use of melatonin or dexmedetomidine to improve sleep

No Recommendation (Very Low, Low)

It is suggested not to use propofol to improve sleep in critically ill adults

Conditional (Low)

A sleep-promoting, multicomponent protocol in critically ill adults is recommended to
improve sleep

Conditional (Very Low)

Although the majority of recommendations in the 2018 PADIS guidelines are conditional, these guidelines are
a valuable resource to clinical practice, but should be supplemented with primary literature.
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Chemotherapy Induced Cognitive Impairment
Jill Modi, PharmD Candidate; Iqra Khaleel, PharmD Candidate
Steven Gilmore, PharmD, BCOP, The Johns Hopkins Hospital
Changes to cognitive function are frequently seen in patients with active cancer or survivors of cancer, which
is most commonly due to cancer itself, comorbidities, or treatment protocols including chemotherapy or
radiotherapies. Chemotherapy-related cognitive impairments (CRCI) is a term used to describe deficits in
memory, attention, concentration, executive function, or other related cognitive domains in patients who
have previously or are currently undergoing chemotherapy treatment. Also referred to as “chemo brain” or
“chemo fog”, patients will experience difficulty concentrating, remembering details, or completing routine
tasks.
A high-dose chemotherapy treatment protocol versus standard-dose protocol may have a role in the
increasing incidence of cognitive decline. A study conducted by the American Geriatrics Society looked at 34
patients on high-dose chemotherapy, 36 patients on standard-dose chemotherapy, and 34 control patients.
The high-dose and standard-dose groups’ experienced cognitive impairment of 32% and 17%, respectively.9
Neuropsychological tests measuring depression, health-related quality of life, and anxiety gauged changes in
cognition and found that high-dose chemotherapy regimens put patients at a higher risk for cognitive
impairment when compared to the control group.4 Unfortunately, discontinuing therapy does not necessarily
reverse the cognitive side effects. Janelsins et al. summarized that up to 75% of patients being treated for
their oncologic condition may experience some type of cognitive impairment during therapy, and up to 35% of
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patients may continue to exhibit some degree of limitation months to years after treatment discontinuation.611 Soliman et al. found that of 150 patients with a hematologic malignancy who completed chemotherapy
within the last six months 62% were cognitively impaired, and those who did not achieve remission had lower
cognitive scores.5 These two studies demonstrate the acute and chronic effects on cognition from cytotoxic
drugs; however, as chemotherapy is the standard of treatment for oncology patients, there is a need to
further improve the detection and management of CRCI to minimize long-term functional limitations.
Detection and Testing: Diminished cognitive function can lead to a lower quality of life, increased burden of
care, and decreased adherence to treatment regimens.19-20 In order to limit the impact of CRCI on patients,
cognitive evaluations should be routinely conducted so interventions may be implemented early on. Baseline
neuropsychological testing and frequent post-treatment testing allows for a more accurate representation of
cognitive decline over time, as well as detection of incremental differences in cognition specific to the patient.
10 While there is no single standardized assessment to evaluate the decline in cognitive impairment in this
patient population, the International Cancer and Cognition Task Force (ICCTF) recommends using three
neuropsychological testing measures together to gain a clearer understanding of the cognitive picture. The
Trail Making Test assesses learning, memory, and processing speed; the Hopkins Verbal Learning Test-Revised
(HVLT-R) assesses learning and memory; and the Controlled Word Association (COWA) test assesses executive
function.18 Pairing these results with a subjective assessment will provide for a more thorough depiction of
changes in cognition in both acute and longitudinal perspectives. However, this has yet to be adopted as a
standard of practice, adding to the challenges of detection and characterization of CRCI across different
practices and providers.
Proposed Etiologies: Many mechanisms have been proposed to elucidate the onset of chemotherapy-related
cognitive impairment. To date, research suggests mutations in apolipoprotein E (APOE) and catechol-omethyltransferase (COMT) may be genetic factors that play a role in cognitive dysfunction in these patients. 1516 Glycoprotein APOE is instrumental in the processing and distribution of lipids, as well as neuronal repair.
