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I N A CONTINUING quest to be a one-stop shop to pharmacy professionals 
and students, Pharmacy Times® has upped its game on the podcast front in 

2021 and will continue to introduce more podcasts in 2022. 
Pharmacy Times® offers 7 podcasts: Pharmacy Focus, Women in 

Pharmacy, Move the Needle Monday, Pharmacy Tech Talk, Psychedelic 
Pharmacy, Independent Rx Forum, and for students, Study Break. In 2022, 
we plan to introduce Forensic Pharmacy, OTC Product Show, and Public 
Health Matters. 

The rich array of podcasts is, of course, in addition to our many other 
offerings, including videos, webcasts, and conference coverage.

In this print issue of Pharmacy Times® Directions in Health-System Phar-
macy™, we look ahead to next year in the cover feature, “COVID-19 Impact 
Will Continue to Dominate in 2022,” written by Deepali Dixit, PharmD, 
BCPS, BCCCP, FCCM. In the article, she says that trends to watch in the 
new year include increased spending on drugs and treatments, expansion of 
pharmacists’ roles, and an ongoing interest in home infusion therapy. 

Elsewhere in the issue, we offer coverage of whether aspirin is still recom-
mended to prevent heart disease and strokes, cellulitis and prostate cancer 
treatments, 503B compounding pharmacies, and helping patients safely 
handle medications to improve adherence. 

Meanwhile, Editor in Chief Curtis E. Haas, PharmD, FCCP, tackles the 
FDA revising compounding guidance in his Editor’s Note, highlighting that 
the agency’s interpretation may significantly affect how health systems and 
hospitals provide pharmaceuticals to patients.

As we approach the end of the year, we wish pharmacy professionals and 
pharmacy students a happy and safe holiday season. We hope that phar-
macists and other pharmacy staff members get a well-deserved break after 
working so hard in 2021.

And we once again salute pharmacists and pharmacy technicians for all 
they have done during the COVID-19 pandemic to keep communities and 
patients safe.

Thanks for reading!

Mike Hennessy Sr
C H A I R M A N  &  F O U N D E R
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From the Editor Connect With 
Directions in Health-System Pharmacy™

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

I N THIS ISSUE, my colleague 
Sharyl Zaccaglino, MS, director of 
research quality and compliance at 

the University of Rochester Medical 
Center in New York, provides a succinct 
overview of the requirements of section 
503B on outsourcing pharmacies.  

Her summary is timely given that on 

October 7, 2021, the FDA published 
revised guidance titled “Hospital and 
Health System Compounding Under 
Section 503A of the Federal Food, 
Drug, and Cosmetic Act” in the Federal 
Register.1 When finalized, this guidance 
could have a significant effect on the 
number of health systems and hospitals 
providing pharmaceuticals for the care 
of patients within their facilities and 
may lead to increased reliance on 503B 
outsourcing pharmacies. Immediately 
after the release of this revised guid-
ance, many were happy to learn that 
the absurd and arbitrary “1-mile rule” 
was dropped. However, we should be 
cautious in our celebration because 
other limitations are being introduced 
with this revision that, depending 
on interpretation, could greatly 
limit pharmacy practice.

Probably the single most important 
issue to understand with this guid-
ance is the FDA’s definition of a 
compounded drug and how that may 
contrast with how local boards of 
pharmacy and pharmacy professionals 
interpret the term.  

In the guidance, the FDA speaks 
about a compounded drug as a product 
used for patients “whose medical needs 
cannot be met by an FDA-approved 
drug product….” They go on to say 
that “compounded drugs are not FDA 
approved…” and that “…compounded 
drug products should only be used 
when an FDA-approved product is 
not available to meet the needs of an 
individual patient.”  

In other words, a health system phar-
macy that prepares an FDA-approved 
drug in accordance with its labeling 
and according to United States Phar-
macopeia (USP) standards for stability, 
sterility, and storage is not preparing 
a compounded drug product and those 
activities should be outside the scope 

FDA Revises Compounding Guidance
Agency’s Interpretation May Significantly Affect How Health Systems  
and Hospitals Provide Pharmaceuticals to Patients
B Y  C U R T I S  E .  H A A S ,  P H A R M D ,  F C C P,  D I R E C T I O N S  I N  H E A LT H - S Y S T E M  P H A R M A C Y ™  E D I T O R  I N  C H I E F

The document 
goes on to 
state that the 
FDA has limited 
enforcement 
resources and that 
it will be selective 
in its enforcement 
priorities according 
to criteria detailed 
in the document.

   about the editor  
curtis e. haas, 
pharmd, fccp, is the 
chief pharmacy officer 
for the University of 
Rochester health care 
system in New York.
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FROM THE 
EDITOR

of the guidance. This guidance is specifically concerned 
with the preparation of drug products that are not FDA 
approved by a health system or hospital pharmacy that 
is not registered as a 503B outsourcing pharmacy for the 
treatment of patient-specific needs, as documented by a 
patient prescription or order. 

Most pharmacists in health systems and hospitals refer 
to the preparation of nonsterile and sterile  
FDA-approved drugs as “compounding.” However, the 
FDA is quite clear in that this guidance is specifically 
concerned with the extemporaneous compounding of 
drug products that the agency has not approved. Of 
course, altering an FDA-approved drug to meet unique 
needs, such as using tablets to prepare an oral suspen-
sion, meets the definition of compounding under this 
guidance. We should interpret and apply this guidance, 
once finalized, according to its stated intent.

The document goes on to state that the FDA has 
limited enforcement resources and that it will be selec-
tive in its enforcement priorities according to criteria 
detailed in the document. This can also be interpreted 
as enforcement for compliance with 503A requirements 
for health systems and hospitals, which will remain 
primarily with local boards of pharmacy. It is reason-
able to anticipate that this guidance will be adopted 
by the state boards and maybe even before it has been 
finalized by the FDA. 

The challenge is that state boards of pharmacy may 
apply very different definitions of compounding than is 
presumably intended by this guidance.  

For example, in New York State, where I practice, our 
board defines compounding as the “combining, admixing, 
mixing, diluting, pooling, reconstituting, or otherwise 
altering of a drug or bulk drug substance to create a drug.”2  

This has been broadly interpreted to mean that 
even adding water to an FDA-approved amoxicillin 
suspension consistent with the approved label is 
“compounding.” Under this draft guidance, this 
product reconstituted in a hospital pharmacy would 
need to be discarded after 24 hours, despite the 
FDA-approved label indicating that the drug is stable 
for at least 10 days. 

More importantly, it is likely that the New York State 
Board of Pharmacy, and probably boards of pharmacy 
in many other states, will interpret any preparation 
of an FDA-approved drug product in a clean room as 
“compounding” under this guidance, which is argu-
ably not the intent.  

During the comment period, we should implore the 
FDA to clearly define what is meant by a compounded 
drug and ask that the intent of this guidance be limited 
to that category of drug products not approved by the 
agency. The preparation, storage, and distribution 
of FDA-approved drugs compliant with regulatory 
guidance and standards established by the FDA, 
Joint Commission, and USP should not be restricted 
further by this guidance.

The guidance is clearly intended to compel health 
systems to rely on 503B registered outsourcing phar-
macies for most compounding needs, based upon the 
assumption that FDA-regulated pharmacies will lead 
to higher quality and patient safety. Ironically, all the 
examples cited in terms of patient safety issues were 
from outsourced pharmacy providers, not health system 
or hospital pharmacy providers. 

As I have written previously in this column, 
outsourcing pharmacies have found a loophole in the 
federal regulations that allows them to compound 
products using bulk active pharmaceutical ingredients 
without an approved drug application. This is essentially 
creating a shadow pharmaceutical industry without the 
safeguards intended by the Food, Drug, and Cosmetic 
Act, which the FDA is responsible for upholding.3 In 
fact, it is becoming difficult to find outsourced products 
that are not compounded using active pharmaceutical 
ingredients, despite no shortage of FDA-approved drugs. 
I suspect this is being driven by profit at the potential 
expense of patient safety. For those of us who do not 
wish to partake in this quasi-legal pharmaceutical 
industry, a broad application of this guidance by local 
boards of pharmacy may force our hands. The good news 
is that if history is any indicator, it will likely take the 
FDA several years to finalize the guidance. ■

  R E F E R E N C E S
1. Hospital and health system compounding under section 503A of the Federal Food, Drug, and 

Cosmetic Act. FDA. October 2021. Accessed October 28, 2021. https://www.federalregister.gov/

documents/2021/10/07/2021-21970/hospital-and-health-system-compounding-under-section-503a-

of-the-federal-food-drug-and-cosmetic-act

2. Regulations of the Commissioner: part 63, pharmacy and registered pharmacy technicians. New 

York State Department of Education, Office of the Professions.  Updated April 13, 2021. Accessed 

October 28, 2021. http://www.op.nysed.gov/prof/pharm/part63.htm#6314

3. Haas CE. API sourcing: is this really a good idea? Pharmacy Times®. Directions in 

Health-System PharmacyTM. November 17, 2019. Accessed October 28, 2021. https://

www.pharmacytimes.com/publications/health-system-edition/2019/November2019/

api-sourcing-is-this-really-a-good-idea
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Patients With Cancer Have Unique Considerations When Receiving Vaccines

P ATIENTS RECEIVING CANCER treatment may not 
achieve full immunity with the first 1 or 2 doses of 
COVID-19 vaccines. Additionally, the type of treatment 

could influence the response they have, according to findings 
from 2 recent studies.

Results from the first study, published in Nature Medi-
cine,1 by investigators at the University of Arizona Health 
Sciences, show that patients undergoing active chemo-
therapy had a lower immune response to 2 doses of the 
COVID-19 vaccine. However, the investigators found that a 
third dose increased patients’ response.1

A team of investigators analyzed 53 patients receiving 
immunosuppressive active cancer therapies, such as 
chemotherapy, to compare immune responses following the 
first and second doses of the Pfizer-BioNTech COVID-19 
vaccine with responses from 50 healthy adults.1

After 2 vaccine doses, most of the patients with 
cancer showed some immune response to the vaccine, 
which meant that they had antibodies for SARS-CoV-2, 
according to the study results.1

“We were pleasantly surprised,” investigator Deepta 
Bhattacharya, PhD, said in the statement. 

However, the investigators noted that the immune response 
among patients with cancer was much lower than responses 

in healthy adults and a few of the patients had no response at 
all. This results in less protection against SARS-CoV-2 and 
especially the Delta variant, which is now the dominant strain 
in the United States.1

Twenty patients returned for a third dose of the vaccine 
and most of these recipients had an increased immune 
response, according to the study results. The overall 
group immune response after the third shot reached levels 
similar to those of healthy adults after 2 doses. 

Notably, the investigators said that they focused on 
patients with solid tumors, such as breast or gastrointestinal 
cancer, and excluded patients receiving immunotherapy.1

In the second study, published in JAMA Oncology, 
investigators found that the type of cancer treatment 
patients receive influences their vaccine response. 
Specifically, patients undergoing chemotherapy had lower 
antibody levels than patients undergoing targeted therapy, 
according to the study findings.2

The investigators in Austria and Italy studied antibody 
production following COVID-19 vaccination in more than 
600 participants. 

The patients were split into 2 groups: those with blood 
cancers and solid tumors and a control group of healthy 
hospital staff.2-—Aislinn Antrim

Study: mRNA Vaccines Have Stronger 
Initial Response

THE MODERNA COVID-19 vaccine elicited 
generally higher antibody responses that 
were also more durable compared with the 

Pfizer-BioNTech vaccine, according to the results 
of a study published in the New England Journal 
of Medicine. 

The investigators compared the immune 
responses induced by 3 COVID-19 vaccines—
Johnson & Johnson (J&J), Moderna, and 
Pfizer-BioNTech—and found that though the 
single-shot J&J vaccine resulted in lower initial 
antibody responses than the 2 mRNA vaccines, 
these responses were generally stable over time.

“Even though neutralizing antibody levels 
decline, stable T-cell responses and nonneutralizing 
antibody functions at 8 months may explain how 
the vaccines continue to provide robust protection 
against severe COVID-19,” Ai-ris Y. Collier, MD, 
a maternal-fetal medicine specialist at Beth Israel 
Deaconess Medical Center in Boston, Massachu-
setts, said in a statement. “Getting vaccinated [even 
during pregnancy] is still the best tool we have to 
end the COVID-19 pandemic.”—Skylar Kenney

Enduring Symptoms, Effects on Quality of Life Can Persist for 
1 Year

P ATIENTS WITH POSTACUTE COVID-19 syndrome (PACS, or long 
COVID) may have symptoms for 12 months following their initial 
infection. This significantly affects one’s ability to work, cognition, 

interaction with others, overall quality of life, and physical activity, 
according to the results of a study published in the American Journal of 
Physical Medicine & Rehabilitation. 

The study is one of the first to measure the impact and impairment of PACS 
on patients, according to the investigators.

“With millions of Americans at risk of developing PACS by the end of 
the pandemic, a second, longer-term public health emergency has emerged. 
It is imperative to understand the burden of this novel condition and 
develop targeted interventions to help patients participate in daily activities, 
as well as policies that will assist them with their disability and employ-
ment status,” David Putrino, PhD, director of rehabilitation innovation for 
the Mount Sinai Health System, said in a statement. 

The study comprised a retrospective analysis of 156 patients treated at 
Mount Sinai Center for post-COVID care between March 2020 and March 
2021, with patients completing surveys evaluating persistent symptoms and 
triggers of symptom exacerbation at a median of 351 days from their first 
day of infection. The survey asked questions about their ability to complete 
moderate- and vigorous-intensity physical activity, anxiety, breathlessness, 
cognitive function, depression, disability, employment status before and after 
COVID-19, fatigue, and health-related quality of life.—Skylar Kenney
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Younger Individuals Are More Likely to Use CBD to Treat Chronic Pain

I NDIVIDUALS AGED 18 to 34 years who experience 
chronic pain are more likely to use cannabidiol 
(CBD) or cannabis for pain, according to results of 

a new survey conducted by The Harris Poll on behalf of 
the Samueli Foundation.

“The prevalence of persistent pain among young adults is 
alarming, and their use of cannabis or CBD oil indicates they 
are seeking more ways to manage their pain through self-
care,” Wayne Jonas, MD, executive director of Integrative 
Health Programs at Samueli Foundation, said in a statement.

“We know cannabis and CBD can be effective in 
treating pain that stems from various conditions, such 
as cancer,” he said. “But there’s insufficient evidence to 
support the effectiveness of CBD and cannabis in treating 
common chronic pain conditions.”

The survey shows that individuals aged 18 to 34 years 
are more likely to experience chronic pain, at 65%, than 
individuals aged 35 and older, at 52%. Seventy-three percent 
of younger individuals say they experience pain every day.

Among younger individuals who experience chronic 

pain, 22% say they use cannabis and/or CBD for pain and 
are twice as likely to do so as those who are 45 years or 
older. Younger individuals commonly experience back 
(32%), knee (22%), and neck (20%) pain, according to the 
survey results.

Approximately 29% said that they had talked to their 
doctors about their pain since the beginning of the pandemic 
compared with 15% of those aged 45 and older. “This should 
be a wake-up call to physicians that their patients are looking 
for more information from them about managing their 
chronic pain, especially for nondrug approaches,” Jonas said. 
“It’s up to providers across the health care system to engage 
in regular conversations with patients to uncover the best 
ways to manage their pain on a daily basis.”

Approximately 78% of individuals use nondrug 
treatments to manage their pain, whereas approximately 
70% use pharmacological treatments. The most common 
approaches are OTC pain relievers (53%), exercise (43%), 
heat or ice (34%), healthy eating (26%), and cannabis or 
CBD (16%).—Ashley Gallagher

Elacestrant Improves Outcomes for 
Certain Patients With Breast Cancer

E LACESTRANT MET BOTH primary 
end points of the EMERALD study 
(NCT03778931), which included 

significant improvements to progression-
free survival in the estrogen receptor 1 
(ESR1) mutation subgroup and the overall 
study population, according to the positive 
topline results of the study. 

The phase 3 study was designed to eval-
uate elacestrant as a monotherapy compared 
with the standard of care for the treat-
ment of estrogen receptor (ER)-positive/
human epidermal growth factor receptor 2 
(HER2)-negative advanced or metastatic 
breast cancer (mBC). Elacestrant is a 
selective ER degrader, and the safety profile 
demonstrated in the trial was similar to that 
of the previous clinical trial for the drug. 
A total of 466 patients were enrolled in the 
study, 220 of whom had tumors harboring 
an ESR1 mutation. 

ESR1 mutations drive the development of 
resistance to endocrine therapy in patients 
with ER-positive/HER2-negative mBC, 
according to investigators.—Skylar Kenney

Safety Events Decrease When Pharmacies Are Notified  
of Discontinued Prescriptions

A N ABSTRACT PRESENTED at the American College of 
Cardiology Quality Summit Virtual showed several methods that 
can be used to alert community pharmacy staff members about 

canceled medications, potentially avoiding nearly 200 safety events 
over 2 months.

The study sought to highlight concerns with the correct routing of 
discontinued medications, which increases the risk of medication safety 
events. This issue continues to grow as many prescriptions are sent to 
pharmacies via electronic health record systems.

The team at Intermountain Healthcare attempted temporary fixes, 
including clinical staff personally calling the pharmacy to alert them of 
new medication changes and requesting that a medication be removed 
from a patient’s profile. 

Additionally, clinicians were asked to document medication changes in 
the “comments” box of a prescription sent electronically to further alert 
pharmacy staff about medication changes, according to the study findings.

Over the course of 60 days, 16 advanced practice providers of the 
Intermountain Medical Center Advanced Heart Failure/Transplant team 
used CancelRx to notify the pharmacy of a discontinued medication. 
Throughout the trial, they tracked a total of 558 discontinued medi-
cations, receiving 359 error messages and making 148 phone calls to 
pharmacies; 196 potential safety events were avoided using CancelRx 
and phone calls. Pharmacies that received error messages included 
Intermountain Pharmacies (210), Smiths (117), Walgreens (38), Costco 
(25), and CVS (23).—Jill Murphy
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COVID-19 Impact Will Continue to Dominate in 2022
Trends to Watch Include Increased Spending on Drugs and Treatments, 
Expansion of Pharmacists’ Role, and Ongoing Interest in Home Infusion Therapy
B Y  D E E PA L I  D I X I T ,  P H A R M D ,  B C P S ,  B C C C P,  F C C M

T HE NEW YEAR will likely bring a 
continued focus on COVID-19’s 
substantial effect on prices and 

utilization of services.  
In its annual report, health care services 

company Vizient predicts a 3.1% increase 
in total pharmaceutical spending in 2022. 
Oncology drugs will account for about 25% 
of the increase, with continued spending on 
pharmacotherapy related to COVID-19.1 

The sustained impact of COVID-19 
on health care is due to the continuing 
emergence of disease variants coupled with 
vaccine hesitancy, according to Vizient.1 

The company also predicts that specialty 
pharmaceutical pricing will grow at a rate 
of 4.68% in 2022, driven by the likely 
approval of new therapies as well as price 
increases for adalimumab, a specialty drug 
used to treat autoimmune diseases. 

Further, Vizient estimates that with 
recent endorsements from diabetes 
management guidelines and organizations 
the cost of influential diabetes agents 
such as glucagon-like peptide 1 and 2 and 
insulin, will increase by 2.63% next year. 
These novel diabetes drugs are gaining 
diverse indications beyond the management 
of blood glucose, such as for the preven-
tion of cardiovascular events and other 
disease complications. 

The report states that “when combined 
with the increasing prevalence of the 

disease, health systems are expected to 
see growing use of these products in their 
patient populations.”

The COVID-19 pandemic brought chal-
lenges that overwhelmed the health care 
system and required greater flexibility in 
cooperation and responsibilities from all 
essential health care providers, including 
pharmacists. In 2022, there will likely be 
continuing evolvement and expansion of 
the pharmacist’s role with their recogni-
tion as critical frontline workers in the 
fight against COVID-19. Additionally, 
pharmacists are extensively involved in 
education and research, while remaining 
active members of inpatient and outpatient 
COVID-19 recovery clinic multidisciplinary 
teams and vaccination efforts. Moreover, 
with the increased use of telehealth during 
the pandemic, health systems are investing 
more in digital innovation. Pharmacists are 
taking advantage of virtual postintensive 
care syndrome clinics, among others, to 
adjust medications and to counsel and 
educate patients. The results of a recent 
study show that in the beginning of 2020, 
0.1% of Medicare primary care visits were 
conducted using telehealth, but this number 
increased to 43% within 3 months because 
of the pandemic.2 This growth is expected 
to continue, and some experts recommend 
that organizations start aligning their virtual 
strategies with the evolving needs.

DEEPALI  DIXIT,  
PHARMD, BCPS,  BCCCP, FCCM
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Meanwhile, Amazon’s entry into pharmacy services 
may have a large impact in 2022. Consumers are so 
accustomed to using Amazon to order a whole slew of 
merchandise and it will be interesting to see how the 
prescription services landscape will be affected.

In 2022, organizations will continue to take a holistic 
approach to infusion care covering extended sites, 
including home infusion. Home infusion services had 
previously existed in health systems but some had stopped 
providing the service because of increased competition and 
payor rates. However, the pandemic led to more patients 
preferring to receive infusion therapy at home, leading to a 
heightened interest in providing these services.  

Over the past decade, more than 500 health system and 
hospital mergers have occurred. An advantage of this 
partnership is the availability of large data sets that can 
guide health care delivery programs, prevention efforts, 
and wellness with wide-ranging medication management. 
The pursuit of medication errors prevention and quality 
improvement has led to a growing interest in artificial 
intelligence (AI) and precision medicine. An example of 
AI technology gaining traction in health care is machine 
learning, which focuses on the development and use of 
computer systems that can adapt and emulate without 
following explicit instructions. The systems use algorithms 
and statistical models to analyze and draw inferences from 
data patterns.3 AI has been hailed as a transformational 
force in health care. In the past few years, the AI health 
market has experienced explosive growth, with investments 
worth billions of dollars, and in 2022, huge investments 
will likely continue to be made on the digital front. Health 
care is embracing AI for a range of applications, including 
clinical research, drug development, and robotic surgery. 
In addition, AI is being adopted as a practical tool to 
improve medication safety and patient outcomes, monitor 
medication adherence, reduce drug costs, replace labor-in-
tensive and repetitive tasks that are prone to error, and 
streamline prior authorizations. These applications of AI 
will transform medication management. Thorough diges-
tion and utilization of health care data are crucial, once 
the data analyses have been completed; equally important 
is knowing what to do based on the findings. Increasingly, 
real-time data assessment, models, and predictions are 
being used to help detect and prevent patient deterioration 
and manage health care crises. As data sets require the 
expertise and skills of data scientists, pharmacy depart-
ments will need to recruit these scientists to support 
predictive modeling to drive health care delivery. In 2022, 

AI will continue to be a priority and will have a positive 
and profound effect on the delivery of health care and 
medication management. On a similar front, genetics will 
continue to play a key role in personalized medication 
treatment to achieve the desired therapeutic effects.

Another growing trend that will continue to garner 
attention is the emphasis on gender inequity and sexual 
harassment in the pharmacy profession. In 2020, a 
petition titled End Gender Inequality in Clinical Phar-
macy led to a response from several major pharmacy 
organizations. The petition advocates for gender equality, 
the development of policies against such behavior, and 
guidance and support for members of the profession who 
encounter gender bias, harassment, predatory conduct, 
or other intimidating or threatening behaviors. These 
organizations stand on values such as a culture that 
strongly supports diversity, equality, and inclusion. Major 
underpinning is required to promote gender equity more 
effectively within the profession, but this work is critical 
to ensuring future sustained infrastructure. Gender ineq-
uity and sexual harassment are widespread in the medical 
community, the pharmacy profession, and our society. All 
members of the pharmacy profession should have equal 
opportunity and support to reach their highest potential. 
However, major gaps in support of the diverse member-
ship of the pharmacy profession have highlighted a lack 
of awareness of harassment resulting from gender and 
gender inequity issues. Fostering greater diversity in the 
workforce cultivates innovation, decreases health dispar-
ities, and improves communication, health care access, 
patient satisfaction, and problem solving for complex 
challenges.4 The potential benefits of gender equity are 
vast, including economic benefits, patient satisfaction, 
and the cultivation of diversity, innovation, and a unified 
profession. Women in pharmacy have started the discus-
sion using online platforms and professional networks, 
but the drivers of continued change will be through 
organizational leadership and advocacy as well as through 
awareness by individual pharmacists.5 

Conclusion
In light of the pandemic’s challenges, the new year will 
see a continued focus on health care delivery through 
continued testing, vaccination, and treatment. Other 
important trends will include rising health care costs and 
an increase in digital health care. Moreover, it is hoped 
that progress will be made in addressing gender equity 
and sexual harassment in the pharmacy profession. ■
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Patients Should Use Caution When Taking Aspirin
New Guidelines Suggest Older Individuals Should Not Start Taking  
the Drug for Heart Disease, Stroke Prevention
B Y  A B I M B O L A  F A R I N D E ,  P H D ,  P H A R M D

A SPIRIN’S MECHANISM OF action 
was identified in 1971 as inhibiting 
irreversible cyclooxygenase and 

reducing prostaglandin production.1,2  
In 2007, approximately 20% of American 

adults took aspirin every other day for 
heart health. In individuals who were aged 
65 years or older, nearly 50% were taking 
the drug, according to the Agency for 
Healthcare Research and Quality.1  

Although a low-dose aspirin regimen 
became commonplace as a staple of 
cardiovascular health and medicine 
because of aspirin’s preventive properties, 
updated findings are challenging this 
long-standing practice.

For many years, it was recommended that 
prescribers start individuals at increased 
risk of heart disease or stroke on low-dose 
daily aspirin.3 However, new data show 
there can be more risk than benefit for 
certain groups. 

Draft guidelines released by the US 
Preventive Services Task Force (USPSTF), 
which consists of a panel of experts in 
disease prevention and evidence-based 
medicine, assert that there is strong 
evidence to support the development of 
serious adverse effects from taking once-
daily aspirin versus the potential benefits, 
especially in certain populations.4 

The possible harm in older individuals 
is believed to outweigh the potential 
benefits of what had been considered an 
inexpensive method in the battle against 
heart disease, according to the task force.4 
The risk of life-threatening internal 
bleeding can increase from daily aspirin 
use with increasing age. Thus, if an 
individual does not present with the risk 
of heart attack or stroke, this regimen is 
now not recommended.5

In addition, the USPSTF recommends 
that individuals 60 years or older who do 
not have a history of heart attack or stroke 
do not initiate aspirin therapy.6 The task 
force also plans to revise its 2016 recom-
mendation on the use of baby aspirin as a 
preventive measure for colorectal cancer, 
given data that raise specific questions 
about its potential benefit for cancer.6

As a result of the proposed changes to 
the guidance by the USPSTF, millions of 
Americans will be affected. Because heart 
disease is the leading cause of death in the 
United States, these draft recommendations 
indicate that patients, particularly those 
aged 40 to 59 years, should talk to their 
providers about whether to take aspirin.7 

The decision to initiate low-dose aspirin 
for the primary prevention of cardiovas-
cular disease in patients aged 40 to 59 
years who have a 10% or greater 10-year 
cardiovascular risk should be made on a 
case-by-case basis, because the benefit of 
daily aspirin in this group is small.7 Those 
individuals aged 40 to 59 years who have 
a higher risk of cardiovascular disease but 
do not present with a history of the disease 
should discuss with their providers whether 
they need an aspirin regimen based on  
their circumstances.7,8 ■
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M EDICATION NONADHERENCE CAN 
cause many drug-related adverse 
effects (AEs), and pharmacists are 

in a prime position to use every patient 
interaction as an opportunity to address 
barriers, improve adherence, and increase 
the safe management of medications.  

A common reason for nonadherence 
is complex medication regimens with 
multiple medications to treat multiple 
chronic disease states, posing a safety 
risk for patients. Complexity means 
patients can get confused, miss doses, or 
take them inappropriately. For example, 
in patients with diabetes and hyperten-
sion, overall adherence rates were within 
the range of 50% to 60%.1 The causes are 
so multifactorial that the World Health 
Organization (WHO) has broken down 
the reasons for patients not following 
the recommended treatment regimen into 
factors. These include economic and 
social factors, as well as those related to 
the health care system, the patient, the 
provider, and the therapy.2 

Briesacher et al examined adherence 
rates among patients with diabetes, gout, 
hypercholesterolemia, hypertension, 
hypothyroidism, osteoporosis, and seizure 
disorders and found that the rates varied 
from 36.8% to 72.3%.3 Yeaw et al eval-
uated adherence rates among patients on 
angiotensin II receptor blockers, bisphos-
phonates, oral antidiabetic medication, 
overactive bladder medication, prosta-
glandin analogues, and statins. After  
12 months, adherence rates ranged from 
35% to 72%.4 

The WHO said that, on average, adher-
ence among individuals experiencing 
chronic disease was 50%.5 This nonadher-
ence to prescribed therapy is estimated 

to generate at least 100,000 preventable 
deaths and $100 billion in preventable 
direct and indirect medical costs per year.5 

The Kaiser Family Foundation reported 
that nearly 1 in 4 Americans who takes 
prescription medications finds it challenging 
to afford them, and 29% of older adults 
said they did not take their medicines as 
prescribed because of the expense.6   

Pharmacists can help patients safely 
take their medications by addressing any 
barriers during each interaction with the 
patient. Patient-related barriers include 
cognitive impairment, cultural issues, 
denial, depression, and lack of health 
literacy and motivation.1 Treatment-re-
lated barriers include complexity of treat-
ment, cost, fear of AEs, inconvenience, 
and time.1 Others include an asymptom-
atic disease being treated or an inadequate 
patient-practitioner relationship.1

Strategies for Improvement
Pharmacist and team-based or coordinated 
care interventions have been shown to 
improve medication adherence rates and 
patient safety. Neiman et al reported that 
patients assigned to team-based care, 
including collaborative care between a 
cardiologist or primary care provider and 
a pharmacist; pharmacist-led medication 
reconciliation and tailoring; pharma-
cist-led patient education; and  
2 types of voice messaging (educational 
and medication refill reminder calls), 
were significantly more adherent with 
their medication regimen 12 months after 
hospital discharge (89%) than patients not 
receiving team-based care (74%). Patients 
reported that team-based care improved 
their comfort in asking clarifying ques-
tions, raising concerns about their medica-

Help Patients Safely Handle Medications to Improve Adherence
Addressing Barriers Such as Cognitive Impairment, Cultural Issues,  
and Denial Can Help Patients Avoid Adverse Effects
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tion regimen, and collaborating to develop 
their treatment plan.7

Countless low-tech strategies for 
improving adherence have been demon-
strated to be helpful in studies that 
are typically of short duration. Such 
strategies include bundling medication 
refills together so patients can pick up 
all medications at the same time, clar-
ifying medication ingestion schedules, 
discussing the value of medications 
with patients, prescribing less expensive 
equivalent or generic medications, tele-
phone outreach, and verifying adherence 
by checking blood levels. In some 
disease populations, including patients 
with AIDS or tuberculosis, pharmacists 
have used email, telephone calls, and 
text messaging. When promoting adher-
ence to antiretroviral therapy, birth 
control, and prenatal vitamins, some 
pharmacists have also used e-cards and 
text messaging.8

Close to 50 companies are developing 
technology to help patients with medi-
cation adherence, with many addressing 
patient safety. Some are placing ingestible 
sensors in pills. Other examples include 
alarms to remind patients when a scheduled 
medication should be taken and bottles 
with wireless technology to track the 
number of pills ingested. Notably, many 
of these solutions to nonadherence require 
the transmission of data about the patient’s 
medication use to 1 or more third parties. 
These include caregivers, family members, 
and health care professionals, who could 
then mediate in real time to help ensure 
that the patient takes the medication.8

Technology allows patients to safely 
manage their medications with electronic 
reminders, which helps them play an essen-
tial part in their self-care and increases 
patient safety.8

In addition, technology helps practi-
tioners, who often lack detailed infor-
mation about patients’ actual behaviors. 
For example, specific, sound adherence 
data can support practitioners’ efforts to 

explain why a medication failed to work 
as expected. 

Often, inpatients in skilled-nursing 
facilities or other environments, where 
medication distribution is complex and 
time-consuming, can no longer take medi-
cation on their own. In these instances, 
smart technology can be used to audit and 
track consumption, decreasing the number 
of health care professionals needed to 
monitor adherence.9

Conclusion
Pharmacists play an essential role in 
promoting the safe handling of medications 
and decreasing nonadherence. They can 
use new strategies to improve adherence 
and medication safety, often with minimal 
investment, and new technology can 
help pave the way. ■
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C ANCER IN THE prostate begins in the 
glands of the walnut-sized organ, which 
is found only in men. The prostate gland 

produces the seminal fluid that helps nourish 
and transport sperm. Prostate cancer is one 
of the most common types of cancer in the 
United States and the most common cancer 
diagnosed in men of all races, aside from 
nonmelanoma skin cancer.1,2

In 2018, about 212,000 cases of prostate 
cancer were reported, and 31,000 of these 
patients died. However, when prostate 
cancer is discovered early and confined to 
the prostate gland, it is often treatable and 
the prognosis is positive.

Prostate cancer symptoms vary. There may 
be no signs or symptoms in the early stages 
of the disease, but more advanced stages 
may include blood in the semen or urine, 
decreased force in the urine stream, trouble 
urinating, and weight loss. The causes of 
prostate cancer are not entirely understood. 
It is thought, however, that the cells’ DNA 
changes and that they then divide more 
rapidly than they normally would.¹  

Several risk factors are associated with 
prostate cancer occurrence. These include 
being Black, being older than 50 years, 
having a family history of prostate cancer, 
and being obese.¹

Complications from prostate cancer can 
include the cancer metastasizing to other 
parts of the body, such as the bladder, 
bones, and lymph nodes. Once metastasis 
is advanced, the cancer can still be treated, 
although it becomes harder to cure. Erectile 
dysfunction can result either from prostate 
cancer itself or the treatments, such as 
hormone or radiation therapy and surgery. 
Prostate cancer can also cause incontinence, 
which for some patients improves over time 

but for others worsens. Treatment options 
for incontinence may include catheters, 
medication, and surgery.¹

Screening tools for prostate cancer 
include a digital rectal exam, magnetic 
resonance imaging, a prostate-specific 
antigen test, and an ultrasound. Treatment 
options include cryotherapy, heating 
prostate tissue, orchiectomy, and radiation 
therapy. The next option would be hormone 
therapy, which helps stops the body from 
making testosterone. Stopping testosterone 
helps stop the growth of cancer cells. 
Hormone therapy medications may include 
luteinizing hormone-releasing hormone 
(LHRH) or gonadotropin-releasing hormone 
(GnRH) agonists and antagonists, which 
prevent the body’s cells from receiving 
messages to make testosterone. Other 
medications that block testosterone from 
reaching cancer cells include antiandro-
gens, which are sometimes given with 
LHRH agonists. LHRH drugs may include 
goserelin (Zoladex), histrelin (Vantas), 
leuprolide (Lupron), leuprolide mesylate 
(Camcevi), and triptorelin (Trelstar).³

Androgen receptor blockers that are 
approved in the United States include 
first-generation drugs such as bicalutamide 
(Casodex), flutamide, and nilutamide 
(Nilandron), as well as second-generation 
ones including apalutamide (Erleada), 
darolutamide (Nubeqa), and enzalut-
amide (Xtandi).³ Chemotherapy options 
for prostate cancer include cabazitaxel 
(Jevtana), docetaxel (Taxotere), enzalut-
amide (Xtandi), estramustine (Emcyt), and 
mitoxantrone (Novantrone).4 

Immunotherapy options include  
sipuleucel-T (Provenge), a cancer vaccine 
that can boost the immune system to help it 

Prostate Cancer Requires Aggressive and Early Treatment
More Medication Options Mean a Greater Chance for Patients to Survive  
and Enjoy a Better Quality of Life
B Y  S A R O  A R A K E L I A N S ,  P H A R M D
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attack prostate cancer cells.4 Pembrolizumab (Keytruda) 
is a drug that targets programmed cell death protein 1 
and by blocking it boosts the immune response against 
prostate cancer cells. Pembrolizumab is given as an intra-
venous infusion every 2 or 3 weeks. Rucaparib (Rubraca) 
is an inhibitor of poly (ADP-ribose) polymerase (PARP) 
enzymes, including PARP-1, PARP-2, and PARP-3, for 
the treatment of patients with deleterious BRCA muta-
tion–associated metastatic castration-resistant prostate 
cancer. Similarly, olaparib (Lynparza) is another PARP 
inhibitor, given to patients with prostate cancer after 
orchiectomy. Relugolix (Orgovyx) is a GnRH receptor 
antagonist, indicated to treat advanced prostate cancer, 
and comes in 120-mg tablets.5

Conclusion
Paying attention to prostate cancer and treating it 
as aggressively and early as possible is the key to 

surviving the disease. With the myriad medication 
options available, patients with prostate cancer have an 
increased chance of survival and having a better quality 
of life. ■
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Long Story Short: Cellulitis Can Be Treated in Less Than a Week
Duration of Therapy May Be Just 5 to 6 days for Patients Without Risk  
Factors for Complications
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C ELLULITIS DEVELOPS BECAUSE of 
pathogen entry through breaks in the 
skin barrier and can range from mild 

to severe, depending on the extent of skin 
layer involvement. 

The condition is most common in older 
patients with fragile skin or patients with 
impaired local host defenses, such as 
diabetes, obesity, or venous insufficiency 
or lymphedema.1 In the United States, 
cellulitis diagnosis leads to 2.3 million 
emergency department visits and accounts 
for 10% of infectious diseases–related 
hospitalizations annually.2,3 

Classic cellulitis signs and symptoms 
of skin inflammation include erythema, 
swelling, tenderness, and warmth. The 
skin surface often resembles an orange 
peel (peau d’orange) because of cutaneous 
edema. Systemic symptoms, including 
fever, hypotension, leukocytosis, and 
tachycardia, may also occur in some 
patients. Most cases involve the lower 
extremity and are unilateral. Most cases 
are also nonpurulent, with purulent cases 
having discharge or exudate, which may 
require drainage. The most common 
pathogen is group A streptococcus (Strep-
tococcus pyogenes), with Staphylococcus 
aureus being less likely.1,4 Although the 
majority of cases are nonculturable, results 
of studies have shown a steady increase in 
the rates of methicillin-resistant S aureus 
purulent cellulitis in the United States.4 

The duration of treatment of cellulitis is 
not standardized, with guidelines from the 
Infectious Diseases Society of America 
(IDSA) recommending a 5-day course in 
uncomplicated cases and recent literature 
supporting shorter durations.1,5-7

Shorter duration of treatment for a 
variety of infections, including cellulitis, 
has been a focus of recent studies aiming to 
reduce antibiotic consumption and decrease 

the emergence of antimicrobial resistance.8 
In the recently published clinical guideline 
from the American College of Physicians 
(ACP), shorter durations are recommended 
for cellulitis, chronic obstructive pulmo-
nary disease exacerbations,  
community-acquired pneumonia, and 
urinary tract infections. For uncomplicated 
nonpurulent cellulitis, the ACP guideline 
recommends 5 to 6 days with an agent 
active against streptococci species.9 
Skin infection guidelines from IDSA 
and the National Institute for Health and 
Care Excellence in England recommend 
a duration of 5 to 7 days, highlighting 
an opportunity for shorter courses in 
some situations.1,10

Supporting evidence for shorter dura-
tions is evident in findings from several 
trials. Results from a 2004 study showed 
no difference in clinical outcomes among 
mostly outpatient adults with uncompli-
cated cellulitis (n = 87) randomized to oral 
levofloxacin for 5 vs 10 days.5 Clinical 
success at days 14 and 28 was demon-
strated in both groups (98% success rate). 
Uncomplicated cellulitis was defined as the 
absence of bacteremia, animal or human 
bite–associated; deeper infection; diabetic 
foot infection with vascular insufficiency; 
immunocompromised status; sepsis; or 
severe renal dysfunction. A decade later, 
2 randomized controlled trials evaluated 
tedizolid (6 days) and linezolid (10 days) 
in patients 12 years and older with acute 
bacterial skin and skin structure infections 
(ABSSSI), and approximately half the total 
study population of both ESTABLISH-1 
and ESTABLISH-2 (NCT01170221, 
NCT01421511; n=1333 combined) had a 
diagnosis of cellulitis.6,7 Exclusion criteria 
were similar to the previous trials and 
included hospitalized patients, thereby 
providing evidence for patients with poten-
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tially more serious infections. In the subset of patients 
with cellulitis, there was no statistical difference in the 
early clinical response end point at 48 to 72 hours, a new 
FDA ABSSSI clinical trial outcome requirement (79%-
85% success rate across both studies).6,7 A posttreatment 
assessment at 7 to 14 days following the end of therapy 
demonstrated few relapses (85%-88% success rate 
across both studies).6,7

Evidence continues to be scarce to inform the optimal 
duration of therapy in hospitalized patients with 
cellulitis. To address this, the controlled, multicenter, 
randomized DANCE trial (NCT02032654) investigated 
flucloxacillin intravenous (IV), with an option for oral 
step-down, for 6 (n=74) vs 12 (n=77) days in hospital-
ized patients with cellulitis or erysipelas.11 The primary 
outcome was clinical cure by day 14 without relapse 
by day 28 in the intent-to-treat population. Secondary 
outcomes included a 90-day relapse rate. Demographics 
included a mean age of 62 years, a high proportion of 
patients with diabetes and obesity (body mass index, 
≥30 kg/m2), and higher severity of disease defined by a 
visual scoring system used in the 2004 study above, plus 
C-reactive protein and erythema measurements. Patients 
were included and randomized if they were improving 
on flucloxacillin IV and were afebrile and not bacte-
remic. Notable exclusion criteria were having a β-lactam 
allergy, a diabetic foot infection, receipt of prior 
antimicrobials, or other concurrent infections. Primary 
outcomes were similar between the 6-day and 12-day 
groups (50% vs 49%); however, investigators observed 
a higher 90-day relapse in the 6-day group than in the 
12-day group (8 of 34 [24%] vs 2 of 35 [6%]). The study 
was interrupted early because of the inability to reach 
the target study sample size (n =158 per group, assuming 
an 85% cure rate); therefore noninferiority could not be 
ascertained as the study was underpowered. The authors 
concluded that hospitalized patients with severe cellu-
litis may experience a higher-than-normal rate of recur-
rence, prompting the need for a longer treatment course.

Shorter courses of therapy of 5 to 6 days should be 
considered for patients without risk factors for compli-
cations, such as those with diabetes with vascular insuf-
ficiency, renal dysfunction, or sepsis or sepsis shock, 
or those who are immunocompromised. Treatment for 
cellulitis should primarily cover group A streptococci. 
Larger controlled, randomized trials are needed to 
optimize the duration of therapy for severe cellulitis or 
patients with complicating risk factors. ■
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Classic cellulitis signs 
and symptoms of skin 
inflammation include 
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T HE DRUG QUALITY and Security Act 
(DQSA) was established in 2013 in 
response to contaminated steroid 

injections intended for intrathecal use that 
had caused a fungal meningitis outbreak.1 

The outbreak infected a confirmed 
753 individuals and led to the deaths of 
64.2 The contaminated steroid injections 
were manufactured by the New England 
Compounding Center. Title I of the DQSA, 
the Compounding Quality Act, amends 
the Federal Food, Drug, and Cosmetic 
Act regarding the compounding of drug 
products. Out of this amendment, section 
503B was born.3 503B outsourcing facilities 
can produce large batches of medication 
for distribution to clinics, doctor’s offices, 
and health care centers, with or without 
prescriptions, whereas 503A pharmacies 
produce limited amounts of anticipa-
tory compounding and patient-specific 
medication. 503B facilities are subject to 
stricter regulations than traditional 503A 
compounding pharmacies. Registration with 
the Drug Enforcement Administration, the 
FDA, and state boards of pharmacy is a 
requirement for 503B outsourcing facilities, 
as well as compliance with United States 
Pharmacopeia (USP) general chapters <795>, 
<797>, and current Good Manufacturing 
Practices (cGMP) (21 Code of Federal 
Regulations, Parts 210 & 211). 503B facil-
ities are also subject to inspection by the 
FDA. cGMP regulations define the minimum 
requirements needed during the processing, 
testing, packaging, and distributing of drug 
products.4 To comply with cGMP, facilities 
establish a quality system, which provides 
the structure to ensure the quality and safety 
of products.5 An important aspect of a 
quality system is an independent quality unit 

that is responsible for creating procedures, 
investigating deviations, reviewing records, 
and ultimately approving and releasing, or 
rejecting, compounded products (see Figure). 
A quality system is a checks and balances 
system in which the quality unit oversees 
all aspects of a 503B outsourcing facility, 
from incoming raw materials to the release 
of the final product. In addition to having 
an independent quality unit, there are many 
other critical aspects to a quality system in a 
503B facility, including standard operating 
procedures (SOPs), which provide clear, 
consistent instructions for performing tasks. 
503B facilities are required to have SOPs for 
compounding drug products and executing 
the myriad other activities performed under 
the quality system. SOPs eliminate or reduce 
ambiguity in the facility’s processes and are a 
key tool in training personnel. 