The apolipoprotein E-4 allele (APOE-4) has been previously implicated in a host of disease states characterized
by cognitive decline, such as traumatic brain injury and Alzheimer’s disease and now may also be a key genetic
player in CRCI.13 On the other hand, COMT plays an extensive role in regulating prefrontal dopamine levels,
and its ability to do so is compromised when an SNP polymorphism from COMT-Met to COMT-Val occurs. As
dopamine supports cognitive function, this polymorphism translates into decreased availability of dopamine
and a decline in cognitive function.13 Although CRCI has a multivariate etiology, having either of these
hereditary factors may make patients more susceptible to “chemo brain” and its cognitive challenges.
Nonspecific demographic factors may include advancing age, disease progression, race, gender, and
menopausal status, but there is limited evidence to prove a strong correlation between these factors and the
onset of CRCI. This is further confounded by the fact that the prevalence of cancer and cognitive decline are
both positively correlated with increasing age. According to the 2015 Surveillance, Epidemiology, and End
Results, the median age of cancer diagnosis was 66 years.14 An estimated 3% to 7% of patients with cancer
aged 65 years or older concomitantly experience some degree of dementia.16 Further research into
demographic related host factors and genetic predispositions are warranted to better understand the nonmodifiable risk factors of CRCI.
Fortunately, there is more evidence regarding the physiologic changes that occur in patients after
chemotherapy. A review of current literature summarized the following structural changes in the brain as
mechanisms of cognitive decline: reduced gray and white brain matter, disruption in diffuse brain network
connectivity, and direct brain injury due to high dose chemotherapy.12 Increased inflammation, cytokine
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production, and DNA damage have also been widely studied and accepted as mechanisms of neurotoxicity
related to cytotoxic agents.2 Lastly, certain therapeutic agents may also confer increased risk; for example,
paclitaxel and docetaxel regimens have been associated with increased cytokine IL-6, IL-8, and IL-10
production.2 These pathological changes provide us with more understanding about the condition and can
serve as potential therapeutic targets in the future.
Therapeutic Options: Until the underlying mechanisms of CRCI can be fully elucidated, treatment will remain a
challenge. Non-pharmacologic measures including acupuncture, medical Qigong, cognitive rehabilitation,
behavioral modification, and management of distress and pain may be used initially to manage CRCI patients
in the beginning stages of cognitive decline.2,3 Pharmacologic treatment options include modafinil, donepezil,
memantine, or methylphenidate; however, the data from these studies is minimal and treatment durations
should be limited to prevent additional complications. Lundorff et al. conducted a double-blind, randomized,
crossover trial of 28 patients with advanced stage cancer with a single dose regimen of modafinil to assess
whether the intervention improved domains of cognitive function. Statistically significant results showed
improvement of drowsiness, depression, psychomotor speed, and attention when compared to the placebo
group.17
Conclusions and opportunities: The ability to provide self-care, remain compliant to medication regimens, and
maintain overall independence are all patient factors that may be negatively affected by CRCI. Despite the
growing incidence of cognitive decline in elderly patients undergoing chemotherapy, a limited amount of
research has focused efforts to elucidate the underlying mechanisms of CRCI and identify treatment options.
As part of the natural course of aging, cognitive function inherently declines. This creates a confounding effect
when redesigning research protocols to study the relationship between cognitive limitations and elderly
patients with cancer.
As new therapeutic modalities are enhancing the longevity of life in cancer survivors, the management of
“chemo brain” is paramount. Therefore, the need for answers is growing as CRCI becomes more prevalent and
impacts the lives of patients and their caregivers. As the incidence of CRCI continues to rise, nonpharmacologic interventions may be the most evidence-based approach for management and randomized
clinical trials are needed to evaluate interventions for the prevention of CRCI.