Release of Raw Materials and Supplies 
Releasing raw materials and supplies 
confirms the identity and quality of raw 
materials used in the drug compoundingpro-
cesses. Samples are taken of raw  

503B Has Genesis in Food, Drug, and Cosmetic Act
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materials and tested to ensure that they meet prede-
termined specifications prior to use. Certificates of 
analysis are obtained for each lot of components and 
raw materials to ensure they meet quality standards 
and specifications. Environmental monitoring of air 
cleanliness standards exists in 503B facilities such that 
facilities are designed in a manner that minimizes the 
level of contaminants, thereby preventing microbiolog-
ical contamination of drug products. Regular testing of 
the environment is required for ensuring the cleanliness 
of drug compounding areas. International Organization 
for Standardization (ISO) 5 areas are tested minimally 
each production shift, whereas ISO 7 or 8 areas must be 
tested at least weekly to ensure that the requirements of 
air cleanliness are being met. 

Training 
Training programs at 503B compounding facilities 
need to encompass training in regulations and stan-
dards, such as cGMP and USP <797>, in addition to 
job-specific training in aseptic technique and garbing, 
among others. Various methods, such as proficiency 
evaluations and written exams, are used to ensure that 
personnel are qualified to perform their job functions. 

Validation 
Validation is the collection and evaluation of data 
that establishes scientific evidence that a desired 

result with predetermined criteria will be achieved 
each time. Process validation significantly contrib-
utes to ensuring drug quality. Each step of the drug 
compounding process is controlled so that the finished 
product meets its quality attributes and specifications. 
Test method validation ensures that tests comply with 
USP standards. All product batches are thoroughly 
tested using validated methods prior to being released 
for use. 

Equipment Calibration and Maintenance 
A high degree of accuracy is needed in drug 
compounding. Equipment used in a 503B facility must 
be calibrated regularly to ensure exact measurements. 
In addition, a preventive maintenance program keeps 
equipment operating optimally. Supplier qualification 
suppliers of goods and services are vetted and approved 
prior to the purchase of their products. The qualifica-
tion process is a means of ensuring that the supplier 
can provide consistent quality components, packaging, 
materials, packaging, and services in compliance with 
regulatory requirements. Summary 503B outsourcing 
facilities came about as a result of the DQSA. The 
establishment of section 503B allows health care 
centers to obtain sterile drug products produced with 
high levels of compliance and quality. Because 503B 
facilities operate on a larger scale compared with 503A 
traditional compounding pharmacies, they are mandated 
to follow cGMP regulations. 503B facilities play a key 
role in health care because of their bulk production, 
stringent quality standards, and wide distribution. They 
fill a gap between 503A pharmaceutical manufacturers 
and pharmacies, and ensure that the public has access 
to effective and safe medications. ■
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Iron Deficiency Anemia in Patients With Cancer 
and the Pharmacist’s Role

EDUCATIONAL OBJECTIVES

At the completion of this activity, the participant will be able to:
•  Examine the epidemiology, pathophysiology, and diagnosis of iron deficiency anemia (IDA) in 

patients with cancer
•  Identify and recommend patient-specific treatment options for IDA
• Determine the role of the pharmacist in managing IDA in patients with cancer

TARGET AUDIENCE: Health-system and oncology pharmacists. Pharmacists practicing across sub-
specialties who have responsibilities that include interactions with patients with cancer will also 
be invited to participate.
ACTIVITY TYPE: Application
RELEASE DATE: November 16, 2021
EXPIRATION DATE: November 16, 2022
ESTIMATED TIME TO COMPLETE ACTIVITY: 2.0 hours
FEE: This lesson is offered for free at www.pharmacytimes.org.

Pharmacy Times Continuing Education™ is accredited by the Accreditation Council 
for Pharmacy Education (ACPE) as a provider of continuing pharmacy education. 
This activity is approved for 2.0 contact hours (0.20 CEU) under the ACPE universal 
activity number 0290-0000-21-371-H01-P. The activity is available for CE credit 
through November 16, 2022.

Introduction
Anemia is a common and potentially devas-
tating complication worldwide, compromising 
function and quality of life in various patient 
populations. According to the World Health 
Organization (WHO), anemia impacts approx-
imately 25% of the global population, which is 
more than 1.6 billion individuals, and of those 
anemia cases, roughly 50% are due to iron 
deficiency.1 In patients with cancer, anemia 
prevalence varies, ranging from 30% to 90%, 
depending on multiple factors, including 
cancer type, stage of disease, patient age, and 
definition of anemia.2-4 It is understood that 
cancer-related anemia (CRA) occurs in greater 
than 30% of patients, even at diagnosis before 
initiation of antineoplastic therapy.2,5 CRA is 
defined as anemia that results from malignancy 
or through treatment of cancer (chemotherapy, 
radiotherapy, surgery).6 Antineoplastic therapy, 
specifically cytotoxic chemotherapy, leads to 
an increased prevalence of CRA, impacting 
greater than 67% of patients with cancer who 
have initiated treatment.4,7 

Iron deficiency is commonly found in 
patients with cancer and often progresses to 
anemia.8 The initial step in iron deficiency 
is caused by reduced iron intake compared 
with the body’s iron requirements. This leads 
to iron stores being depleted in the bone 
marrow and a resulting increase in dietary 
iron absorption. Iron is an integral part of red 
blood cell synthesis and when iron stores are 
depleted, sufficient iron production fails and 
red blood cell synthesis will eventually be 
reduced, resulting in anemia.8,9 Ludwig and 
colleagues conducted a study in more than 
1500 patients with cancer across multiple 
tumor types, including solid and hematologic 
malignancies, to evaluate prevalence of iron 
deficiency anemia (IDA) and its impact on 
disease status.8 Iron deficiency was frequently 
observed in patients with cancer (>42%) and 
was associated with more advanced disease, 
poor performance status in patients with solid 
tumors, and proximity to cancer therapy. 
Iron deficiency rates were highest in patients 
with pancreatic cancer (>63%), followed 
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by colorectal cancer (>52%) and lung cancer (51%) (FIGURE 18). 
Anemia was detected in greater than 50% of patients with iron defi-
ciency who had solid tumors and in more than 43% of patients who 
had hematologic malignancies. Iron deficiency and anemia appear 
to be more common in patients with solid tumors compared with 
hematologic malignancies, but incidence varies greatly among solid 
tumor types. Among hematologic malignancies, anemia is highest 
in multiple myeloma, likely due to underlying disease in plasma 
cells/bone marrow and impact on renal insufficiency leading to 
multiple mechanisms for cause.8,10 

Anemia is often associated with fatigue, reduced physical function 
and capacity, and reduced quality of life.11 The impact anemia and 
iron deficiency have on patients with cancer is potentially even more 
devastating, with consequences possibly including reduced response 
to cancer treatments and even decreased survival.3,11,12 Based on the 
systematic review by Caro and colleagues evaluating 60 clinical 
trials, anemia in patients with cancer was associated with an overall 
increase of 65% in risk of mortality compared with patients with 
cancer without anemia.3 Among specific types of tumors, head and 
neck cancer displayed the highest risk of increased mortality, with 
an increase of 75% in mortality risk in patients with cancer with 
anemia versus those without anemia. Other tumor types resulting 
in increased mortality risk in patients with anemia compared with 
those without were lung cancer (19% increase), prostate cancer (47% 
increase), and lymphoma (67% increase).3 There is also a relation-

ship between CRA and reduced efficacy of chemotherapy and radio-
therapy. This correlation is likely multifactorial and possible causes 
include increased inflammation, increased tumor aggressiveness, 
and ultimately poor local tumor control in patients with cancer with 
anemia compared with patients with cancer without anemia.2,13 

CRA’s significant impact on patient’s quality of life and 
overall functional status can ultimately lead to poor adherence 
to anticancer regimens.2,14 While targeted therapy and immuno-
therapy availability and use in the oncology world are increasing, 
cytotoxic chemotherapy remains a common backbone of cancer 
treatment, thus anemia and IDA remain a common complica-
tion in patients with cancer.15 This article will review patho-
physiology and etiology of iron deficiency in cancer, treatment 
options, and the role pharmacists play in managing the complex-
ities surrounding iron deficiency in patients with cancer. 

STAR*

What is the main hallmark feature in terms of etiology 
of CRA? 

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

Pathophysiology/Etiology
The pathogenesis of CRA is complex and multifactorial. Different 
mechanisms can even prevail at different times in the same patient. 

FIGURE 1. PREVALENCE OF ID AND OF ANEMIA ACROSS TUMOR TYPES8

GI, gastrointestinal; ID, iron deficiency; MGUS, monoclonal gammopathy unknown significance.

Figure republished from Ludwig H, Müldür E, Endler G, Hubl W. Ann Oncol. 2013;24(7):1886-1892, under the terms of a Creative Commons Attribution-NonCommer-

cial 3.0 Unported (CC BY-NC 3.0) license. https://creativecommons.org/licenses/by-nc/3.0/
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CRA occurs primarily due to chronic inflammation associated with 
synthesis of proinflammatory cytokines by both the immune system 
and cancer cells with advanced stage cancer.2,16 Iron homeostasis 
is maintained by a small peptide hormone produced by the liver 
called hepcidin.9 Hepcidin works in a negative feedback system 
to regulate systemic iron homeostasis but cancer-associated proin-
flammatory cytokines and chronic inflammation result in upregula-
tion of hepcidin synthesis in the liver.17 Hepcidin is not the only 
factor impacted and this chronic inflammation hallmark of CRA is 
attributed to multiple mechanisms that lead to anemia2,18,19: 

•  Reduced survival of erythrocyte cells in combination with 
increased erythrocyte destruction

•  Suppressed erythropoiesis in the bone marrow
•  Reduced erythropoietin production due to inflammatory 

effects on the kidney 
•  Increase in hepcidin leading to reduced absorption of iron 

from the gastrointestinal (GI) tract

Iron deficiency in patients with cancer also develops from multiple 
mechanisms (TABLE 118), again led by the hallmark immune-inflam-
mation leading to increased hepcidin and ultimately blockage of iron 
absorption from the GI tract.9,20 Erythropoietin-stimulating agents 
(ESAs), such as epoetin alfa and darbepoetin alfa, can paradoxically 
lead to functional iron deficiency.9 Other causes include blood loss 
due to surgery or tumor growth (especially in GI tumors), tumor 
infiltration into the bone marrow, and myelosuppression caused 
by chemotherapy treatments and/or radiotherapy.9 Chronic kidney 
disease (CKD) often contributes to the development of anemia or 
iron deficiency in patients with cancer and if present, occurs concom-
itantly with other factors. Poor nutrition or inadequate oral intake due 
to cachexia and malnutrition lead to depleted iron stores and eventu-

ally IDA. FIGURE 2 summarizes the key mechanisms leading to iron 
deficiency and anemia in patients with cancer.9 

The common symptoms associated with iron deficiency are fatigue, 
pallor, weakness, and cold skin.21 Other symptoms that can occur 
include brittle nails, headaches, insomnia, depression, loss of libido, 
tachycardia, thromboembolic complications, alopecia, and even dete-
rioration of cognitive abilities.21 Overall, these symptoms are nonspe-
cific, can overlap with other conditions (endocrine abnormalities, 
etc), and are often underreported. Fatigue is one of the most common 
symptoms encountered in patients with cancer and IDA.6 In one survey 
involving 419 patients with cancer, 78% of patients reported experi-
encing fatigue during their cancer diagnosis or their treatment course. 
Of the patients who experienced fatigue, 61% reported that the fatigue 
adversely affected their lives more than cancer-related pain (another 
key contributor to reduced quality of life in patients with cancer).22

Diagnostics and Laboratory Data
Anemia is considered a decreased erythrocyte mass associated 
with a decrease in hemoglobin (Hgb) and hematocrit (Hct) counts, 
resulting in the reduction of oxygen in circulating blood.2 Organiza-
tions differ on their laboratory definition of anemia. WHO defines 
anemia as Hgb lower than 11.9 g/dL in women and lower than 12.9 
g/dL in men.23 National Comprehensive Cancer Network (NCCN) 
defines anemia as Hgb lower than 11 or Hgb decrease higher than 
2 g/dL below baseline Hgb level, with no distinction between male 
and female in the definition.24 National Cancer Institute (NCI) 
utilizes a grading scale for anemia using Hgb levels25: 

•  Mild: 10 g/dL to lower normal
•  Moderate: 8-9.9 g/dL 
•  Severe: 6.5-7.9 g/dL 
•  Life-threatening: <6.5 g/dL 

The most frequently used tests to assess iron status and evaluate 
patients for iron deficiency are serum ferritin and transferrin satu-
ration (TSAT, %) [serum iron/TIBC)x100].6,9 Ferritin is utilized 
as a biomarker to indicate total body iron stores. When reduced, 
ferritin levels are a good indicator of absolute IDA. The issue with 
evaluating ferritin is that it is an acute-phase reactant, meaning in 
conditions that cause inflammation (such as cancer), the ferritin 
result may be falsely elevated and may not be reliable at quan-
tifying iron stores.6,26 TABLE 2 reviews common labs used to 
evaluate iron status.2,6,9,27 TSAT is a percentage indicating the iron 
availability throughout the body for erythropoiesis. The two main 
types of IDA syndromes are: (1) absolute IDA and (2) functional 
IDA.6,9 FIGURE 328 differentiates these 2 types of IDA syndromes. 

Absolute IDA is defined as low iron stores (serum ferritin <30 ng/
mL or <100 ng/mL in patients with cancer due to the presence of 

TABLE 1. ETIOLOGY OF ANEMIA IN PATIENTS WITH CANCER18

Cancer related • Chronic inflammation 
• Blood loss
• Hemolysis
• Tumor infiltration 
• Destruction of bone marrow
• Hormone dysfunction 
• Anemia of chronic disease 

Treatment related • Blood loss (surgery) 
•  Chemotherapy-induced bone marrow 

suppression
•  Radiotherapy-induced bone marrow 

suppression
•  Myelosuppression/nephrotoxicity of 

chemotherapeutic agents 

Patient related • Poor appetite
• Nutritional deficiency 
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chronic inflammation) and low iron availability (TSAT <20%).6,9 
Functional IDA involves low iron availability (TSAT <20%), but the 
iron stores are normal or elevated (serum ferritin 30-500 ng/mL or 
greater than 100 ng/mL in patients with cancer) indicating adequate 
iron stores but insufficient iron supply for erythropoiesis. Functional 
IDA is much more common in patients with cancer compared with 
absolute IDA. Absolute IDA more often occurs due to blood loss, 
malabsorption, or poor oral intake of iron in the diet. Chronic inflam-
mation and release of cancer-associated proinflammatory cytokines 
(eg, IL-6, IL-1, TNF-α, interferon-γ) leading to increased hepcidin in 
the liver to shut down iron absorption through the GI tract is one of 
the key pathophysiologic features of functional IDA.9,28,29 

The common theme in both absolute IDA and functional IDA is that 
both involve a decrease of iron availability for erythropoiesis, leading 
to anemia. In absolute IDA, the loss of iron stores (low ferritin levels) 
is the main driver triggering anemia. In functional IDA, despite suffi-
cient iron stores, the existence of the chronic inflammatory process 
leads to iron being trapped in macrophages and enterocytes, reducing 
its ability for bone marrow, consequently leading to anemia.21,28 Due 
to the inflammatory effects in patients with cancer, diagnosis of iron 
deficiency in this setting is difficult, leading to the higher cutoff in 

patients with cancer for serum ferritin levels (eg, <100 ng/mL).11 
Measuring hepcidin is a promising tool for evaluating iron status but 
further validation is needed, and it is unclear when hepcidin assays 
will be widely available and used in clinical practice.9,30,31 

The key short-term goal of treatment in IDA in patients with 
cancer involves the correction of underlying etiology through 
correction of quantitative deficits of hemoglobin and erythrocytes.6 
This will allow for proper oxygenation requirements of all tissues 
to be met and patient iron stores to be replenished. If successful in 
accomplishing this, the ultimate long-term goal should be reached, 
which is to increase quality of life through improvement in cogni-
tion, fatigue, and exercise tolerance.6,32 This section will focus on 
treatment and correction of iron deficiency including use of oral 
and intravenous (IV) iron products, as well as ESAs and supportive 
care measures such as red blood cell (RBC) transfusions. 

Treatments
Oral Iron
The first line of treatment for uncomplicated iron deficiency is 
often oral iron supplementation, due to wide availability, ease of 
administration, and low cost.33-35 Oral iron supplements are usually 

FIGURE 2. CAUSES OF IDA IN PATIENTS WITH CANCER9 

ChT, chemotherapy; CKD, chronic kidney disease; ESA, erythropoietin-stimulating agent; GI, gastrointestinal; ID, iron deficiency; IDA, iron deficiency anemia; RT, radiotherapy. 

Figure republished from Busti F, Marchi G, Ugolini S, Castagna A, Girelli D. Pharmaceuticals. 2018;11(4):94, under the terms and conditions of the Creative Commons 

Attribution (CC BY) license.
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provided as ferrous or ferric salts, with ferrous sulfate, gluconate, 
and fumarate being the most widely available formulations.34,36 The 
recommended daily dose for adults taking iron supplementation for 
iron deficiency is 100 to 200 mg of elemental iron.35 Ideal adminis-
tration is to divide the dose and administer without food. Oral iron 
already has poor bioavailability, which ranges from 10% to 15% 

for ferrous preparations (and is even lower in ferric compounds).33 
Iron absorption is impacted even more if administered with food.33 
This is complicated by the toxicities of oral iron, which includes 
significant GI adverse effects (AEs) such as constipation, nausea, 
vomiting, and metallic taste.33 Up to 50% of patients on oral iron 
report GI AEs.33,37 This is a major concern, as poor tolerability and 
reduced tolerance may lead to poor adherence and poor outcomes 
in patients with iron deficiency. Administering oral iron with food 
does reduce the GI AEs but will result in reduced efficacy, leading to 
ineffective treatment and ultimately IV iron supplementation. The 
coadministration of other agents with oral iron, such as antacids or 
proton pump inhibitors, negatively impacts the absorption of iron 
and should be avoided.33 Concurrent use of oral iron with tetra-
cycline antibiotics, ciprofloxacin, and levodopa/carbidopa may see 
marked decrease in bioavailability in these agents due to formation 
of iron-drug complexes.38

Another step to attempt to improve tolerance to oral iron is dose 
reduction, as GI AEs seem to be dose related; however, lowering 
the daily dose may lower the chance of oral iron being effective at 
treating iron deficiency.39 A recent crossover iron absorption study in 
women with IDA by Stoffel and colleagues showed that iron absorp-
tion is increased in those patients who received oral iron supplemen-
tation on alternating days.40 In the study, patients received 100 mg 
or 200 mg either on alternate-day administration or consecutive-day 
administration. Fractional iron absorption was significantly higher 

TABLE 2. LABORATORY TESTS USED TO EVALUATE IRON STATUS2,6,9,27 

Test Reference interval Comment

Serum ferritin Male 30-500 ng/mL 
Female 12-240 ng/mL 

•  Lab value for iron stores
•  Absolute iron deficiency indicated with value lower than reference range
•  Acute phase reactant 
•  A normal or elevated value does not exclude iron deficiency in patients 

with inflammatory diseases such as cancer or liver disease

Serum iron Male 50-170 mcg/dL 
Female 30-160 mcg/dL 

•  Used to calculate transferrin saturation

TIBC 240-450 mcg/dL •  Often elevated in iron deficiency, signaling lack of iron availability

TSAT % (serum 
iron/TIBC) 100  a

20%-50% •  Indicates iron availability in the body for erythropoiesis

Hepcidin Optimal threshold for response 
not yet defined
Likely <64.3 ng/mL (baseline) 
based on available dataa

•  Test not routinely available
•  Strong correlation between baseline hepcidin level and response to IV 

iron in functional IDA

Mean corpuscular 
volume (MCV)

Male 83-98 fL
Female 85-98 fL 

•  Average size of RBC 
•  Low sensitivity and specificity for iron deficiency since value is affected 

by drugs, liver disease, etc 
•  Low MCV may indicate iron deficiency (microcytic)

IDA, iron deficiency anemia; IV, intravenous; RBC, red blood cell; TIBC, total iron binding capacity; TSAT, transferrin saturation.
aReference intervals taken from ARUP Laboratories (aruplab.com), except for MCV reference intervals: Wakeman L, Al-Ismail S, Benton A, et al. Robust, routine 

hematology reference ranges for healthy adults. Int J Lab Haematol. 2007;29:279-283.

FIGURE 3. DIFFERENTIATING ABSOLUTE AND FUNCTIONAL 
IRON DEFICIENCY IN PATIENTS WITH CANCER28 

Republished from Naoum FA. Rev Bras Hematol Hemoter. 2016;38(4):325-330, 

under the terms and conditions of the Creative Commons Attribution CC BY-

NC-ND license.
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in those who received 200 mg on alternate days compared with 
those who received 100 mg on consecutive days. The alternate-day 
scheduling did not show any significant difference in incidence of 
GI AEs compared with consecutive-day dosing. This may be a sign 
in treatment paradigm shift for use of oral iron dosing scheduling 
as alternate-day dosing of oral iron supplements may be preferable. 

STAR

Which IV iron therapies are available as a single-dose 
treatment course for IDA? 

IV Iron
To date, no IV iron formulation available has received FDA 
approval specifically for the treatment of patients with cancer. 
IV iron is still a mainstay treatment option for patients with 
cancer who develop iron deficiency. Compared with oral iron 
supplementation, IV iron offers high bioavailability and is fast 
acting, leading to increases in Hgb more quickly with minimal GI 
AEs.24,39,41,42 Cost of IV iron supplementation is relatively more 
expensive compared with oral iron products. IV iron supplemen-
tation is an option for patients with malabsorption of oral iron, 
intolerance or suboptimal response to oral iron, and those with 
significant blood loss or absolute IDA. Previously, IV iron use 
was limited due to high molecular weight iron resulting in signifi-
cant hypersensitivity reactions, including anaphylaxis.35 Now, 

safer iron formulations are available and have modified the treat-
ment of IDA in recent decades (TABLE 343-49). 

Iron dextran (INFeD) 

Low molecular weight (LMW) iron dextran was first approved for 
treatment of IDA in the United States in 1992.43,50 Compared with 
high molecular weight formulations, this formulation had much less 
risk of severe reactions but LMW iron dextran still carries a black 
box warning (BBW) for anaphylactic-type reactions, including 
fatalities. LMW iron dextran contains the equivalent of 50 mg of 
elemental iron in each milliliter and the FDA-approved dose is 
100 mg for multiple doses over several days/weeks calculated via 
a dosing equation: Dose (mL) = 0.0442 (desired Hgb – observed 
Hgb) x lean body weight (LBW in kg) + (0.26 x LBW).43 However, 
the dose of LMW iron dextran often used in clinical practice is 
total dose infusion 1000 mg IV administered over 1 hour (doses 
>1000 mg often given over several hours) as a 1-time dose.24,51-53 
LMW iron dextran has been given intramuscularly (IM) and the 
prescribing information for LMW iron dextran still includes this 
option for route of administration, but the IM route has fallen out 
of favor and NCCN guidelines state that IM administration is not 
recommended.24,43 Other caveats associated with LMW iron dextran 
include requirements of a test dose and premedication requirements 
as recommended by NCCN guidelines.24 Due to potential severe 
reactions even with the test dose, it is recommended to administer 
premedications 30 minutes before the LMW iron dextran test dose. 