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A Review of Lenalidomide Maintenance Therapy in Multiple Myeloma
Franco Buzzalino, PharmD Candidate, University of Maryland School of Pharmacy
Steven Gilmore, PharmD, BCOP, The Johns Hopkins Hospital
Advancements in multiple myeloma therapies have prolonged the life expectancy of individuals with multiple
myeloma from three years in the late 1990s to early 2000s, to seven years in the past decade with the use of
induction chemotherapy, combined with autologous stem-cell transplantation (ASCT).1-3 Although induction
therapy with high-dose chemotherapy combined with ASCT previously demonstrated favorable outcomes, the
use of safer and more effective agents such as the immunomodulating drugs (IMiD) and proteasome inhibitors
(PI) have now emerged.2,3 In ASCT eligible patients, the current standard is to complete two to four months of
induction therapy with bortezomib, dexamethasone, and lenalidomide (VRD); bortezomib, thalidomide, and
dexamethasone (VTD); bortezomib, cyclophosphamide, dexamethasone (VCD); or carfilzomib, lenalidomide,
dexamethasone (KRD), followed by ASCT.3 This review will focus on the evidence behind lenalidomide use as
maintenance therapy following ASCT.
Maintenance therapy following ASCT is an approach that has been used to prolong the time to disease
progression.2 Interferon and glucocorticoids were commonly used in the 1990s as maintenance therapy to
suppress residual disease, but were later replaced by thalidomide due to toxicities. 1,2 Although studies from
the mid 2000s using thalidomide maintenance therapy showed improvement in progression free survival
(PFS), it posed a high risk for peripheral neuropathy and failed to demonstrate improvement in overall survival
(OS).4,5 For these reasons, thalidomide never became a standard for maintenance therapy. Lenalidomide, a
more potent and tolerable derivative of thalidomide, has become a standard for first line IMiD during
induction therapy, and more recently for maintenance therapy after stem cell transplant to delay progression
of myeloma.2,4
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Three phase III trials studying lenalidomide maintenance therapy following ASCT were published between
2012 and 2014.1,6,7 In patients with newly diagnosed multiple myeloma, the Intergroupe Francophone du
Myelome (IFM) study demonstrated a 59% PFS at three years in the lenalidomide group compared to 35% in
placebo, with no difference in OS at 45 months from randomization.1 However, the study was not powered to
demonstrate an improvement in OS. Subsequently, the Cancer and Leukemia Group B (CALGB) study
demonstrated a prolonged time to progression and improved OS, with 85% of patients alive in the
lenalidomide group compared to 77% in the placebo group at a median follow-up of three years.6 The
Grupppo Italiano Malattie Ematologiche dell’Adulto (GIMEMA) study further demonstrated a significantly
longer PFS (41.0 months vs. 21.6 months; HR 0.47; 95% CI, 0.33-0.65; P<0.001) with lenalidomide maintenance
therapy compared to no maintenance after high-dose chemotherapy and ASCT. However, there was no
significant difference in three-year OS.7
Amongst the studies that have investigated lenalidomide maintenance in recent years, the IFM, CALGB, and
GIMEMA studies included variations in treatment duration for maintenance therapy. 1,6,7 These differences are
likely a result of a failure to establish a duration of therapy a priori. The IFM study was terminated early in the
lenalidomide group at a mean duration of approximately two years, after noting an increase in second primary
malignancy in the lenalidomide group.1 The mean duration of maintenance therapy was approximately 2.5
years in the CALGB study and three years in the GIMEMA study.6,7 Due to these differences, the appropriate
duration of lenalidomide maintenance therapy remains unclear.
This was addressed in a study published by Mian et al (2016), attempting to define an appropriate length of
lenalidomide maintenance therapy to achieve a survival benefit while avoiding second primary malignancy.