TABLE 3. IV IRON PRODUCTS43-49

IV Iron Product Elemental  
iron

Test dose  
required

BBW Dose Pearls

LWM iron dextran  
– 1992

50 mg/mL Yes Yes • 100 mg x 10 doses
•  TDI: ≥1000 mg over 

1-6 hours

•  Premedication required per NCCN 
•  Avoid diphenhydramine  

as premedication

Ferric gluconate 
– 1999

12.5 mg/mL No No •  125 mg IV weekly x 8 doses •  Smaller doses over several days  
or weeks

•  Benzyl alcohol inactive ingredient

Iron sucrose – 2000 20 mg/mL No No •  200 mg IV x 5 doses 
over 15 min

•  300 mg IV over 90 min

•  Repeat doses at least 72 hours apart
•  Smaller doses over several days or 

weeks

Ferumoxytol – 2009 30 mg/mL No Yes •  510 mg IV over 15 min x 
2 doses

•  1020 mg IV over 30 min x 1

•  Repeat doses after 3-8 days
•  MRI interaction up to 3 months  

after dose

Ferric carboxymaltose 
– 2013

50 mg/mL No No •  750 mg IV over 15 min x 
2 doses

•  1000 mg IV over 15 min x 1

•  Repeat dose after 7 days
•  Transient hypophosphatemia (27%) 

Ferric derisomaltose 
 – 2020

100 mg/mL No No •  1000 mg IV over ≥ 20 min 
x 1 dose (wt ≥ 50 kg)

•  Hypophosphatemia (3.5%)

BBW, black box warning; IV, intravenous; LMW, low molecular weight; MRI, magnetic resonance imaging; NCCN, National Comprehensive Cancer Network; TDI, total 

dose infusion.
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The use of antihistamines, such as diphenhydramine, as premedica-
tion with IV iron is also controversial due to risk of exacerbation 
or ability of diphenhydramine to mimic signs and symptoms of 
hypersensitivity reaction.54 Because of this, antihistamines are not 
recommended for premedication with IV iron products and instead 
corticosteroids should be used. 

Ferric gluconate (Ferrlecit) 

Ferric gluconate was first approved by the FDA in 1999 as a 
follow-up to LMW iron dextran for adult patients with IDA and 
in pediatric patients 6 years or older undergoing chronic hemo-
dialysis who are receiving supplemental epoetin therapy.44 The 
standard dose of ferric gluconate is 125 mg IV administered 
once weekly over 1 hour for 8 doses. Individual doses above 125 
mg are not recommended based on clinical trial data.44,55 Ferric 
gluconate contains 12.5 mg of elemental iron per milliliter.44 This 
demonstrates an adjusted strategy with ferric gluconate compared 
with LMW iron dextran as ferric gluconate utilizes smaller doses 
given over several weeks but the total treatment course results 
in a similar total amount of elemental iron given (≈1000 mg). 
Ferric gluconate also does not require a test dose or premedica-
tion unless desired by the prescribing physician based on risk for 
reaction. There is no BBW for anaphylactic reactions located in 
the prescribing information for ferric gluconate. It is important to 
note that ferric gluconate contains benzyl alcohol (9 mg/mL) as an 
inactive ingredient and therefore should not be used in neonates. 

Iron sucrose (Venofer) 

Iron sucrose was first approved in 2000 by the FDA for treatment of 
IDA in patients with CKD.45 Along with all other IV iron products, 
iron sucrose is used off-label to treat IDA in patients with cancer. There 
are some data with iron sucrose in patients with cancer compared 
with oral ferrous fumarate for the primary prevention of anemia.56 A 
total of 64 patients with gynecologic cancers were randomized to a 
single dose of 200 mg iron sucrose following each course of chemo-
therapy for 6 cycles versus daily ferrous fumarate.56 The number of 
patients requiring blood transfusion doubled in the oral iron group 
compared with the iron sucrose group (56.3% vs 28.1%; P = .02) and 
patients who received iron sucrose and did require blood transfusion 
required a lower median number of packed RBC units.56 The dose 
of iron sucrose can vary but the goal is like that of ferric gluconate: 
smaller doses of iron given over several days to weeks with a total 
dose of a treatment course reaching 1000 mg.45 There is a total of 
20 mg of elemental iron per each mL. Iron sucrose doses of 200 mg 
or less may be given undiluted as an IV push administered over 2 
to 5 minutes or as an IV infusion given over 15 minutes (total of 5 
doses to equal 1000 mg given at least 72 hours apart). Doses of 300 

mg or higher should be diluted and administered as an IV infusion 
over at least 90 minutes. Data are available for doses of iron sucrose 
ranging from 400 mg to 500 mg, but doses greater than 300 mg are 
not recommended due to increased risk of infusion reactions.24,57 Iron 
sucrose does not require premedication or a test dose prior to admin-
istration and there is no BBW for anaphylactic reactions with iron 
sucrose. Providers may utilize test dose and/or premedication based 
on their clinical discretion and patient risk of infusion reaction. 

Ferumoxytol (Feraheme) 

Ferumoxytol was first FDA approved in 2009 for the treatment 
of IDA in adult patients who have intolerance or unsatisfactory 
response to oral iron or who have CKD.46 The recommended dose 
of ferumoxytol is 510 mg IV administered over at least 15 minutes 
for a total of 2 doses (1020 mg) given 3 to 8 days apart. There are 
data for a single-dose option of 1020 mg administered once over 
30 minutes.58 Ferumoxytol contains 30 mg of elemental iron per 
milliliter and this product marked the first time since LWM iron 
dextran that larger doses of iron are given over a minimal number 
of doses, attempting to improve patient convenience.46 No test dose 
or premedication is required with ferumoxytol but can be used at 
physician discretion based on patient risk for infusion reaction. There 
is an FDA BBW with ferumoxytol for anaphylactic-type reactions 
including fatal and serious hypersensitivity reactions that occurred in 
0.4% of patients in a clinical study.46,59 A post hoc analysis evaluating 
pooled data from 2 randomized controlled phase 3 studies compared 
ferumoxytol or iron sucrose versus placebo in patients with cancer 
and IDA.60 The analysis showed that IV iron monotherapy increases 
Hgb from baseline and was safe in the cancer subgroup population 
compared with the overall population. The analysis concluded that 
IV iron is likely a safe and effective option for patients with cancer 
and IDA. Administration of ferumoxytol may also transiently affect 
the diagnostic ability of magnetic resonance imaging (MRI) scans.46 
If MRI scans are necessary in patients receiving ferumoxytol, MRI 
should be conducted before initiating ferumoxytol as alteration of 
MRI studies may persist for up to 3 months following the last dose 
of ferumoxytol. Do not use T2-weighted sequence MRI prior to 4 
weeks following ferumoxytol administration. Ferumoxytol will 
not interfere with x-ray, computed tomography, positron emission 
tomography, single photon emission computed tomography, ultra-
sound, or nuclear medicine imaging.46 The most common AEs of 
ferumoxytol are abdominal pain, diarrhea, and nausea.46,60

Ferric carboxymaltose (Injectafer) 

Ferric carboxymaltose was first FDA approved in 2013 for IDA in 
adult patients who have an intolerance or unsatisfactory response 
to oral iron or in patients who have non-dialysis dependent CKD.47 
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The standard dose is 750 mg IV, in patients who weigh over 50 
kg, administered over 7.5 minutes and repeated as a second dose 
7 days later for a total treatment course of 1500 mg. Each milli-
liter of ferric carboxymaltose contains 50 mg (equal to that of 
LWM iron dextran). Recently in 2021, the FDA also approved a 
single treatment dose of 1000 mg of ferric carboxymaltose along 
with a new dosage form available as 1000-mg vials, creating a 
more convenient option for patients. Ferric carboxymaltose can 
be administered at high doses as a single infusion without risk 
of excessive iron exposure due to its stable iron complex, which 
allows for a slow and prolonged release of iron.28 A recent study 
in 84 patients with cancer demonstrated the safety and efficacy of 
ferric carboxymaltose in this patient population.61 An observational 
study involving 367 patients with solid or hematologic malignan-
cies and IDA evaluated ferric carboxymaltose as monotherapy or 
in combination with an ESA and demonstrated improved median 
Hgb levels over a 3-month period.62 Test doses and premedication 
are not required with ferric carboxymaltose but can be given at the 
prescribing physician’s discretion based on risk for reaction.24 The 
risk of hypersensitivity reactions from ferric carboxymaltose is low 
(0.1%) and it is better tolerated than oral iron supplementation due 
to fewer GI AEs.47,63 Ferric carboxymaltose has been associated 
with severe phosphate deficiency that is often asymptomatic, which 
may lead to delayed time to diagnosis and can result in significant 
morbidity.47 Patients receiving ferric carboxymaltose should be 
closely monitored for hypophosphatemia. Hypophosphatemia 
has been observed in 27% (440/1638) of patients in clinical trials, 
and while often described as “asymptomatic,” the frequency and 
severity of hypophosphatemia may be underestimated in patients 
receiving IV iron, specifically ferric carboxymaltose.47,64

Ferric derisomaltose (Monoferric)

Ferric derisomaltose is the most recent IV iron product available, 
receiving FDA approval in 2020 for adult patients with IDA who 
have intolerance or unsatisfactory response to oral iron or who 
have non-hemodialysis dependent CKD.48 This IV iron option also 
provides convenience to patients as it is offered as a single dose 
administered as 1000-mg (for patients weighing 50 kg or more) IV 
infusion over at least 20 minutes.48 Each milliliter of ferric deriso-
maltose contains 100 mg of elemental iron (the highest amount of 
elemental iron/mL to date). Ferric derisomaltose has not been eval-
uated prospectively in patients with cancer but it has been shown 
to be noninferior to iron sucrose in its ability to increase Hgb levels 
in multiple randomized phase 3 trials in patients with IDA.65-67 In 
the PHOSPHARE trials, the safety of ferric derisomaltose was 
compared with ferric carboxymaltose and it was determined that 
ferric derisomaltose demonstrated a significantly lower incidence 

of hypophosphatemia compared with ferric carboxymaltose (trial 
A: 7.9% vs 75%; trial B: 8.1% vs 73.7%).68 A test dose or premedi-
cation is not required for ferric derisomaltose unless desired by the 
prescribing physician based on patient risk for reaction.24 The most 
common AEs associated with ferric derisomaltose are hypophos-
phatemia (3.5%), nausea (1.2%), and rash (1%).48,65,66 

With multiple IV iron products available, it can be challenging 
to determine the most appropriate option for patients. IV iron 
products are equally effective in treating iron deficiency and 
all currently available IV iron formulations have a similar iron 
core but vary in terms of physicochemical and pharmacokinetic 
properties.69 A recent meta-analysis also evaluated the safety and 
risk of hypersensitivity reactions in more than 5000 patients, 
comparing iron dextran-containing products (LMW iron dextran, 
ferumoxytol, and ferric derisomaltose) versus non-iron dextran 
products (ferric carboxymaltose and iron sucrose).70 The meta-
analysis results revealed no meaningful clinical differences in risk 
of reactions, hypersensitivity or anaphylactic, among the various 
iron products. Another meta-analysis published in 2015 showed 
that anaphylactic-type reactions with IV iron products is extremely 
rare (<0.1%), but the estimated cumulative risk when receiving a 
total iron dose of 1000 mg administered within a 12-week period 
is highest with LMW iron dextran (82 per 100,000 patients) and is 
the lowest for iron sucrose (21 per 100,000 patients).49 The newer 
IV iron formulations, ferumoxytol, ferric carboxymaltose, and 
ferric derisomaltose, do not readily dissociate under physiological 
conditions and are more stable allowing for higher, less frequent 
doses to be given. Iron sucrose and sodium ferric gluconate are 
less stable complexes and must be administered at lower doses or 
more slowly to avoid overwhelming the binding capacity of trans-
ferrin. Factors that should be taken into consideration for product 
selection include69: 

• Infusion time
• Length of course and number of doses 
• Premedication requirement
•  Risk of AEs such as hypersensitivity reaction or allergic 

reaction (anaphylaxis) 
• Cost of product/contracts and formulary preferences 

IV Iron versus Oral Iron
Unfortunately, in patients with cancer, oral iron use is unlikely 
to be of any benefit due to chronic inflammation and release of 
hepcidin resulting in poor absorption.39 Despite this, oral iron is 
often a first choice for iron supplementation in patients with cancer 
with iron deficiency due to insurance mandates, except in patients 
with profound absolute IDA. Patients with cancer who receive oral 
iron may be exposed to needless AEs and loss of time due to inef-
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fective treatment and will often need to be transitioned to IV iron 
supplementation. Due to the chronic inflammation in patients with 
cancer, oral supplementation with iron should be considered inap-
propriate as it is less effective.24 IV iron can overcome the absorp-
tive inflammatory blockade of iron common in patients with cancer 
and is the preferred treatment of choice for IDA in patients with 
cancer.28 Several studies have evaluated IV iron versus oral iron 
administration for chemotherapy-induced anemia in combination 
with ESAs.71,72 These trials demonstrate that IV iron supplemen-
tation increases Hgb response to ESAs as well as decreases the 
number of transfusions compared with oral iron supplementation. 
The meta-analysis by Mhaskar and colleagues confirmed supe-
rior efficacy of IV iron combined with ESAs compared with oral 
iron supplementation when evaluating hematopoietic response, 
need for RBC transfusion, and overall improvement in Hgb.72 IV 
iron supplementation should be recommended and considered 
in patients who do not have a response or cannot tolerate oral 
iron supplementation. NCCN guidelines state that IV iron has 
superior efficacy and should be considered for supplementation, 
especially when used in combination with ESAs.24 According to 
recent updates to European Society of Medical Oncology (ESMO) 
guidelines published in 2018, IV iron is recommended for patients 
receiving ongoing chemotherapy who present with anemia (Hgb 
≤11 g/dL or Hgb decrease ≥2 g/dL from baseline level ≤12 g/dL) 
and absolute iron deficiency is present (ferritin <100 ng/dL).11 
Patients with cancer who have functional IDA (TSAT <20% and 
serum ferritin >100 ng/dL) may qualify for monotherapy IV iron 
therapy.11 ESMO guidelines also state that IV iron treatment should 
be limited to patients with cancer who are on active chemotherapy 
treatment. In patients receiving cardiotoxic chemotherapy, IV 
iron should either be given before or after (not on the same day) 
administration of chemotherapy or wait until the end of a treatment 
cycle.11 There have been conflicting data in the literature regarding 
concern for IV iron potentially promoting inflammation and bacte-
rial growth, leading to infection or worsening infection.24 A recent 
safety meta-analysis of IV iron products (including ferric carboxy-
maltose, ferric gluconate, ferumoxytol, iron dextran, iron sucrose, 
and iron isomaltoside) evaluated 103 trials and more than 10,000 
patients determined that IV iron products are not associated with an 
increased risk of infection or serious AEs.73 NCCN guidelines still 
recommend against IV iron supplementation for patients with an 
active infection.24 

STAR

In what setting are ESAs appropriate to be used in 
patients with cancer who develop anemia?

ESAs
ESAs, such as epoetin alfa (and biosimilars) and darbepoetin, 
have been used in patients with anemia for CKD since 1989.74 
First approval in patients with cancer was achieved in 1993.75 
The goal of therapy with ESA usage in patients with anemia is 
to improve symptoms through increase in Hgb and to avoid or 
reduce blood transfusions.24,41 It is important to note that these 
agents are indicated in patients with cancer only for those with 
chemotherapy-induced anemia and who are still on active treat-
ment.41,74,76 ESAs are not appropriate for use in CRA that is not 
caused by treatment. There is considerable debate surrounding 
ESA use in patients with cancer due to the potential for decreased 
survival. Multiple meta-analyses and Cochrane reviews have 
been conducted with differing results.77,78 

In 2010, a meta-analysis evaluating 60 clinical trials and more 
than 15,000 patients with cancer was published showing that ESA 
use in patients with cancer is not likely to be linked to increased 
mortality with an overall odds ratio (OR) of 1.06 (95% CI, 0.97-
1.15).77 The clinical trials evaluated in this meta-analysis compared 
epoetin or darbepoetin versus placebo or standard of care. The 
patient population included patients with both CRA and treatment 
(chemotherapy)-related anemia as well as both solid and hema-
tologic malignancies and Hgb levels less than and greater than 
12 g/dL. The second major analysis was published in 2012 as a 
Cochrane review that evaluated 91 clinical trials and more than 
15,000 patients.78 This review included similar patient populations 
with both solid and hematologic malignancies, CRA and treatment-
related anemia, and patients with Hgb less than or greater than 12 
g/dL included. Treatment arms were either epoetin or darbepoetin 
versus placebo or standard of care. Results demonstrated a signifi-
cant increase in mortality in patients who received ESAs with an 
overall hazard ratio of 1.17 (95% CI, 1.06-1.29; P = .0022). The 
mortality risk was specifically seen in the ESA population when 
Hgb was greater than 12 g/dL with a hazard ratio of 1.37 (95% 
CI, 1.12-1.68; P = .0026) increase in risk of death. ESA agents 
have a general BBW in their product labeling for increased risk 
of myocardial infarction, stroke, venous thromboembolism (VTE), 
and vascular access thrombosis.74,76 

This increased risk of thromboembolism with ESAs is seen 
regardless of Hgb level and when compared with placebo or 
standard of care, the relative risk (RR) is increased by 57% in 
patients receiving ESAs (RR, 1.57; 95% CI, 1.34-1.74).41,79 A 
meta-analysis confirmed this increased risk of VTE showing 
among 44 studies involving ESAs a significant increase in risk 
of VTEs in patients receiving ESAs (OR, 1.48; 95% CI, 1.28-
1.72).77 Due to the potential risk of increased mortality in patients 
with cancer receiving ESAs, guidelines provide strict recom-
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mendations on their use.11,24,41 Guidelines from American Society 
of Clinical Oncology (ASCO) and American Society of Hema-
tology (ASH) state to initiate ESAs when Hgb is less than 10 g/
dL and there is no target Hgb recommended.41 The goal of treat-
ment is focused on reducing blood transfusion requirements and 
patient condition and quality of life. NCCN, ESMO, and ASCO/
ASH guidelines all state that it is appropriate to consider ESA 
agents in patients (1) with CKD, (2) patients receiving palliative 
treatments with myelosuppressive therapy, or (3) patients who 
refuse transfusions.11,24,41 Guidelines state that ESA agents should 
be avoided in patients who are (1) not receiving active therapy, 
(2) patients receiving non-myelosuppressive therapies, or (3) 
patients receiving treatment for curative intent (eg, early-stage 
breast cancer, Hodgkin/non-Hodgkin lymphoma, early-stage 
lung cancer). Recent labeling updates for ESAs state they are “not 
indicated for patients with cancer receiving myelosuppressive 
chemotherapy in whom the anemia can be managed by transfu-
sion.”15,74,76 Considering the limitations of ESAs in patients with 
cancer, IV iron therapy likely can be offered as treatment to a 
larger population of patients due to ESA restrictions on their use. 

There is clinical consideration to support the use of IV iron 
therapy with concurrent ESA use in patients with cancer and 
IDA (specifically absolute IDA).24,41,71,72,80 According to a study 
published in 2004, the addition of IV iron in conjunction with ESAs 
showed significant improvement in hematopoietic responses (Hgb 
increases) compared with oral iron or no iron supplementation (68% 
vs 36% vs 25%, respectively; P <.01).71 LMW iron dextran was the 
IV iron product used in the study and patients who received IV iron 
therapy along with ESAs reported increased energy, activity, and 
overall improvement in quality of life from baseline. A Cochrane 
systematic review was published in 2016 that evaluated 8 studies 
and more than 2000 patients comparing ESA plus iron supplemen-
tation versus ESA use alone.72 The review findings show that the 
addition of IV iron to ESAs improves hematopoietic response (RR, 
1.17; 95% CI, 1.09-1.26), reduces need for RBC transfusions (RR, 
0.74; 95% CI, 0.60-0.92), increases Hgb levels (mean difference, 
0.48; 95% CI, 0.10-0.86), and is well tolerated. The subgroup 
analysis evaluating patients with chemotherapy-induced anemia in 
patients with cancer suggest that IV iron supplementation is supe-
rior to oral iron supplementation. 

Supportive care options for patients with severe anemia 
include RBC transfusions.11 RBC transfusions offer patients 
rapid improvement in symptoms through immediate increase of 
Hgb and Hct levels. Disadvantages of RBC transfusions include 
transfusion-related reactions, iron overload, potential for pathogen 
transmission (although this has significantly decreased with wide-
spread implementation of screening), and alloimmunization.6,81 

Alloimmunization is a specific immune response to foreign anti-
gens that can occur in patients who require multiple or chronic 
transfusions. RBC transfusions in patients with cancer have also 
been linked to increased risk of thrombosis, cancer recurrence, 
and decreased survival.81 These negative outcomes in patients 
with cancer appear to be most important in GI, head and neck, 
and urological cancers and is less pronounced in breast, gyneco-
logical, and prostate cancers. ESMO guidelines recommend RBC 
in patients with cancer whose Hgb is lower than 7 to 8 g/dL and/or 
severe anemia-related symptoms and the need for immediate Hgb 
and symptom improvement.11 

NCCN guidelines differ in their recommendations as the guide-
lines focus on risk assessment as opposed to Hgb threshold levels.24 
Patients who are symptomatic can be transfused per American 
Association of Blood Bank (AABB) standards. Transfusion can 
also be considered in patients who are asymptomatic but who are 
at high risk due to comorbidities (eg, patients with progressive 
decline in Hgb and undergoing intensive treatment, cardiac disease, 
chronic pulmonary disease, or cerebral vascular disease) per NCCN 
guidelines. AABB 2016 recommendations for transfusion include: 
(1) using an Hgb level of 7 g/dL as threshold for hospitalized adult 
patients who are hemodynamically stable, (2) using an Hgb level of 
8 g/dL as a threshold for patients undergoing orthopedic or cardiac 
surgery, or those with preexisting cardiovascular disease, and (3) 
using RBC units selected at any point within their licensed dating 
period rather than limiting patients to transfusion of only fresh 
RBC units.82 However, there was a lack of evidence to provide 
specific recommendations for patients with cancer.

STAR

List the multiple ways pharmacists improve patient 
outcomes in the setting of IDA and cancer. 

Pharmacists’ Impact and Role in IDA 
Management in Patients With Cancer
Pharmacists, including those with specialized training, such 
as postgraduate residencies, board certification, and specialty-
focused work experience provide an array of services and skills 
to care teams and patients with cancer. Pharmacists across the 
health system have significant roles in educating patients, evalu-
ating treatment plans and regimens for appropriateness, monitoring 
patient response and toleration, and providing communication and 
recommendations to providers to help optimize treatment strate-
gies. Oncology pharmacy is a highly specialized area where phar-
macists trained in oncology have the knowledge and skills to assist 
with managing patients with cancer and act as medication experts. 
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Multiple issues arise when managing anemia, specifically in the 
oncology population, including clinical, operational, and economic 
considerations.83 In their role, pharmacists are already a strong, 
integral part of the care for patients with cancer, giving pharmacists 
the opportunity to establish pharmacist-managed anemia clinics or 
use stakeholder power to increase involvement in the management 
of CRA, specifically IDA and the use of iron products and ESAs. 

Close involvement of pharmacists in the management of patients 
with CRA can help identify those patients who may benefit from 
different treatment strategies, including iron supplementation, ESA 
use, and transfusions through evaluation based on clinical charac-
teristics and laboratory values. With the strong knowledge of phar-
macology, appropriate and optimal dosing strategies, and treatment 
regimens, pharmacists offer the best opportunity to optimize patient 
care in terms of iron deficiency in patients with cancer and anemia 
in patients with cancer overall. After implementation and treatment 
decisions, monitoring and follow-up are key to patient success. 
Pharmacists offer unique approaches to monitoring and follow-up 
due to their ability to evaluate risk factors, recommend adjust-
ments and preventive approaches, and closely monitor and follow 
up with patients regularly. A pharmacist-managed ESA anemia 
clinic in patients with anemia demonstrated strong justification for 
pharmacist-managed clinics by showing improvements in adherence 
to ESAs and ESA criteria, improvement in patient Hgb levels after 1 
month (P = .015), and significant cost savings.84 Another publication 
in 2008 focused on the oncology population and demonstrated bene-
fits of establishing pharmacist-managed anemia clinics for patients 
with cancer.85 In addition to the clinical and financial justifications for 
the clinic, allowing pharmacists to manage aspects of supportive care 
such as anemia for these patients, physicians and providers can focus 
more time on diagnosis and optimal treatments for cancer. The key 
steps to establishing pharmacist-managed anemia clinics include:

•  Creation of collaborative practice agreement
•  Development of treatment algorithm 
•  Building of protocol templates
 
While the profession of pharmacy has evolved significantly 

over the past decade, especially in the oncology world, including 
anemia, the principles and education remain the same and ulti-
mately only support the need for pharmacist-managed clinics even 
more so due to the increase in complexing of oncology care. Phar-
macists continue to be easily accessible to patients and can adapt 
to needs of patients and the health care system. Office visits and 
telephone encounters were likely the most common interactions 
clinical pharmacists had with patients. Now, in the setting of the 
COVID-19 pandemic, the implementation and promotion of tele-

health visits has dramatically increased, allowing for even better 
access to pharmacists and unique opportunities for clinic workflow. 
Through proper education, counseling, and follow-up, pharmacists 
can develop strong working relationships with patients, provide 
active coaching, discuss risks and benefits of different treatment 
options, review additional diet and lifestyle changes, and involve 
patients in their treatment decisions, allowing for improved success, 
better adherence, and excellent patient satisfaction.20 Evaluating 
the impact of IDA on patients with cancer and their quality of life, 
disease progression, and ultimately their survival, optimization of 
care and treatment regimens is critical. Pharmacists are in the best 
role to improve tolerability, adherence, efficacy, and positive impact 
on prognosis through providing services to patients and clinics and 
providing physicians and health care team members with recom-
mendations on best evidence-based treatment strategies. 

Conclusion 
CRA and IDA are extremely complex and dynamic supportive 
care issues facing patients with cancer. Iron deficiency in patients 
with cancer is most often mediated by chronic inflammation and 
increased hepcidin release, but causes are multifactorial. Based 
on guidelines available (ESMO and NCCN), IV iron is recom-
mended over oral iron supplementation for patients with cancer 
who develop IDA. IV iron supplementation can be used as mono-
therapy or in conjunction with ESAs, especially in patient abso-
lute IDA. A large percentage of patients with cancer are impacted 
negatively by IDA. Pharmacists are crucial to the overall improve-
ment of patient’s treatment course, including improved adher-
ence, satisfaction, and outcomes. Development of pharmacist-led 
clinics will continue to improve patient care and streamline health 
care services for patients and health care systems. 

Video vignettes featuring a pharmacist providing education and recommendations to patients 
about management of iron deficiency anemia are highlighted at

pharmacytimes.org/IDA.

Patient Counseling Video Vignettes
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POSTTEST QUESTIONS

1.  Which monitoring parameter listed below is important 
to evaluate and follow during treatment of iron 
deficiency anemia (IDA) in patients with cancer who are 
receiving ferric carboxymaltose? 
A. Renal function 
B. Hepatic function 
C. Calcium levels
D. Phosphorus levels 

2.  Which type of cancer is associated with the highest 
level of iron deficiency rates? 
A. Lung cancer
B. Multiple myeloma 
C. Pancreatic cancer
D. Acute myeloblastic leukemia 

3.  Which of the following is a contributing factor to the 
development of IDA in patients with cancer? 
A. Inflammation and cytokine release
B. Increased erythropoietin release
C. Increased folic acid dietary intake
D. Reduced hepcidin production by the liver 

4.  Which of the following intravenous (IV) iron 
products can be administered in a single treatment 
dose and does not require a test dose, making it a 
more convenient option for patients who may have 
accessibility concerns? 
A. Ferric gluconate
B. Iron sucrose
C. Ferric carboxymaltose
D. Low molecular weight iron dextran

5. A 67-year-old man with stage IV non−small cell lung 
cancer receiving chemotherapy is here today for follow-
up and labs as the patient has been feeling extra tired the 
past few weeks. The following labs are reported in clinic 
today related to complete blood count and iron panel: 
Hemoglobin (Hgb): 10.5 g/dL    Hematocrit (Hct): 31.3%
Iron: 40 mcg/dL                        TIBC: 270 mcg/dL 
TSAT: 15%                                  Serum ferritin: 150 ng/mL 

Based on the lab values for this patient, how would you 
classify his anemia? 

A. Absolute IDA 
B. Functional IDA 
C. No iron deficiency present; patient has chemotherapy-

related anemia
D. Moderate IDA 

6. A 62-year-old woman with stage 3 colon cancer is 
initiated on FOLFOX chemotherapy with the goal of cure. 
After 2 cycles of therapy the following labs are as follows: 
Hgb: 9.2 g/dL
HcT: 27%
Platelets: 350,000/μL
Mean corpuscular volume (MCV): 72 fL 
Serum ferritin: 15 ng/mL 
TSAT: 10%

Based on her baseline anemia and iron stores present on 
labs today, which of the following is the best option for this 
patient for treatment? 

A. Oral ferrous fumarate 325 mg by mouth twice daily 
B. Darbepoetin alfa 300 μg subcutaneously once every  

3 weeks
C. Withhold chemotherapy based on patient’s labs today
D. Ferric derisomaltose 1000 mg IV x 1 dose 
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POSTTEST QUESTIONS (continued)

7. A 74-year-old woman with stage 4 metastatic head and 
neck cancer is receiving platinum-based chemotherapy. 
The patient reports increased fatigue and inability to 
focus while at home. The following labs are reported 
while the patient is in clinic today for follow-up: 
Hgb: 9.7 g/dL     Hct: 26%     Platelets: 280,000/μL 
MCV: 93 fL 
Serum ferritin: 200 ng/mL 
TSAT: 35%

Based on her baseline anemia and iron stores present  
on labs today, which of the following is the best option  
for this patient? 

A. Ferric carboxymaltose 750 mg IV x 2 doses 
B. Oral ferrous succinate 325 mg by mouth once daily 
C. Darbepoetin 300 μg subcutaneously once every 3 weeks
D. Iron sucrose 500 mg IV x 2 doses 

8.  Which of the following IV iron products requires a 
test dose based on National Comprehensive Cancer 
Network guideline recommendations? 
A. Iron sucrose 
B. Low molecular weight iron dextran 
C. Ferumoxytol 
D. Ferric carboxymaltose 

9. Based on the pharmacist-managed anemia clinic 
discussed in the article by Clapp et al, which of the 
following best describes the impact pharmacists have 
on patient care as it relates to anemia? 
A. Significant cost savings 
B. Reduction in patient Hgb levels 
C. Improved overall survival 
D. Reduction in adverse effects 

10. Which of the following is a key initial step needed in 
establishing a pharmacist-managed clinic for patients 
with cancer-related anemia? 
A. Recruitment of donors for financial support 
B. Build a new pharmacy clinic facility for better  

patient services
C. Creation of collaborative practice agreement
D. Hiring clinical coordinator and pharmacists  

to manage clinic 
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The Role of the Pharmacist in Addressing  
the Challenges of Treating Pulmonary Arterial 
Hypertension Associated With Connective  
Tissue Diseases

EDUCATIONAL OBJECTIVES

At the completion of this activity, the participant will be able to:
•  Examine the epidemiology, pathophysiology, risk factors, prognosis, and challenges associated 

with connective tissue disease-associated pulmonary arterial hypertension (CTD-PAH)
•  Explore the mechanisms of action and efficacy and safety data associated with therapies for 

CTD-PAH
•  Use current guidelines to tailor therapy to meet individual patient goals
•  Identify the role of the pharmacist in making clinical recommendations to improve management 

and clinical outcomes in patients with CTD-PAH

TARGET AUDIENCE: Health-system and specialty pharmacists
ACTIVITY TYPE: Application
RELEASE DATE: November 15, 2021
EXPIRATION DATE: November 15, 2022
ESTIMATED TIME TO COMPLETE ACTIVITY: 2.0 hours
FEE: This lesson is offered for free at www.pharmacytimes.org.

Pharmacy Times Continuing Education™ is accredited by the Accreditation Council 
for Pharmacy Education (ACPE) as a provider of continuing pharmacy education. 
This activity is approved for 2.0 contact hours (0.20 CEU) under the ACPE universal 
activity number 0290-0000-21-360-H01-P. The activity is available for CE credit 
through November 15, 2022.

Introduction
Pulmonary hypertension (PH) is a broad 
term used to describe an array of clinical 
conditions that result in elevations in the 
pressures within the pulmonary vasculature 
and contains a heterogenous group of etiolo-
gies that are driving these increases in pres-
sure. Treatment is based on the World Health 
Organization (WHO) 5-group clinical 
classification scheme.1 Pulmonary arterial 
hypertension (PAH) is classified as WHO 
group I PH, which itself includes a host of 
underlying conditions leading to the devel-
opment of PAH, including PAH associated 
with connective tissue disease (CTD-PAH). 
PAH is a rare disease with an estimated inci-
dence of 2 to 7.6 cases per million adults 
per year and a prevalence of 11 to 26 cases 
per million adults and remains underrecog-
nized with a median of 1.1 years from time 
of symptom onset to diagnostic right heart 
catheterization. Patients tend to present in 
the 5th decade of life with women impacted 

at a higher rate than men. Prognosis has 
improved over time with current median 
survival of 6 years and 1-year survival of 
90%.2-4 PAH is characterized by progressive 
narrowing of the pulmonary vasculature due 
to hyperproliferation, vasoconstriction, and 
vascular remodeling which, left untreated, 
results in elevated pulmonary vascular 
resistance, progressive right ventricular 
(RV) failure, and death.

Symptoms are nonspecific and related 
to progressive RV dysfunction, the most 
common of which is shortness of breath. 
Additional symptoms include fatigue, 
weakness, angina, and syncope. These tend 
to be exertional early in the disease process 
but occur at rest as RV failure worsens.5 

Symptom severity is graded using the WHO 
functional class (WHO-FC), with increasing 
severity represented by a higher number.6 
Class I patients have no symptoms, with 
class II patients beginning to experience 
symptoms with strenuous ordinary activi-
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ties that begin to slightly limit functional status. Progression to 
class III is marked by symptoms with less than ordinary activity 
and severe limitation of functional status, and finally class IV 
patients exhibit symptoms at rest with inability to perform any 
activity without symptoms.

CTD-PAH is the second most common cause of PAH.7 
The CTD-PAH population has a higher proportion of older 
(6th decade) female (nearly 2-fold) patients and an increased 
comorbid burden of interstitial lung disease (ILD) and left 
heart disease (LHD).5 Nearly three-quarters of CTD-PAH 
cases occur in patients with systemic sclerosis (SSc) with PAH 
affecting about 10% of the SSc population. The prevalence of 
PAH appears to be much lower in other CTDs (<5% in systemic 
lupus erythematosus [SLE] and mixed connective tissue disease 
[MCTD]); however, these estimates may not accurately reflect 
the true burden due to lack of routine screening recommenda-
tions outside of SSc.8 

The underlying pathophysiologic mechanisms in CTD-PAH do 
not differ significantly from idiopathic PAH (IPAH) but may have 
differing magnitudes of impact on disease progression. Endothe-
lial dysfunction occurs as a result of endothelin-1 (ET-1) overex-
pression, coupled with deficiencies in both nitric oxide (NO) and 
prostacyclin. In SSc- and SLE-PAH, this ET-1 overexpression is 
inversely related to survival, and other data suggest that antibodies 
targeting ETA receptors are also more common in CTD-PAH and 

may predict prognosis in SSc-PAH.8 The role of autoimmunity 
and inflammation may be more pronounced as well, particularly 
in forms other than SSc-PAH. Histopathology suggests the pres-
ence of several autoantibodies, immune complexes, and proin-
flammatory cytokines that may contribute to arteriopathy, and 
there are data to suggest a possible link between inflammation 
and RV dysfunction. 

Current data supporting the use of targeted pharmacologic ther-
apies in the management of PH are overwhelmingly in the PAH 
(group I) population. However, earlier data suggest worsened 
prognosis and the magnitude of effect in the CTD-PAH popula-
tion is difficult to ascertain given limited enrollment in random-
ized controlled trials. Despite improvements in overall mortality, 
death from PH in the CTD population has increased over time and 
represents a leading cause of mortality.9

STAR*

What are the screening recommendations for PAH in 
patients with various types of CTDs?

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

Screening/Early Detection
Given the predominance of SSc in the CTD-PAH population, this 
is where the bulk of the data on screening comes from. Those with 

TABLE 1. ESC/ERS RISK ASSESSMENT TOOL FOR PULMONARY ARTERIAL HYPERTENSION: 1-YEAR MORTALITY17

Risk Determinant Low (<5%) Intermediate (5%-10%) High (>10%)

Signs of RV failure No No Yes

Symptom progression No Slow Fast

Syncope None Yes, occasional Yes, multiple

WHO-FC I, II III IV

6MWD (meters) >440 165-440 <165

Peak VO2 on CPET >15 mL/min/kg
(>65% predicted)

11-15 mL/min/kg 
(35%-65% predicted)

<11 mL/min/kg 
(<35% predicted)

Biomarkers (ng/L) NT-proBNP <300
BNP <50

NT-proBNP 300-1400
BNP 50-300

NT-proBNP >1400
BNP >300

Imaging RA area <18 cm2; 
no pericardial effusion

RA area 18-26 cm2; 
no/minimal pericardial effusion

RA area >26 cm2; 
pericardial effusion present

Hemodynamics RAP <8 mm Hg
CI ≥2.5 L/min/m2

SvO2 >65%

RAP 8-14 mm Hg
CI 2-2.4 L/min/m2

SvO2 60%-65%

RAP >14 mm Hg
CI <2 L/min/m2

SvO2 <60%

6MWD, 6-minute walk distance; BNP, brain natriuretic peptide; CI, cardiac index; CPET, cardiopulmonary exercise testing; ESC/ERS, European Society of Cardiology/

European Respiratory Society; NT-proBNP, N terminal-pro brain natriuretic peptide; RA, right atrium; RAP, right atrial pressure; RV, right ventricle; SvO2, mixed 

venous oxygen saturation; VO2, oxygen consumption; WHO-FC, World Health Organization functional class.

Reproduced with permission of the © ESC & ERS 2021. European Respiratory Journal Oct 2015, 46 (4) 903-975; DOI: 10.1183/13993003.01032-2015. 

Copyright remains with © ESC & ERS 2021.
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advanced disease are known to have poor response to therapy 
and data support early recognition to detect those with milder 
disease associated with improved survival.10 Despite this, there 
has been insufficient progress in early recognition of CTD-PAH, 
prompting the World Symposium on Pulmonary Hypertension to 
recommend annual screening for PAH in asymptomatic patients 
with SSc spectrum disorders and a diffusing capacity for carbon 
monoxide (DLCO) less than 80% of predicted to determine 
the need for diagnostic right heart catheterization. Tools may 
include the two-step DETECT algorithm, biomarkers, and/or 
transthoracic echocardiogram (TTE) or pulmonary function 
tests (PFTs) as recommended by the 2015 European guide-
lines.5,11,12 DETECT is suggested in those with more than 3 
years of disease, and for PFTs the use of forced vital capacity/
DLCO ratio greater than 1.6 in combination with N-terminal-
pro hormone B-type natriuretic peptide (NT-proBNP) greater 

than 2 times the upper limit of normal are recommended 
cutoffs to prompt further diagnostic testing. Given the paucity 
of data in other forms of CTD-PAH, screening recommenda-
tions support echocardiography for symptomatic patients.5 

Treatment Landscape 
Guideline Recommendations and Goals of Therapy
Despite the differences outlined in the CTD-PAH population, 
current guidelines support use of the same algorithmic approach 
as the overall group I PAH population.5,13,14 Once a diagnosis 
of PAH is confirmed by an expert center and supportive care is 
initiated, an estimation of 1-year mortality risk via the use of a 
comprehensive, multiparametric tool must be undertaken. The 
2015 European Society of Cardiology/European Respiratory 
Society (ESC/ERS) guidelines proposed stratifying patients into 
low (<5%), intermediate (5%-10%), or high (>10%) risk to guide 

FIGURE 1. 6TH WORLD SYMPOSIUM ON PULMONARY HYPERTENSION TREATMENT ALGORITHM13 

IV, intravenous; PAH, pulmonary arterial hypertension; PCA, prostacyclin analog.

Figure republished from Galiè N, et al. Eur Respir J. 2019;53(1):1801889, under the terms of a Creative Commons Attribution Non-Commercial License 4.0.
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treatment decisions based on a number of signs, symptoms, and 
objective parameters. The goal of treatment is to reach a low (or 
lower) risk profile that requires this assessment to occur not only 
at baseline to determine upfront therapy in the treatment naïve, 
but also serial reassessment to guide need for intensification of 
treatment. The importance of targeting this low-risk profile is 
underscored by data showing that both lower risk status at base-
line and improvement in risk in the first 12 months of therapy 
predicts future survival.15,16

There are several tools available to estimate risk based on 
a varying number of parameters; however, none have been 
validated specifically for the CTD-PAH subset. The ESC/
ERS risk assessment tool includes 12 variables, with catego-
rization based on where the majority of parameters fall (see 
TABLE 117).5 This tool has been independently validated and 
retains accuracy with use of as little as 4 variables. Addition-
ally, patients who attain 3 or 4 low-risk criteria have found 
to have 1-year mortality of 1% or lower, as compared with 
13% to 30% with zero low-risk criteria.5,15,18,19 The downfall of 
this tool and this low-risk goal is that the minority of patients 
treated will achieve it and the use of combination therapy in 
the validation cohorts was very low. Ultimately, there is a need 
to prospectively evaluate these ambitious treatment targets. 
Another commonly used risk assessment tool comes from the 
US REVEAL registry, developed in attempts to predict both 
mortality and clinical worsening.20 The initial score used 12 
variables with modification and expansion to include recent 
hospitalization and renal dysfunction in the more recent 2.0 
version. Key differences with the ESC tool include consider-
ation for the subgroup of PAH (including CTD-PAH differen-
tiation from heritable-PAH [HPAH]), demographics (men >60 
years), renal dysfunction, baseline vital signs (systolic blood 
pressure and heart rate), and need for hospitalization within 6 
months. REVEAL was found to have better risk discrimination 
in comparison to some of the abbreviated tools, but there are 
benefits and drawbacks to all available scoring systems and a 
lack of data regarding how risk should translate to treatment 
strategy for patients in terms of improvements in outcomes. 
However, given that patients at higher risk do more poorly, and 
those who achieve a low or lower risk profile have improved 
outcomes, the approach to being more aggressive with upfront 
therapy in the highest risk and escalating therapy in those who 
do not attain that is a reasonable approach.

FIGURE 113 outlines the recommended approach to pharma-
cologic treatment of PAH, including those with CTD-PAH. An 
important difference in the CTD-PAH subgroup is that vasoreac-
tivity testing is not indicated before proceeding with risk assess-

ment and directed pharmacologic therapy, and calcium channel 
blocker use is also not recommended.13 In the high-risk popula-
tion with greater than 10% risk of 1-year mortality, management 
is more aggressive with upfront triple combination therapy with 
an intravenous (IV) prostacyclin  being one of the agents. Patients 
who are either low or intermediate risk (<5 or 5%-10%), should 
be considered for upfront oral combination therapy targeting 
different pathways. Once an initial strategy is selected, it is 
important to evaluate achievement of the goal of improving risk 
status with evaluation after 3 to 6 months. For those patients on 
treatment for at least that duration meeting the low-risk goal, no 
change is warranted, and the patient should be followed up for 
continued clinical response. However, in those that remain at 
intermediate or high risk, therapeutic intensification is warranted. 
For those patients on dual therapy, a third agent should be added 
from a complementary pathway (sequential combination therapy) 
with re-evaluation in 3 to 6 months and further escalation to triple 
therapy including a parenteral prostacyclin if disease progression 
continues. These guidelines do not support the use of specific 
agent(s) in the pathway as head-to-head comparisons between 
agents are generally lacking.