The median PFS of 38 months and OS of 78 months reported in this study are comparable to those found in
other studies of lenalidomide maintenance therapy. Continuation of lenalidomide maintenance for greater
than two years compared to two years or less demonstrated a significantly improved PFS (HR 0.13, P<0.001)
and OS (HR 0.09, P<0.001). Additionally, lenalidomide maintenance for a duration of greater than three years
compared to three years or less showed further improvement in the PFS (HR 0.02, P=0.02) and OS (HR 0.05,
P=0.037). The authors suggest that patients should be continued on lenalidomide maintenance until disease
progression, as the appropriate length of lenalidomide maintenance beyond three years continues to be
unclear.8
The positive data that has been established on PFS with lenalidomide should be evaluated against the risks of
secondary malignancy that have been reported in several studies with lenalidomide maintenance therapy. As
previously mentioned, the IFM trial was terminated early due to increased incidence of secondary malignancy
in the lenalidomide maintenance arm. The lenalidomide group experienced 32 secondary primary cancers
(incidence of 3.1 per 100 patient years), compared to 12 in the placebo group (incidence of 1.2 per 100
patient-years).1 The CALGB study also demonstrated increased incidence of secondary primary cancers in the
lenalidomide group, with 8 hematologic malignancies (3.5%) and 10 solid-tumor cancers (4.3%) in the
lenalidomide group, compared to 1 hematologic malignancy (0.4%) and 5 solid-tumor cancers (2.2%) in the
placebo group.6
A meta-analysis of nine studies and 3,254 patients by Palumbo et al (2014), showed a significantly higher fiveyear cumulative incidence of all second primary malignancies among individuals who received lenalidomide
compared to placebo (6.9% vs. 4.8%; HR 1.55; 95% CI, 1.03-2.34), including a significantly higher five-year
cumulative incidence of hematologic second primary malignancy in the lenalidomide group compared to
placebo (3.1% vs. 1.4%; HR 3.8; 95% CI, 1.15-12.62; P=0.029). However, the five-year cumulative incidence of
solid second primary malignancy was not significantly higher in those who received lenalidomide compared to
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placebo (3.8% vs. 3.4%; HR 1.1; 95% CI, 0.62-2.0; P=0.72).9
In addition to the risk of second primary malignancy, lenalidomide maintenance therapy also has risk for other
adverse events. In the IFM study, grade 3 or 4 hematologic events (neutropenia, anemia, and
thrombocytopenia) occurred more frequently in the lenalidomide group compared to placebo (58% vs. 23%,
P<0.001). These events were mitigated with dose adjustments. The rates of thromboembolic events were
higher in the lenalidomide group (6% vs. 2%; P=0.01), while there was no difference in the rates of grade 3 or 4
febrile neutropenia and peripheral neuropathy. Of the IFM participants in the lenalidomide group, 27% had
discontinued treatment at the time of unblinding compared to 15% in the placebo group.1 In the CALGB study,
the rates of grade 3 or 4 hematologic events (neutropenia, thrombocytopenia, lymphopenia, anemia, and
leukopenia) and febrile neutropenia were significantly higher in the lenalidomide group compared to placebo.
Twenty-three of 231 participants (10%) in the lenalidomide group discontinued treatment due to adverse
events compared to two of 143 participants (1.4%) in the placebo group who did not cross-over to
lenalidomide.6 According to the manufacturer, other common adverse reactions ( 20%) for lenalidomide
include diarrhea, nausea, fatigue, anemia, constipation, peripheral edema, insomnia, muscle cramps, asthenia,
pyrexia, upper respiratory tract infections, gastroenteritis, rash, dizziness, dyspnea, decreased appetite, and
tremor.10
Another significant risk includes teratogenicity, which may be passed on to an unborn child from both males
and females. The distribution of lenalidomide has been restricted through the Revlimid Risk Evaluation
Mitigation Strategies (REVLIMID REMS). This program was established in 2010 to prevent fetal exposure from
lenalidomide. It has since been modified to include information regarding appropriate contraception practices
and increased risk of secondary malignancy and thromboembolism. The REVLIMID REMS program is an
arduous process that requires smooth coordination between prescribers, pharmacies, and patients.
Pharmacists in the outpatient oncology setting may have an essential role ensuring compliance with the REMS
related operations, including patient education and monitoring, to promote oral chemotherapy adherence,
prescription review, follow-up, and ultimately improve outcomes.10 In this setting, pharmacists have also been
involved with monitoring the selection and timing of appropriate supportive care including VTE, antibiotic
prophylaxis, and bone modifying therapy for multiple myeloma. Ultimately, the longevity of treatment and
maintenance therapy for multiple myeloma provides opportunity for community, specialty, and hospital
pharmacists to serve patients and other healthcare team members in ways that are invaluable to the
multidisciplinary care provided to patients with multiple myeloma.11
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