 
General and Supportive Measures
Once a diagnosis has been confirmed, treatment should first 
begin with consideration for general health measures in addition 
to supportive therapies.13 Pregnancy avoidance is recommended 
due to high maternal mortality rates and concerns with teratoge-
nicity associated with several therapeutic options. Females of 
childbearing potential should be instructed regarding the use of 
combination contraception with 2 methods, with specific consid-
erations to comply with Risk Evaluation and Mitigation Strategy 
(REMS) requirements for selected agents.5 Standard immunization 
against influenza and pneumococcal infection are recommended, 
with support from the Pulmonary Hypertension Association 
for COVID-19 vaccination as recommended by the Centers for 
Disease Control and Prevention (currently all patients aged 12 
years or older).21 Support and evaluation of adherence to complex 
medication regimens are also keys for success for both the phys-
ical and psychological health of the PAH population. Supportive 
therapies for PAH include considerations for anticoagulation 
therapy, diuretic and digoxin use, as well as considerations for 
anemia and hypoxemia. Anticoagulation is not recommended in 
the CTD-PAH population in absence of a concomitant indication 
given concerns regarding lack of benefit and increased bleeding 
and mortality in retrospective registry analyses.22,23 The use of loop 
diuretics is recommended for management of symptoms associ-
ated with volume overload, supported by clinical experience and 
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extrapolation for the left-sided heart failure population. Similarly, 
oxygen supplementation is recommended in those with arterial O2 
saturation less than 90% based largely on expert opinion. Digoxin 
provides no long-term benefit in the management of CTD-PAH but 
is considered safe for use as required. Finally, as iron deficiency is 
prevalent in PAH with potential for adverse effects (AEs) on exer-
cise capacity, it is reasonable to screen for and correct with IV iron, 
given potential concerns for reduced oral absorption. 

Pharmacologic Therapies: Endothelin Receptor 
Antagonists (ERAs) 
The known excess of ET-1 produced by endothelial cells is 
targeted by the ERAs which block the vasoconstrictive and hyper-

proliferative effects at the ETA and ETB receptors (see FIGURE 224). 
There are 3 agents available within this class with slight differ-
ences in receptor selectivity. Bosentan (Tracleer) and macitentan  
(Opsumit) block both ETA and ETB receptors, while ambrisentan 
(Letairis) acts only at the ETA receptor. 

Bosentan was the first oral agent approved for the treatment of 
PAH and is indicated to improve exercise capacity and decrease 
clinical worsening (CW) in patients with PAH with WHO-FC 
II-IV symptoms. Treatment starts at 62.5 mg by mouth twice daily 
for 4 weeks before titration to the target dose of 125 mg twice 
daily for patients greater than 40 kg.25 The pivotal trials leading 
to its approval evaluated the effects of bosentan (62.5 mg twice 
daily for 4 weeks titrated to 125-250 mg twice daily) compared 

FIGURE 2. SITE OF ACTION OF PULMONARY ARTERIAL HYPERTENSION THERAPIES24

cAMP, cyclic adenosine monophosphate; cGMP, cyclic guanosine monophosphate; ETRA, endothelin receptor A; ETRB, endothelin receptor B; IP, prostacyclin; NO, nitric 

oxide; PDE5, phosphodiesterase type 5; PH, pulmonary hypertension; PKA, phosphate kinase A; PKG, cGMP-dependent protein kinase; sGC, soluble guanylate cyclase.

Figure republished from Humbert M, Ghofrani HA. Thorax. 2016;71(1):73-83, under the terms of a Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license.



55PHARMACYTIMES.ORG
NOVEMBER  2021

www.pharmacytimes.org

with placebo for a total of 12 (Study 351) or 16 (BREATHE-1) 
weeks on 6MWD.26,27 Of the 245 patients enrolled in these trials, 
66 (44 treated with bosentan) had a confirmed diagnosis of CTD 
along with PAH. Denton and colleagues pooled patient-level data 
to evaluate the effects of bosentan in this CTD-PAH subgroup both 
at the end of the double-blind phase and after the open-label long-
term extension where all patients were treated with bosentan.28 
The intervention group was older (mean, 58 vs 49 years; P = .02) 
with numerically more females (86% vs 77%) and those with SSc 
subtype (84% vs 68%). Despite similar baseline WHO-FC, the 
intervention group had other markers of increased disease severity 
with shorter 6MWD (312 m vs 361 m; P = .01) and higher pulmo-
nary vascular resistance (10 Wood units vs 9 Wood units). Bosentan 
was associated with a stabilizing effect on 6MWD (absolute differ-
ence, 22.1 m; 95% CI, −32 to 76) and delayed time to clinical 
worsening (TTCW) (95% vs 91% at 12 weeks; 90% vs 86% at 
16 weeks) with no significant differences in tolerability. The long-
term extension included 64 patients treated for a mean of 1.8 years, 
of which 40 remained on bosentan monotherapy. Treatment was 
associated with improvement in WHO-FC in one-quarter of the 
population and improved 6MWD (15 m), with survival rates of 
86% and 74% at 1 and 2 years, respectively. While the short-term 
6MWD effects were attenuated in comparison to the overall trial 
population, the absolute difference is in line with the minimal clin-
ically important difference of 24 m for the CTD-PAH population 
and meta-analyses showing the ability of a difference of 26 m to 
predict outcomes.29,30 These survival data were also improvements 
from historical reports in CTD-PAH (45% and 35% at 1 and 2 
years, respectively). The small sample size, changes in treatment of 
PAH in comparison with older cohorts, and differences in disease 
characteristics in the bosentan-treated group make it difficult to 
conclude the full treatment effect of bosentan in the CTD-PAH 
population. Nonetheless, these data are encouraging in terms of 
clinical deterioration, prognosis, and tolerability of bosentan. 

Ambrisentan is also indicated to improve exercise ability and 
delay TTCW in patients with FC II-III PAH, with the additional 
indication for upfront combination with tadalafil to reduce 
disease progression, PAH hospitalizations, and improve exercise 
capacity. Treatment starts at 5 mg by mouth once daily with titra-
tion to target dose of 10 mg once daily after 4 weeks.31 ARIES-C 
(including ARIES-1 and -2 studies) evaluated the effects of 
ambrisentan at doses of 2.5, 5, and 10 mg once daily compared 
with placebo over 12 weeks on 6MWD.32 Of the 394 patients 
randomized in these trials, 383 participants elected to continue 
in the extension study of open-label treatment with ambrisentan, 
including 124 individuals with CTD-PAH.33 The outcomes of this 
subset of patients were described as part of prespecified post hoc 

analyses.34 These patients were predominantly diagnosed with 
SSc spectrum (over 80%) with 81 randomized to ambrisentan. At 
12 weeks, those patients randomized to the 2 higher doses (5 or 
10 mg) of ambrisentan improved 6MWD by 17 and 22 m, respec-
tively. These effects waned over time during the extension phase. 
When evaluating categorial improvements in 6MWD, however, 
nearly three-quarters of this higher dose group had improvement 
at 12 weeks, and in the pooled ambrisentan group improvements 
remained above 50% at the 3-year mark. Benefits on WHO-FC 
were also durable, and TTCW was comparable in comparison to 
patients with IPAH (64% by 3 years). Survival rates were higher 
than what was previously summarized for bosentan, with 1-, 2-, 
and 3-year rates of 90%, 80%, and 76%, respectively. Baseline 
WHO-FC, 6MWD, female sex, and CTD-PAH subgroup were 
found to be significant predictors of survival, with the SLE 
subgroup at increased risk, although a small percentage of the 
overall CTD population. Specifically looking at 6MWD, both the 
change at 12 weeks and maintenance of an absolute value over 
222 m were prognostic for survival. These data strengthened the 
support for ERAs in the CTD-PAH subset.

Macitentan represents the newest agent to the ERA class and 
the first to demonstrate improvements in a long-term event-driven 
trial. It is indicated to reduce the risk of disease progression and 
PAH hospitalization in WHO-FC II-IV PAH at a dose of 10 mg 
by mouth once daily.35 The SERAPHIN trial evaluated the effects 
of macitentan (3 and 10 mg) compared with placebo on the time 
to first PAH event or death in 742 patients, of whom nearly a 
third (224) had CTD-PAH.36 About two-thirds of the population 
were on background therapy (predominantly phosphodiesterase 
type-5 inhibitors [PDE5i]) and those on parenteral prostanoids 
were excluded. The approved 10-mg dose was associated with a 
45% reduction in the primary outcome (HR, 0.55; 95% CI, 0.32-
0.76), driven mainly by a reduction in PAH hospitalizations over 
the 36-month follow-up and was associated with improvements in 
6MWD (+22 m) and WHO-FC at 6 months. While discrete data 
are not available for the CTD-PAH subgroup, the effects were 
consistent with those of the overall cohort, and these data further 
solidify macitentan’s place in therapy.

Tolerability is comparable but variable across this class with 
vasodilatory AEs predominating, and with anemia and teratoge-
nicity as a class effect. Bosentan is additionally associated with 
hepatotoxicity and requires baseline and monthly monitoring of 
liver function tests. Ambrisentan does not carry the same risk for 
hepatotoxicity; however, it is associated with significantly more 
peripheral edema and should be avoided in patients with concom-
itant idiopathic pulmonary fibrosis. No AEs were found to be 
significantly different in the CTD-PAH population as compared 
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with the overall cohort, but numerically there were increased 
reports of dizziness, edema, and fatigue. 

ERAs are available only through REMS programs from certi-
fied prescribers and pharmacies with unique laboratory and 
contraception requirements.37-39 All 3 agents are CYP substrates, 
and bosentan induces CYP 3A4 and 2C9, which makes drug−drug 
interaction (DDI) screening essential. 

Pharmacologic Therapies: PDE5 Inhibitors
Two PDE5 inhibitors, sildenafil (Revatio) and tadalafil (Adcirca), 
target the deficiency of nitric oxide (NO) and the NO pathway 
by preventing the breakdown of cyclic guanosine monophos-
phate (cGMP), resulting in relaxation of pulmonary vascular 
smooth muscle and vasodilation, in addition to antiproliferative 
effects (see FIGURE 224).

Sildenafil is indicated to improve exercise capacity and delay 
CW in WHO-FC II-III PAH at a dose of 20 mg by mouth 3 
times daily, and has an IV formulation available for use.40 The 
SUPER-1 trial evaluated the effects of sildenafil (20, 40, or 80 
mg thrice daily) compared with placebo on 6MWD at 12 weeks.41 
Results from the CTD-PAH subgroup (84 of 278 patients) have 
been reported as a post hoc analysis by Badesch and colleagues.42 
Scleroderma represented nearly half of the cases, with most 
patients enrolled with WHO-FC II (38%) or III (61%) symptoms 
at baseline. All doses of sildenafil were associated with improved 
6MWD (mean increase of 55 m in the 20-mg group) and improve-
ment by at least 1 WHO-FC (29% in the 20-mg group) at 12 
weeks. These results were comparable to the overall population, 
supporting sildenafil’s use in the CTD-PAH population.

Tadalafil is indicated to improve exercise capacity in WHO-FC 
II-III PAH with the advantage of being dosed once daily (40 mg 
once/day).43 The PHIRST trial treated 405 patients with or without 
background bosentan, randomized in equal numbers to increasing 
doses of tadalafil (2.5 through 40 mg) or placebo for 16 weeks, with 
357 patients continuing on the highest doses of 20 or 40 mg once 
daily in the 52-week extension (PHIRST-2).44 Galiè and colleagues 
performed a post hoc descriptive analysis comparing outcomes 
in CTD-PAH compared with heritable/idiopathic (H/I)-PAH who 
were randomized to placebo, tadalafil 20 or 40 mg and completed 
the PHIRST-1 trial with subsequent enrolled in PHIRST-2.45 Fifty-
six patients with CTD-PAH and 150 patients with I/H-PAH were 
included in the 16-week analysis and demonstrated improvements 
associated with tadalafil treatment in 6MWD in both cohorts. 
The CTD-PAH cohort had numerically higher rates of worsening 
WHO-FC (13% vs 7%) and CW (14% vs 11%) overall, but regard-
less of etiology, tadalafil 40 mg performed better in terms of 
WHO-FC. In the evaluable patients from the extension (CTD-PAH, 

n = 78; I/H-PAH, n = 223), 6MWD improvements were maintained 
regardless of etiology but were attenuated in those initially random-
ized to placebo or lower doses of tadalafil. WHO-FC worsening 
remained more common in CTD-PAH at the 40-mg dose (15% vs 
7%); however, regardless of etiology, the 40-mg dose performed 
more favorably. CW and TTCW were more favorable in the 
I/H-PAH cohort over the entire 68-week duration. While these 
data are exploratory, they do support a benefit of tadalafil in the 
CTD-PAH population regardless of concomitant ERA therapy.

Tolerability is also comparable in this class with overlapping 
vasodilatory effects including headache and flushing, but also 
associated with myalgias and visual and auditory alterations.42,45 
The post hoc analyses described comparable rates of these AEs in 
the CTD-PAH population, apart from slightly numerically higher 
incidence of serious AEs in tadalafil-treated patients compared 
with those with I/H-PAH, but the statistical and clinical signifi-
cance is unknown given the small sample size and retrospective 
nature of these data. In addition to contraindication with concomi-
tant nitrates and soluble guanylate cyclase (sGC) stimulators, 
both agents are substrates of CYP3A4, prompting the need for 
DDI screening with concomitant inducers or inhibitors.40,43

Pharmacologic Therapies: sGC Stimulators
sGC stimulators also target the NO pathway by acting both in 
synergy with endogenous NO and directly stimulating sGC inde-
pendently to increase cyclic guanosine monophosphate and reduce 
proliferation, fibrosis, vascular tone, and inflammation (see FIGURE 

224). Riociguat (Adempas) is the only drug in this class approved 
for the treatment of PAH, indicated to improve exercise capacity 
and WHO-FC in those with FC II-III symptoms.46 Dosing is initi-
ated at 1 mg by mouth thrice daily with titration, as tolerated, to a 
maximum of 2.5 mg thrice daily. The PATENT-1 trial evaluated the 
effects of riociguat at maximum doses of 1.5 or 2.5 mg thrice daily 
compared with placebo on 6MWD at 12 weeks in 443 patients with 
PAH, with optional continuation in the open-label extension trial at 
a maximum dose of 2.5 mg thrice daily.47 A prespecified analysis 
of patients with CTD-PAH with exploratory evaluation of response 
differences within CTD subtypes at both the 12-week (n = 111) 
and 2-year (n = 84) timepoints have been reported by Humbert 
and colleagues.48 Nearly two-thirds of the population were treated 
with background therapy, predominantly ERAs (over half), and 
SSc represented 59% of the CTD subtypes. At 12 weeks, riociguat 
improved 6MWD by 28 m, with the treatment effect driven by a 
larger worsening in the SSc subtype assigned to placebo. This was 
shorter than the overall PATENT-1 trial (39 m) but was maintained 
at 2 years. The effect on WHO-FC was comparable in all subtypes 
and to the overall population, and efficacy was comparable regard-
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less of concomitant background therapy. Survival at 2 years was 
93% matching that of the I/H-PAH population.

Vasodilatory AEs are similar to the PDE5 inhibitors, but 
dyspepsia is very common. It appears that tolerability was compa-
rable in the CTD-PAH population and among subtypes but may 
be more pronounced in comparison with the overall PAH popula-
tion.48 In addition to contraindication with concomitant nitrates 
or PDE5 inhibitors, riociguat is a substrate of P-glycoprotein, 
breast cancer resistance protein, and various CYP isoenzymes. 
Smoking and antacid use are also important considerations for 
dosing as they are associated with reduced drug exposure.46 A 
REMS program is also in place for female patients with require-
ment for pregnancy testing and contraception requirements 
similar to the ERAs.49 

Pharmacologic Therapies: Prostanoids 
Prostacyclin analogues offer the widest array of administration 
options at the expense of increased complexity. These agents act 
on the prostacyclin pathway to promote vasodilation and inhibit 
both platelet aggregation and smooth muscle cell proliferation 
by stimulating the prostacyclin receptor (see FIGURE 224). Inject-
able agents include epoprostenol (Flolan, Veletri) and treprostinil 
(Remodulin), administered by continuous IV infusion due to short 
half-lives.50,51 Treprostinil is also available for subcutaneous (SC) 
infusion, as well as both inhaled (Tyvaso) and oral (Orenitram) 
routes.51-53 Iloprost (Ventavis) is available only as an inhaled agent 
in the United States.54

Injectable prostanoids have comparable tolerability, with vaso-
dilatory effects as outlined with previously discussed agents. 
Unique AEs of this class include jaw pain, nausea/vomiting, 
and musculoskeletal pain. Additional distinctive AEs include 
thrombocytopenia (epoprostenol); gram negative bacteremia (IV 
treprostinil); and dose- and treatment-limiting infusion site pain/
erythema (SC treprostinil). Dosing is in ng/kg/min with initiation 
at low doses (1.25-2 ng/kg/min) and titration based on tolerability 
and response. All injectable agents require continuous infusion 
without interruption via a dedicated line with sterile preparation. 
These agents are contraindicated with concomitant left-sided heart 
failure due to increased mortality noted with IV epoprostenol.55 
These agents are available only through specialty pharmacy and 
require significant teaching and investment by the patient and 
caregivers to ensure success with drug admixture, administration, 
and maintenance of the infusion pump and access site.

Epoprostenol

Epoprostenol preparations are indicated to improve exercise 
capacity in WHO-FC III-IV PAH. IV epoprostenol remains the 

only agent associated with improved mortality in this popula-
tion.56 Improvements in 6MWD and hemodynamics have also 
been demonstrated. The initial formulation (Flolan) was not stable 
at room temperature and required use of ice packs as well as a 
special diluent for stability. A newer thermostable formulation 
(Veletri) is available and, while not bioequivalent, is preferred 
from a logistical perspective. Branded Flolan is now stable at 
room temperature using a pH 12 diluent, while the generic formu-
lation still requires a unique diluent but is only stable 8 hours at 
room temperature so requires ice packs during infusion.50,57

The only randomized, prospective study of epoprostenol in 
CTD-PAH involved 111 patients with scleroderma spectrum of 
disease treated in an open-label manner with IV epoprostenol or 
conventional therapy.58 Over 12 weeks, epoprostenol was associ-
ated with improvements in 6MWD (108 m) as well as hemody-
namics (mean pulmonary arterial pressure, pulmonary vascular 
resistance, right atrial pressure, cardiac index, mixed venous 
oxygen saturation). AEs associated with epoprostenol were 
similar to those previously discussed, with gastrointestinal (GI) 
effects and jaw pain predominating. The outcomes are difficult 
to interpret in the modern era given the significant advances in 
treatment; however, these data do support the use of epoprostenol 
in the CTD-PAH population. 

Treprostinil

Parenteral treprostinil is indicated to reduce exercise symptoms 
in WHO-FC II-IV PAH, and in patients receiving epoprostenol 
who require transition to reduce the rate of deterioration.51 
Treprostinil has a longer half-life than epoprostenol and more 
data exist for SC administration with dose-related increases in 
6MWD and hemodynamics and is preferred to IV administra-
tion.51,59 The efficacy and safety of SC treprostinil was evaluated 
over 12 weeks in 470 patients, of whom 90 had CTD-PAH.60 

In a retrospective analysis, treprostinil (1.25 ng/kg/min titrated 
to mean 8.4 ng/kg/min over 12 weeks in the active treatment 
arm) was associated with a 21 m increase in mean 6MWD and 
improvements in dyspnea rating, and those who tolerated a 
higher dose (>9 ng/kg/min) tended to have longer 6MWD, in 
line with the overall study population. Tolerability was similar 
to epoprostenol in this population; however, infusion site pain 
was very common (70%) and led to limitations of dose titra-
tion in the active treatment group as well as discontinuation 
of therapy. Although retrospective with a limited sample size, 
these data support the safety and tolerability of SC-administered 
treprostinil in the CTD-PAH population.

Oral treprostinil is indicated to delay disease progression and 
improve exercise capacity in WHO-FC II-III PAH.53 The overall 
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data with this route of administration are more limited than what 
has been discussed for other agents, with therapy often limited 
by GI AEs. The FREEDOM-EV trial evaluated the effects of oral 
treprostinil added to background therapy with either an ERA or NO 
pathway targeted therapy (PDE5i or sGC stimulator) on TTCW in 
690 patients, of whom 178 had CTD-PAH.61 Dosing was initiated 
at 0.125 mg by mouth thrice daily with titration to a maximum 
tolerated dose not to exceed 12 mg thrice daily (median achieved 
dose 6 mg thrice daily at 24 weeks). CW was reduced by 26% in 
the treprostinil-treated population, driven by a reduction in disease 
progression. Improvements in NT-proBNP, WHO-FC, and 6MWD 
were also observed. While discrete data are not available for the 
CTD-PAH subgroup, the effects were consistent with those of the 
overall cohort in subgroup analysis, suggesting a similar place in 
therapy to the overall PAH population. Nearly the entire treatment 
group reported an AE attributable to treprostinil, with headache, 
GI effects, and flushing occurring more frequently, with higher 
severity, and leading to discontinuation (19% vs 4% placebo). 

Inhaled Prostacyclins

Iloprost and treprostinil represent the currently available inhaled 
agents for the treatment of PAH. Discrete data on the clinical effects 
in the CTD-PAH population are more limited, as are long-term 
outcomes data, but the CTD-PAH population did compose nearly a 
third of the studied populations leading to approval of these agents. 
Iloprost is indicated to improve the composite of exercise tolerance, 
WHO-FC, and lack of deterioration in WHO-FC III-IV PAH.54 
Treprostinil is similarly indicated to improve exercise capacity 
in WHO-FC III PAH.52 Given the long and frequent administra-
tion times associated with iloprost (dosed 6-9 times/day, at least 2 
hours apart during waking hours), it has largely been replaced by 
treprostinil in practice, which is dosed in breaths (6 mcg/breath) 4 
times daily. Both agents are associated with the systemic AEs of the 
prostacyclin class, with the addition of cough and throat irritation. 
Agent-specific nebulizers are required for administration and both 
agents are available only through specialty pharmacies.

Selexipag

Selexipag (Uptravi) targets the prostacyclin pathway by selec-
tively stimulating the PI receptor to promote vasodilation and 
antiproliferation (see FIGURE 224). It is indicated to delay disease 
progression and reduce hospitalization risk in WHO-FC II-III 
PAH.62 Dosing is initiated at 200 mcg by mouth twice daily and 
titrated at weekly intervals to a maximum dose of 1600 mcg 
twice daily based on tolerability, and now has an IV formulation 
available. The GRIPHON trial evaluated the effects of selexipag 
(200 mcg titrated to maximum 1600 mcg twice daily as tolerated) 

compared with placebo on the time to death or PAH complica-
tion in 1156 patients, of whom 334 had CTD-PAH (SSc = 170, 
SLE = 82) and nearly 80% were on background therapy with one 
or more agent.63 Selexipag was associated with a 41% reduction 
in the primary outcome (HR, 0.59; 95% CI, 0.41-0.85), driven 
mainly by reductions in PAH hospitalizations and disease progres-
sion over the more than 40-month follow-up despite modest 
improvements in 6MWD (+12 m). The effects were consistent 
across CTD subtypes, background therapies, dose achieved, and 
in comparison to the overall PAH population. This represents the 
largest cohort of patients with CTD-PAH and, unlike those data 
previously discussed, supports a similar benefit in this popula-
tion. These outcomes are supported by real-world data from the 
SPHERE registry of newly initiated patients receiving selex-
ipag, 132 of whom had CTD-PAH and had similar outcomes to 
patients with IPAH.64

Many AEs are similar to those outlined with the prostacyclins 
(including jaw pain) with headache and GI concerns predomi-
nating. The incidence was similar in the CTD-PAH population 
from GRIPHON but were reported more frequently during dose 
titration and led to numerically higher discontinuation rates 
(19% vs 14% overall).63 Selexipag is a substrate of CYP2C8 and 
is contraindicated with concomitant gemfibrozil.62

Clinical Benefits of Combination Therapy
Combination therapy has emerged as a first-line option for the 
majority of the PAH population, with selection of agents dependent 
on disease severity and risk assessment, as previously discussed. 
Data support upfront triple combination therapy consisting of IV 
epoprostenol with oral bosentan and sildenafil in a small high-
risk population.65 Improvements included WHO-FC, 6MWD, and 
several hemodynamic parameters from baseline, with survival 
better than expected. Data on the benefits of combination therapy 
in the non-high-risk population have come predominantly from 
analysis of outcomes in the treatment-naïve versus pretreated 
patients enrolled in placebo-controlled add-on therapy trials 
(sequential combination therapy). Macitentan-treated patients in 
SERAPHIN had similar benefit regardless of background treat-
ment (64% of overall population, mostly PDE5 inhibitors).36 
Likewise, selexipag-treated patients in GRIPHON on either 
single or dual background therapy (80% on single, nearly a third 
on combination PDE5i inhibitor + ERA) had similar benefit to 
the overall population.66,67 The previously summarized analyses in 
the CTD-PAH population do not alone afford a fair evaluation of 
the benefits of sequential combination therapy in this population 
in comparison with the overall PAH population but are generally 
considered to be supportive of this approach.
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The effects of upfront combination versus monotherapy on 
time to clinical failure was evaluated in 500 treatment-naïve 
patients in the AMBITION trial.68 Patients were randomized to 
oral combination therapy with ambrisentan 10 mg and tadalafil 
40 mg daily versus monotherapy with either agent. A post hoc 
analysis of 187 patients with CTD-PAH (118 with SSc) was 
reported by Coghlan and colleagues.69 Combination therapy 
was associated with a 57% reduction in the primary outcome 
over a mean of 517 days in comparison with the pooled mono-
therapy arm, driven by hospitalizations, and was consistent 
with the overall event rates in the trial and in comparison with 
the I/H-PAH subgroup. Tolerability appeared to be worse in 
the CTD-PAH subgroup, with peripheral edema and headache 
predominating and higher rates of discontinuation for AEs. These 
data solidify the upfront combination therapy approach in the 
CTD-PAH subgroup even in a low to intermediate risk category.

STAR

What roles can the pharmacist play in ensuring the safe and 
effective treatment of PAH in the CTD population?

Opportunities for Intervention  
by Pharmacists
Pharmacists are uniquely positioned to aid in the successful 
treatment of the PAH population. Key areas for involvement 
may include patient and caregiver education, formulary manage-
ment, policy and protocol development to assist with medica-
tion safety and regulatory management, transitions of care and 
access-related concerns, AE management, and drug interaction and 
adherence monitoring.70

Pharmacists can provide education on sterile technique for 
parenteral therapies with inclusion of family members and other 
caregivers in the process, and education for others regarding the 
resources available in case of emergencies through specialty 
pharmacies such as Accredo (toll free 24 hours, 866-FIGHT-PH). 
Additionally, considering the data identifying underrecognition 
of CTD-PAH and the adverse consequences of starting therapy in 
more advanced disease, pharmacists can advocate for increased 
awareness of the potential for PAH in the vulnerable CTD popula-
tion with colleagues and local providers in the primary care space.

Given the complexity of parenteral prostacyclin preparation 
and administration, these agents are included on the high alert 
medication list of the Institute for Safe Medication Practices. 
Survey data from US PH centers suggest that most institutions 
have experienced errors somewhere in the medication ordering 
and administration process with severity ranging from minor to 
cases of fatality.71 These can be addressed through the creation of 
standardized order sets for order entry, policy development, and 
implementation of training and regular competencies for nursing 
and pharmacy personnel involved with order verification, prepa-
ration, and administration. Additional pharmacy-led initiatives to 
consider may include independent double checks of any calcula-
tions in the compounding process in addition to verification of 
the home dosing regimen with the patient’s specialty pharmacy. 

Formulary management is another essential consideration for 
pharmacists. Considerations include a lack of data to support 
therapeutic interchange of agents within a class, differing REMS 
requirements/enrollment, administration differences, and need 
for continuous access is imperative. Evaluation of institutional 
needs and resources available to ensure safe, consistent involve-
ment, as well as expected frequency of use, prescriber experience, 

TABLE 2. REMS PROGRAM REQUIREMENTS37-39,50

Bosentan Ambrisentan, Macitentan, and Riociguat

Participant enrollment Prescriber, pharmacy, hospital, ALL patients Prescriber, pharmacy, hospital, FEMALE patients

Monitoring Baseline and monthly LFTs (all); pregnancy 
test (FRP)

Baseline and monthly pregnancy test (FRP)

Required document(s) Medication guide Medication guide (FRP, pre-pubertal); program guide (FRP)

Acceptable 
contraception

IUD or tubal sterilization alone; hormonal 
PLUS barrier; 2 barriers; partner vasectomy 
PLUS hormonal or barrier

Same as bosentan; can also have progesterone implant 
as lone method

Inpatient dispensing Hospital may only dispense ≤15-day supply on discharge; medication guide

Outpatient dispensing Maximum 30-day supplya; medication guide; 
confirm labs completed, prescriber enrolled; 
document reason for stopping therapy

Maximum 30-day supplya,b; medication guide; confirm 
pregnancy test completed, prescriber enrolled

FRP, females of reproductive potential; IUD, intrauterine device; LFT, liver function test.
aProcess for extended travel exists.
bOnly noted for FRP and/or pre-pubertal females.
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and cost must also be involved in this multidisciplinary decision. 
Given the infrequent prevalence in the overall population, it 
may be sporadic and infrequent for a given center to encounter 
patients requiring these medications, which further complicate 
the ordering and storage of multiple medications from an inven-
tory perspective and potential for expiration prior to use. The use 
of patients’ own medication or emergency acquisition through 
specialty pharmacies should be considered in these situations.

Regulatory requirements are important formulary consider-
ations but also represent an area for pharmacist involvement for 
the ERAs and riociguat. Requirements are similar but slightly 
differ for each of the agents and can be found in TABLE 2.37-39,50 
These requirements apply for both inpatient and outpatient use, 
and for new initiation and continuation of therapy. The use of 
order sets to capture these requirements as part of the ordering 
process may aid in consistent compliance, in addition to appro-
priate staff education and training. 

Pharmacist involvement in managing treatment cannot be under-
stated, and should include AE management, DDI screening, initia-
tion and titration guidance, and assistance with transitions of care. 
There is significant overlap in AE profiles due to the vasodilatory 
effects of these agents with several classes also associated with 
peripheral edema and significant GI distress. Prostacyclin initiation 
and titration is a particularly important area for discussion of AEs 
with patients as titration is limited by patient tolerability. Starting 
at appropriate doses (1-2 ng/kg/min) with titration only once toler-
ance has been confirmed with the patient, while educating the 
patient on what to expect, may help to ensure success. Many AEs 
(myalgias, nausea/vomiting/diarrhea, refractory dizziness/hypo-
tension) are dose related and may respond to slower titration or 
dose reductions.72 Jaw pain is unique and can be significant, but 
should not necessitate dose alteration, and may be minimized by 
instructing the patient to take slow bites/sips or suck on a saltine 
cracker or candy before eating. Headaches and myalgias should be 
treated with nonopioid analgesics with acetaminophen first line and 
consideration for pretreatment before dose escalation. The unique 
site pain with SC treprostinil can be particularly problematic and 
can be aided by catheter-related considerations, including keeping 
the catheter in place as long as possible, avoidance of stretch 
marks/scar tissue, and pre-placing the next site to allow for healing 
before use. Management should include the use of topical treat-
ments such as ice packs, capsaicin, and topical anesthetics or corti-
costeroids. If these are insufficient, nonnarcotic analgesics may be 
considered, but it is important to note that this is not responsive to 
dose reduction. Diarrhea and nausea can be controlled with anti-
motility agents or antiemetics, with consideration for pretreatment 

before dose titration. Facial flushing also requires patient reassur-
ance that tolerance will develop and may be improved with the use 
of a fan and/or cold packs. Given the overlap in AEs, additional 
considerations to improve tolerance when initiating combination 
therapy may include staggered initiation of combination therapy to 
avoid initiation on the same day (eg, starting PDE5 inhibitor and 
ensuring tolerance before adding on ERA therapy) or initiation of 
both agents at a lower dose with titration to target doses after 2 to 4 
weeks (eg, start ambrisentan 5 mg daily plus tadalafil 20 mg daily, 
increase at 4-week intervals to target dose of both agents) as was 
done in AMBITION.68,73 

Given the aggressive treatment goals and significant burden 
associated with many therapies, monitoring response and compli-
ance is another important consideration for pharmacists. These 
are not unique to PAH, but considerations include the number 
and frequency of medications and overall pill burden as well as a 
potential lack of short-term consequence conceived by the patient 
of missing a dose. Nonadherence has the potential to lead to a host 
of untoward effects, including unnecessary/inappropriate escala-
tion of therapy, which can compound the problem. Additionally, 
patients may require increased oxygen or experience a rebound of 
symptoms or clinical deterioration leading to emergency depart-
ment visits that may ultimately result in hospitalization or death.

Access to these costly medications and necessary supplies is 
increasingly complex, with special consideration for patients 
who require hospitalization for initiation as with parenteral pros-
tacyclins. This includes submission or assistance with the prior 
authorization process and co-pay assistance or charitable funds; 
ensuring patients have the supplies and equipment they need in 
addition to just the drugs themselves; and compliance with REMS 
programs previously outlined.

Transitions between the inpatient and outpatient settings intro-
duce another potential area for medication errors, making coor-
dination of care to ensure continuous access and accurate dosing 
crucial in this population. Considerations include inpatient access 
to continue therapy, coordination with specialty pharmacy, 
discharge planning and communication with outpatient providers 
(both PH providers as well as primary care), and confirmation of 
home delivery and infusion pump access for parenteral agents. 
For those patients who are critically ill and require care in the 
intensive care unit or are unable to take medications by mouth, 
methods (crushing/suspensions for administration via tube) or 
alternative routes (IV availability, inhaled agents in ventilated 
patients) of administration must be considered. These may be 
aided by development of standard protocols and procedures for 
such scenarios with careful coordination through each step of the 
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process.74 Screening for DDIs should also take place in each phase 
of care given the predominance of CYP contribution to metabolism 
of many agents. Notably, the PDE5 inhibitors, ERAs, treprostinil, 
riociguat, and selexipag all have CYP interactions to consider that 
may require dose alteration or entire avoidance. Within the PAH 
target therapies, it is important to avoid multiple agents from the 
same pathway when combining therapy, and the concomitant use 
of PDE5 inhibitors and riociguat is contraindicated.  

Conclusion
PAH is a rare disease with significant impact in the CTD popula-
tion that remains underrecognized. Earlier data reported worse 
outcomes in the CTD-PAH subgroup; however, more contempo-
rary data from the targeted treatment era with earlier diagnosis 
and treatment suggest similar outcomes. Approach to treatment 
is largely similar in CTD-PAH with careful discussion regarding 
risks and benefits, education, and safety monitoring. Risk 
assessment is crucial to appropriate therapeutic intervention and 
assessment of response. Pharmacists are uniquely positioned to 
aid in the safe and effective use of targeted therapies throughout 
the spectrum of the health care setting.
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POSTTEST QUESTIONS

1.  Which statement is true regarding connective 
tissue disease (CTD)-associated pulmonary arterial 
hypertension (PAH)? 
A. CTD-PAH is more common than idiopathic  

or heritable PAH.
B. Patients with CTD-PAH have improved  

treatment outcomes.
C. There are significant differences in the 

pathophysiology of CTD-PAH.
D. Systemic sclerosis (SSc) is the most common cause  

of CTD-PAH. 

2.  JP is a 65-year-old woman with SSc diagnosed 2 years 
ago, hypertension, and diabetes presenting for annual 
wellness screen. Her most recent pulmonary function 
test revealed a diffusing capacity of carbon monoxide 
(DLCO) 75% predicted, but she does not have any 
complaints today. Which of the following screening 
tests should be performed as a first step for JP to 
evaluate for PAH? 
A. No further screening is warranted as JP  

is asymptomatic.
B. N-terminal-pro hormone B-type natriuretic peptide 

(NT-proBNP) level
C. Transthoracic echocardiogram
D. DETECT algorithm assessment

3. Which of the following is true regarding PAH targeted 
therapies in the CTD-PAH population? 
A. Patients with CTD-PAH have shown to have better 

tolerability than PAH overall.
B. CTD-PAH has consistently been shown to be 

associated with less response to treatment.
C. PAH-related mortality has increased over time and has 

been worse than predicted in CTD-PAH.
D. Contemporary data support the use of targeted 

therapies for CTD-PAH.

Use the following case to answer questions 4 and 5.

RD is a 62-year-old man with systemic lupus erythematosus 
(SLE) recently diagnosed with PAH. He complains of lower 
extremity edema, shortness of breath with activities of 
daily living causing severe limitation, and fatigue. His 
symptoms are consistent with World Health Organization 
Functional Class (WHO-RC) III. His medications include 
aspirin 81 mg daily, prednisone 5 mg daily, isosorbide 
mononitrate 30 mg daily, and chlorthalidone 25 mg daily. 
He lives alone, and has issues with dexterity in his hands. 

4.  Based on the European Society of Cardiology (ESC)/
European Respiratory Society (ERS) risk assessment, 
RD is deemed to be at intermediate risk of 1-year 
mortality. Which of the following treatment regimens 
would be most appropriate to initiate? 
A. Tadalafil 40 mg daily plus ambrisentan 10 mg daily
B. Bosentan 250 mg twice daily plus riociguat 1 mg 

titrated to 2.5 mg thrice daily as tolerated
C. Macitentan 10 mg daily plus selexipag 200 mg titrated 

to 1600 mg twice daily as tolerated
D. Sildenafil 20 mg thrice daily plus IV epoprostenol 2 

ng/kg/min titrated based on tolerability

5.  Which treatment goal is a reasonable expectation to 
discuss with RD? 
A. Achieve a low-risk status within 12 weeks
B. Improvement to WHO-FC I symptoms within 6 months
C. Improvement in 6-minute walk distance (6MWD) 

within 12 months
D. Reduced risk of death from PAH within 12 months

6. A patient returns to clinic with complaints of weakness and 
is found on laboratory analysis to be anemic. Which of the 
following PAH medications is associated with anemia? 
A. Macitentan
B. Tadalafil
C. Riociguat
D. Selexipag
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POSTTEST QUESTIONS (continued)

7. CW is a 62-year-old woman with SSc-PAH presenting 
with progressive PAH symptoms and high risk of 
mortality despite treatment with ambrisentan 10 mg 
daily plus tadalafil 40 mg daily for the past 3 months. 
Which of the following is the most appropriate 
therapeutic intervention at this time? 
A. Schedule hospital admission for initiation of IV 

epoprostenol
B. Discontinue tadalafil and add riociguat 1 mg titrated as 

tolerated to maximum 2.5 mg thrice daily
C. Add selexipag 200 mcg titrated as tolerated to 

maximum 1600 mcg twice daily
D. No change in therapy, re-evaluate in 3 months

8.  Which of the following is the most appropriate 
recommendation to address adverse effects (AEs) 
associated with parenteral prostacyclin therapy? 
A. Discontinue oral agents with overlapping vasodilatory 

effects prior to initiation to maximize chances  
for tolerability

B. Pretreat with acetaminophen prior to dose increases if 
headaches are experienced

C. Titrate the dose up quickly to achieve a fast time to 
steady state and reduce AEs

D. Slow dose titration or reduce the dose if patients 
exhibit site pain with subcutaneous treprostinil

9. You are asked to evaluate the addition of macitentan and 
riociguat to your formulary. Which one of the following 
would most likely bar the addition of either agent? 
A. Contraindications for both agents with concomitant 

PDE5 inhibitor or nitrate
B. Inability to enforce necessary regulatory  

REMS requirements
C. Cost of stocking and administering these medications
D. Nursing unfamiliarity with administration

10.  Which of the following supportive/general care 
recommendations are appropriate to recommend  
for patients with CTD-PAH? 
A. Avoidance of male patients fathering a child
B. Routine anticoagulation
C. Diuretics for symptoms of volume overload
D. Calcium channel blocker use



66 PHARMACYTIMES.ORG
NOVEMBER  2021

Proper Use and the Role of Biosimilars in Inflammatory 
Bowel Disease Treatment to Improve Outcomes  
and Access to Care: Key Considerations for Pharmacists 

EDUCATIONAL OBJECTIVES

At the completion of this activity, the participant will be able to:
•  Explore the history and growing role of biosimilars as well as the clinical and economic impact 

of their role in the management of inflammatory bowel disease (IBD)
• Examine immunogenicity, extrapolation of indications, interchangeability, and switching of 

biosimilars in clinical practice for IBD management
•  Analyze data regarding the safety and efficacy of biosimilars in the management of IBD and the 

mechanism of action of biologic anti-TNF agents
•  Determine the pharmacist’s role in the management of patients with IBD and strategies to 

incorporate the use of biosimilars into clinical practice

TARGET AUDIENCE: Pharmacists
ACTIVITY TYPE: Application
RELEASE DATE: November 12, 2021
EXPIRATION DATE: November 12, 2022
ESTIMATED TIME TO COMPLETE ACTIVITY: 2.5 hours
FEE: This lesson is offered for free at www.pharmacytimes.org.

Pharmacy Times Continuing Education™ is accredited by the Accreditation Council 
for Pharmacy Education (ACPE) as a provider of continuing pharmacy education. 
This activity is approved for 2.5 contact hours (0.25 CEU) under the ACPE universal 
activity number 0290-0000-21-367-H01-P. The activity is available for CE credit 
through November 12, 2022.

Introduction
There has  been a wide range of appli-
cable uses for biologic agents since the first  
approval in 1982 for diabetes.1 Today that 
treatment list has expanded to indications 
such as oncology, multiple sclerosis, and 
inflammatory disease states such as Crohn 
disease (CD) and ulcerative colitis (UC). 
When these agents entered the market, they 
revolutionized clinical practice due to their 
efficacy, expensive cost, and management. 
The research and manufacturing processes 
required for biologics are intensive, espe-
cially considering they are created from 
a biologic source such as plant or animal 
cells. This is where the term “biologic” gets 
the name, with a wide variety of products 
approved including therapeutic proteins, 
monoclonal antibodies, and vaccines.2 
Despite the contributions these agents have 
had in practice, the benefits are accompanied 
with a significant burden to health care costs.3 

As patents of brand products expire, the same 
is true for biologic agents, which presents 
an opportunity for biosimilars to emerge in 
the market to alleviate high cost and create 
clinical momentum.  

Generic versus Biologics 
versus Biosimilars
The FDA defines a biologic product as “a 
virus, therapeutic serum, toxin, antitoxin, 
vaccine, blood, blood component or deriva-
tive, allergenic product, protein, or analogous 
product, or arsphenamine or derivative of 
arsphenamine applicable to the prevention, 
treatment, or cure of a disease or condi-
tion of human beings.”4 As most biologic 
products are proteins, the term “therapeutic 
protein products” has been used by the FDA 
for proposed products seeking biosimilarity 
approval.5 Essentially, biosimilars are prod-
ucts that must demonstrate structural, func-
tional, and comparable pharmacokinetic (PK) 
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and pharmacodynamic (PD) properties to the reference product or 
original biologic.6 This differs from a generic product considering 
that generic products are chemically derived and can demonstrate 
bioequivalence very easily. Generic products have the same active 
ingredient as the brand, synthesized chemically to exhibit a similar 
clinical performance in patients.7 The only varying attributes 
are the inactive ingredients. Comparably, biosimilars also have 
the same “active ingredient,” or biological substance; however, 
the production methods for biosimilars vary, resulting in more 
scrutiny for approval.  

The differences between chemical/generic and biologic/
biosimilar products are summarized in TABLE 1.8 Considering the 
size of biologics, they are typically large and complex in nature 
when compared with a chemical agent that has a low molecular 
weight and simpler structure. The largeness in size of biologic 
agents makes it difficult to fully characterize the agent in terms 
of its structural properties. This challenge can ultimately have 
an impact on the product’s PK and PD parameters. Furthermore, 
the manufacturing process of chemical agents is chemically 
engineered with predictable results. However, biologics require 
a specialized process that is subject to greater variability, as the 
living systems from which they are derived can be different. 
Lastly, biologic agents are likely to have a higher rate of 
immunogenicity compared with chemical agents, meaning that 
patients may exhibit an immune response to the drug, resulting 
in therapy failure.8 

Cost of Biosimilars 
Following the first biosimilar approval in 2015, many additional 
agents have since received approval, with several that are commer-
cially available. As cost is a major barrier for both the patient and 
health plan, the utilization of biosimilars could result in substan-
tial savings. In a large-employer case study of 392 patients using 
a biologic, it demonstrated that there could be a total employer 
savings between $838,000 and $2.8 million if the patient switched 
to a biosimilar.9 When considering that biologic agents accounted 
for nearly 40% of Medicare Part B spend in 2016, the cost savings 
from 100% biosimilar utilization is difficult to imagine with the 
current market landscape. Biosimilars will be covered under Medi-
care Part D like their original biologics, but it may take time for 
them to be accepted more in practice. In a study that evaluated 
close to 2600 Part D plans, coverage for biosimilar infliximab was 
just 10% compared with 96% of the reference product.10 When 
comparing the cost differences between biologics versus biosimi-
lars, there is an average savings of 10% to 37%, which is not 
significant considering that generic medications are 80% to 85% 
less expensive than the brands.11 

Requirements for Biosimilars
In addition to the clinical requirements for biosimilars to enter the 
market, the process for approval is time consuming and costly. The 
Food and Drug Administration (FDA) defines a biosimilar to be 
“highly similar to the reference product” without any differences 
regarding “clinical meaningfulness” from the reference product 
with respect to “safety, purity, and potency.”12 In other words, they 
cannot be identical in the manufacturing process or components 
applied to the original biologic agent. The general requirements 
for biosimilar characterization include the following13: 

•  The product must have the same mechanism of action  
to treat the same conditions as the reference product.

•  The product must have the same route of administration, 
dosage form, and strength as the reference product.

•  The product is manufactured, processed, or packaged  
in a facility that meets regulatory standards to establish that 
it is safe, pure, and potent. 

•  The product must demonstrate analytical studies to show it 
is “highly similar” to the reference product. 

•  The product must have animal studies that include 
assessment of toxicity. 

•  The product must have clinical studies to evaluate PK or PD 
parameters, including the assessment of immunogenicity in 
one or more of the conditions it is sought for licensure. 

Expanding Role of Biosimilars  
in Inflammatory Bowel Disease
It is difficult to say that there will be a paradigm shift with increased 
application of biosimilars, but there is immense potential with respect 
to the benefits specifically in certain conditions. Inflammatory bowel 
disease (IBD) has been an area of focus for biosimilars simply due 

TABLE 1. DIFFERENCES BETWEEN BIOLOGIC AND  
CHEMICAL PRODUCTS8

Characteristics Chemical/Generic Biologic/Biosimilar

Size Low molecular 
weight

High molecular 
weight

Structure Simple structure Complex structure

Production 
process

Standard Specialized

Manufacturing Chemically 
engineered

Produced through 
living cells

Purity  
and stability 

Stable Sensitive to storage 
and handling

Immunogenicity Low High

Characterization Easily defined Possible variability 
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to the high biologic utilization rate.14,15 Based on the disease state and 
clinical presentation, the treatment patterns may differ for both UC 
and CD, the 2 main forms of IBD. As the goal of treatment is to 
achieve and maintain clinical remission, there are many therapies 
that can be initiated, with surgery being the last resort if the therapies 
are deemed ineffective.16 A simplified way to consider therapy usage 
is shown in TABLE 217,18 based on disease severity. 

Based on treatment patterns in real-world use, there is a trend in 
the rising usage of biologics in IBD.15 The most common biologic 
agent used in UC was infliximab followed by adalimumab, while 
for CD it was adalimumab followed by infliximab.19 Both of these 
agents have biosimilars approved by the FDA, with infliximab 
biosimilars having commercial availability. Once they become 
more accepted in clinical practice, the indirect economic benefits 
could include significant medication savings, increased patient 
access, and reduction in the cost of illness.20  

FDA Regulatory Pathway
For a biologic to gain approval, a biologics license application 
(BLA), accompanied by significant clinical data, is required to be 
submitted. This process is expensive and lengthy to develop. To 
simplify these challenges, the Biologics Price Competition and 
Innovation Act of 2009 (BPCIA) was passed as part of the Afford-
able Care Act.21 The BPCIA allowed for an abbreviated licensure 
pathway for products that are shown to be biosimilar to their refer-
ence product. Ultimately, this allows existing data on the reference 

drug to be used to prevent duplicative effort and time on clinical 
resources.22 Although manufacturers can use the abbreviated 
pathway to submit their clinical data for approval, they can submit 
a full BLA instead. However, this can create a new type of non-
innovator product in addition to biosimilars and interchangeable 
biosimilars.13,23,24 For example, if a biosimilar is approved based on 
clinical and efficacy studies separate from the innovator product, 
the FDA considers this product to be neither a biosimilar nor inter-
changeable with the reference product. Accordingly, biologic prod-
ucts can be approved as an innovator product (BLA pathway), a 
biosimilar product (BCPIA pathway), or a non-innovator product.

Maintaining regulatory compliance is an important aspect to 
ensure biologic agents are safe and effective, and the same is valid 
for biosimilars. The requirements that the FDA has established 
for biosimilar approval are similar across other guidelines from 
the European Medicines Agency (EMA) and World Health Orga-
nization (WHO).23 The process incorporates a stepwise approach 
with the goals of “standalone” development and demonstration 
of biosimilarity.13 More specifically, the standalone goal requires 
verification that a product is safe and effective for the intended 
use through the clinical trial process. At the same time, the goal 
of biosimilarity is to prove that there is similarity between the 
reference product and the proposed product without independently 
establishing safety and effectiveness.13,25 Essentially, a head-to-
head comparison evaluating the PK and PD parameters between 
the reference product and the proposed biosimilar is performed.

STAR*

Compare and contrast biosimilar products compared 
with reference products.

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

Biosimilar Approval Process 
The regulatory pathway for biosimilar approval is more rigorous 
than the approval process for generic drugs. When a generic drug 
application is submitted to the FDA, the clinical considerations for 
approval are based on pharmaceutical equivalency, active ingre-
dient being the same and effective, inactive ingredients being safe, 
the product not breaking down over time, and the right amount of 
the active ingredient getting to the place in the body where it has 
effect.25 Approval of generic products can be accomplished through 
analytical testing rather than comparative clinical studies. As 
biosimilars are different from their innovator (reference) product, 
the FDA requires a “totality of the evidence” approach for data 
generation and evaluation of residual uncertainty.26 Totality of 

TABLE 2. SIMPLIFIED MANAGEMENT OF CROHN DISEASE  
AND ULCERATIVE COLITIS17,18 

Severity Ulcerative  
colitis treatment

Crohn  
disease treatment

Mild  
to moderate

Aminosalicylate (5-ASA); 
corticosteroids induction 
(after 5-ASA failure); 
addition of budesonide 
to patients not 
responding to 5-ASA  

Sulfasalazine; 
controlled 
ileal release 
budesonide 

Moderate  
to severe

Budesonide to induce 
remission; systemic 
corticosteroids to 
induce remission

Oral 
corticosteroids; 
thiopurines; 
methotrexate

Biologic 
Consideration 
Moderate to 
severe

Anti-TNF therapy 
using adalimumab, 
golimumab, or 
infliximab

Anti-TNF 
therapy using, 
adalimumab, 
certolizumab 
pegol, or 
infliximab; 
natalizumab; 
ustekinumab; 
vedolizumab
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evidence pertains to the drug development process, requiring all 
data produced to have the quantity and quality of evidence before 
it moves to the next stage. To accomplish this, a stepwise process is 
used to demonstrate biosimilarity and interchangeability.13 The first 
step is analytical studies to characterize the structure and function 
of the product, followed by animal testing, and then clinical studies.

If any differences are observed at a particular step, their potential 
impacts are evaluated before proceeding to the next phase of devel-
opment.13,24 For example, the analytic study results would provide 
insight into the animal study step, and then the results of both analytic 
and animal studies would provide information to design the PK and 
PD requirements in the next clinical step.10,25 A review of the pivotal 
priorities is shown in TABLE 313 comparing the process for a reference 
product versus a biosimilar. Many tests for the reference product 
are based on the clinical studies to demonstrate safety, purity, and 
potency. On the other hand, biosimilars require more tests to establish 
quality to ensure that there is biosimilarity to the reference product.13

As biologic agents may have multiple indications, the process 
of extrapolation streamlines biosimilar approval, avoiding unnec-
essary studies while reducing developmental costs.27 Extrapola-
tion allows the efficacy and safety data from one indication to 
be used for another if biosimilarity to the reference product has 
demonstrated adequate safety, efficacy, and immunogenicity. 
The clinical trial for adalimumab-atto (Amjevita) was originally 
submitted as a BLA with efficacy and safety studies in moderate 
to severe plaque psoriasis and moderate to severe rheumatoid 
arthritis.28 Upon approval, based on the evidence presented, 
extrapolation allowed adalimumab-atto to be expanded for the 
other indications including moderate to severe CD and UC.  

When a manufacturer submits their application for a biosimilar 
product, the data demonstrating biosimilarity must include analytical 
studies, animal studies, and clinical studies that are sufficient to 
establish the product’s safety, purity, and potency.29 Further data 
are also required showing that the biosimilar product produces the 
same clinical response as the reference product. Lastly, the data 
must demonstrate that interchanging between the reference product 
and the biosimilar does not impact clinical safety and effectiveness. 
Although these requirements outline what is necessary to be included 
in the application, the FDA reviews each biosimilar product individu-
ally to determine which components can be waived if appropriate.30,31

Naming Biosimilars
Once a biosimilar is out on the market, it is important to distinguish 
it from the reference product. This has been a complex challenge 
since the first biosimilar came to market. The WHO has tradition-
ally maintained the responsibility for providing nonproprietary 
names for the unique active ingredients of drugs. Biologic agents 

are named based on schemes that include cell therapies, gene 
therapies, or monoclonal antibodies.32 The arrival of biosimilars 
required a change in the nonproprietary naming process as they are 
not interchangeable with the reference product despite being highly 
similar. The most recent guidance published by the FDA states that 
all biologics and their biosimilars will share the core name of the 
reference product. This is the nonproprietary name in which the 
reference product was first approved (eg, adalimumab, infliximab). 
To distinguish each new biologic and biosimilar, a 4-letter suffix 
that is devoid of meaning will be attached to the nonproprietary 
name.33 TABLE 434 lists the biosimilars of tumor necrosis factor-alpha 
(TNF-α) biologics with their proprietary names and approval dates. 

When the United States adopted the WHO recommendation for 
biosimilar nomenclature in 2017, additional requirements were incor-
porated to ensure the safety of future products. Besides suffixes having 

TABLE 3. FOCUS AREAS OF PRODUCT DEVELOPMENT BETWEEN 
BIOSIMILAR AND REFERENCE PRODUCT13

Priority  
and focus

Biosimilar product Reference 
product

High Analytical studies Clinical studies 

Medium to high Nonclinical studies Clinical 
pharmacology

Medium to low Clinical pharmacology Nonclinical 
studies 

Low Clinical studies Analytical studies

TABLE 4. FDA-APPROVED BIOSIMILAR TNF-α AGENTS34

Reference 
product

Biosimilar  
(brand name)

Approval by FDA

Adalimumab Adalimumab-atto 
(Amjevita)

September 2016

Adalimumab-adbm 
(Cyltezo)

August 2017

Adalimumab-adaz 
(Hyrimoz)

October 2018

Adalimumab-bwwd 
(Hadlima)

July 2019

Adalimumab-afzb 
(Abrilada)

November 2019

Adalimumab-fkjp 
(Hulio)

July 2020

Infliximab Infliximab-dyyb 
(Inflectra)

April 2016

Infliximab-abda 
(Renflexis)

April 2017

Infliximab-qbtx (Ixifi) December 2017

Infliximab-axxq (Avsola) December 2019
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4 distinct lowercase letters, they should also prevent confusion from 
currently marketed products that could lead to a potential medica-
tion error. These new characteristics posed a challenge to previously 
marketed products as they would not satisfy the new conditions for 
nomenclature. As a result, the FDA updated their guidance to reflect that 
suffix constraints would only be applied to new originator biologics.33 

Interchangeability
Once biosimilar agents are made commercially available, there is 
a question of interchangeability status. In 2019, the FDA published 
their guidance required for biosimilar interchangeability, expanding 
their need for additional analytical data for substitution consider-
ation.35 Like generic products, an interchangeable biosimilar product 
qualifies as pharmacy level substitution, meaning that health care 
provider intervention would not be necessary.36 A pharmacist would 
be allowed to interchange from the reference product to an inter-
changeable biosimilar as appropriate under state pharmacy laws. 
The main reason the new interchangeability clause was introduced is 
due to the variable structure of biologic products. Generic products 
can qualify to be substituted because the composition of the product 
is not expected to change. The same is not true for biosimilar and 
biologic products due to the variability that is involved when living 
cells are used to manufacture it. However, the additional data for 
interchangeability status help ameliorate the safety concerns when 
switching agents.35,36 This is not to say that biosimilars that do not 
have interchangeability status are inferior. It means that the reference 
product and the biosimilar can be switched without any additional 
risk based on FDA’s determination. The Purple Book, a searchable 
online database, gives insight on biological products, biosimilar 
products, and biologic products with interchangeability status.37  

One of the biggest wins in the biosimilar landscape was the recent 
approval of the first interchangeable biosimilar insulin product, insulin 
glargine-yfgn (Semglee), the equivalent of insulin glargine (Lantus).38 
As a long-acting human insulin analog, the product helps with glycemic 
control in adults and pediatric patients with type 1 and type 2 diabetes. 
Insulin glargine-yfgn also enters the market with a reduced price tag 
that is 65% less expensive than insulin glargine, allowing patients to 
have more affordable access.39 Also, a unique attribute to achieving 
interchangeability status is that the FDA provides 12-month product 
exclusivity before another interchangeable biosimilar is approved for 
that reference product.40 Hopefully, insulin glargine-yfgn can pave the 
way for future biosimilars to attain interchangeability status. 

Considerations When Switching  
From Biologics to Biosimilars
To demonstrate interchangeability for a therapy switch, the FDA 
requires data from a switching study with multiple switches between 

the reference and biosimilar product. This is to ascertain the poten-
tial negative outcomes such as reduced efficacy and worsening of 
adverse effects.41 If a biosimilar product is interchangeable and there 
are opportunities for multiple switching, pharmacovigilance param-
eters present an exceptional challenge. With varying devices that are 
unique to their manufacturer’s standards, the differences in formula-
tion, dosage, and patient support programs should be considered.41,42 
Clinical experts tend to err on the side of caution when switching 
and would recommend consent from both the provider and patient 
before a change. Further clinical concerns include treatment failure 
and immunogenicity warranting closer review.  

Immunogenicity 
Immunogenicity can result in the lack of efficacy of a product 
and even cause adverse effects to manifest. As this was a concern 
when biologic products were first introduced, it is a larger problem 
with biosimilars, especially considering switches. If a patient is 
clinically stable on a reference product and then introduced to a 
biosimilar, there is a concern that their tolerance to the therapy may 
waiver.14 From an overall patient perspective, it is an important 
aspect to consider. If that product is the sole treatment for a chronic 
or life-threatening condition and a biosimilar switch resulted in 
immunogenicity, the long-term risk for that patient just increased. 
If there are multiple biosimilar switches, the immune system may 
start seeing contrasting products as a virus, resulting in an immune 
response.43 It is important that clinical trials are designed to eval-
uate immunogenicity thoroughly. NOR-SWITCH was one of the 
more well-known biosimilar trials to study this.

NOR-SWITCH Study
The biggest challenge with respect to switching therapies is the lack 
of data. Recently, the NOR-SWITCH study gained a lot of atten-
tion when it evaluated patients on infliximab (reference product) 
and randomized switches between the infliximab biosimilar and the 
reference product. As the study was a one-way switch, there were 
problems with addressing concerns of immunogenicity and anti-
body formation as reswitching did not occur (reference product to 
biosimilar then back to reference product). Another added concern 
was that the study evaluated various conditions (rheumatoid 
arthritis, psoriasis, IBD, etc).14 The resulting mixed patient popu-
lation made it challenging to interpret the outcomes readily as it 
was not adequately powered. A large subset of patients with IBD 
(155 patients with CD and 93 patients with UC) were evaluated 
using the Harvey-Bradshaw Index (CD) and Mayo score (UC). 
Initially, there was a concern when patients with CD appeared to 
have better outcomes with the reference product with early data.44,45 
However, at the end of the study, the biosimilar was proven to be 
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noninferior to the reference product despite the concern of the study 
not being large enough.

STAR

Which biologics used for IBD have FDA-approved biosimilars?

Clinical Use of Biologics and Biosimilars in IBD
Since the approval of infliximab, the first biologic used for IBD, 
there has been a significant increase in the number of new biologics 
entering the market with varying mechanisms of action. Although 
most biologic therapies used in IBD are TNF-α inhibitors, there 
are also cell adhesion molecules, interleukin inhibitors, and inte-
grin inhibitors. TABLE 546-52 lists each biologic with and without 
biosimilars that are FDA approved for UC and/or CD with their 
corresponding dosing. Usage of these agents has also expanded 
to pediatric indications for both adalimumab and infliximab, 
which presents a unique case for treating patients with biosimi-
lars in that population. Additionally, the efficacy results from the 
original biologic trials are shown in TABLE 652-60 with respect to 
efficacy and safety.

Focusing only on the biosimilars approved for IBD (adalim-
umab and infliximab), clinical studies have established their 
safe and effective use. However there has not been enough 
data exploring multiple biosimilar switches (eg, switching from 
biosimilar to reference product or switching from one biosimilar 
to an interchangeable biosimilar).61 Traditional one-way switch 
trials have been conducted to establish noninferiority between the 
reference product and the biosimilar in review. However, further 
clinical studies are necessary to evaluate the degree of biosimilar 
switching that is clinically appropriate regarding immunogenicity. 

FDA-Approved IBD Biosimilars 
Both infliximab and adalimumab biosimilars have had suffi-
cient clinical trials in IBD to demonstrate their usage. Compiled 
data from clinical studies have demonstrated a pooled estimate 
of overall efficacy of infliximab’s biosimilar to be 83.5% at 24 
weeks.61,62 However, analytical concerns with respect to sample 
size and randomization in the studies put a limitation on their 
overall relevance in practice. Immunogenicity is another worry 
considering that antibodies from the reference product could 
cross-react with the biosimilar, resulting in reduced efficacy and 

TABLE 5. BIOLOGIC AND BIOSIMILAR AGENTS INDICATED FOR THE MANAGEMENT OF IBD46-52

Drug name Mechanism of action Adult indication Pediatric indication Dosing
Adalimumab
-atto (Amjevita)
-adbm (Cyltezo)
-adaz (Hyrimoz)
-bwwd (Hadlima)
-afzd (Abrilada)
-fkjp (Hulio)

TNF-α inhibitor UC + CD CD CD + UC: 160 mg SC on day 1, followed by 80 
mg 2 weeks later (day 15). Two weeks later 
(day 29), 40 mg every other week 

Pediatric CD: 6 years or older are dosed 
based on body weight
  •  Patients weighing 17-40 kg → day 1: 80 mg 

SC, day 15: 40 mg, day 29: 20 mg every 
other week 

  •  Patients weighing greater than 40 kg→ 
day 1: 160 mg SC, day 15: 80 mg, day 29: 
40 mg every other week

Certolizumab TNF-α inhibitor CD Not approved CD: 400 mg SC initially, and at weeks 2 and 
4. Maintenance: 400 mg every 4 weeks

Infliximab
-dyyb (Inflectra)
-abda (Renflexis)
-qbtx (lxifi)
-axxq (Avsola)

TNF-α inhibitor UC + CD UC + CD CD + UC: 5 mg/kg IV induction at 0, 2, and 6 
weeks followed by maintenance of 5 mg/kg 
every 8 weeks 

Pediatric CD + UC: 6 years of age or older: 
5 mg/kg IV induction at 0 ,2, and 6 weeks 
maintenance of 5 mg/kg every 8 weeks 
followed by maintenance of 5 mg/kg every  
8 weeks 

Golimumab TNF-α inhibitor UC None UC: 200 mg SC at week 0, 100 mg at week 
2, and maintenance of 5 mg/kg every 8 
weeks: 100 mg every 4 weeks

Natalizumab CAM-α integrin inhibitor CD None CD: 300 mg IV infusion every 4 weeks
Ustekinumab IL-12 and IL-23 inhibitor CD None UC + CD: Initial dose varies based on weight 

(260-520 mg) IV infusion; maintenance dose: 
SC 90 mg every 8 weeks after initial IV dose, 
then every 8 weeks afterward

Vedolizumab α4ß integrin inhibitor UC + CD None UC + CD: 300 mg IV infusion at week 0, 2, 
and 6 weeks, then every 8 weeks afterward

CAM, cell adhesion molecule; CD, Crohn disease; IBD, inflammatory bowel disease; IL, interleukin; UC, ulcerative colitis.
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adverse effects. Finally, the risk of relapse has yet to be proven 
with infliximab or adalimumab biosimilars as these agents have 
similar safety and efficacy profiles to their reference product.60 

Use of Biosimilars in Pediatric Patients 
With IBD
There are currently 3 biosimilars approved for the pediatric 
population for CD and UC: infliximab-axxq, infliximab-dyyb, 
and infliximab-abda.61 Infliximab-qbtx is just approved for pedi-
atric CD and not pediatric UC. Current studies are evaluating 

the use of the infliximab biosimilar only, and to date, there are 
no clinical studies examining adalimumab biosimilar as an 
option in pediatric IBD. A reason why limited studies are being 
conducted could be attributed to interchangeability and nonmed-
ical switching. Nonmedical switching is defined as switching of 
patients in remission from a prescribed drug to another drug of 
equal equivalence.61 For example, if the prescriber writes for 
biosimilar infliximab, the patient’s insurance may decide which 
biosimilar is covered to dispense. This also brings up concerns 
of immunogenicity and there has been incredible pushback 

TABLE 6.THE SAFETY AND EFFICACY OF BIOLOGICS FDA APPROVED FOR THE MANAGEMENT OF IBD52-60

Drug name Indication Trial name  
(n = population)

Efficacy (significance) Common ADEs Boxed warnings

Adalimumaba CD CHARM  
(n = 854)

Patients in remission at 56 weeks: 
36% adalimumab 40-mg group vs 
12% placebo (P <.001)

Upper respiratory 
infection, sinusitis, 
headache, rash

•  Discontinue if patient 
develops serious infection 
(TB, bacterial, fungal, etc) 
or sepsis

•  Risk of malignancy 
(lymphoma)

UC ULTRA 2  
(n = 248)

Patients in remission at 52 weeks: 
17% adalimumab 40-mg group vs 
9% placebo (P <.004)

Certolizumab CD PRECISE 2  
(n = 428)

Patients in remission at 26 weeks: 
48% in infliximab 5-mg group vs 
29% placebo (P <.001)

Upper respiratory 
infection, urinary tract 
infections, arthralgia

•  Discontinue if patient 
develops serious infection 
(TB, bacterial, fungal, etc) 
or sepsis

•  Risk of malignancy 
(lymphoma)

Infliximaba CD ACCENT 1 
(n = 573)

Patients in remission at 30 weeks: 
21% of patients in group 1, 39% of 
patients in group 2 (P = .003), 45% 
of patients in group 3 (P = .0002)

Group 1 = placebo
Group 2 = 5 mg/kg infliximab infusion
Group 2 = 5 mg/kg + 10 mg/kg 
infliximab infusion

Infusion-related 
reaction, upper 
respiratory infection, 
headache, sinusitis, 
diarrhea, abdominal 
pain, pharyngitis, cough

•  Discontinue if patient 
develops serious infection 
(TB, bacterial, fungal, etc) 
or sepsis

•  Risk of malignancy 
(lymphoma)

UC ACT 1  
(n = 306)

Patients in remission at 54 weeks: 
34.7% in infliximab 5-mg group vs 
20% placebo (P <.001)

Golimumab UC PURSUIT  
(n = 464)

Patients in remission at 30-54 
weeks: 23.2% in 50-mg group, 27.8% 
in 100-mg group, vs 15.6% placebo 
(P = .004)

Upper respiratory 
infection, injection  
site reactions

•  Discontinue if patient 
develops serious infection 
(TB, bacterial, fungal, etc) 
or sepsis

•  Risk of malignancy 
(lymphoma)

Natalizumab CD ENCORE  
(n = 509)

Patients in remission at 12 weeks: 
38% natalizumab 300-mg group vs 
25% in placebo (P = .001)

Headache, fatigue, 
arthralgia, urinary 
tract infection, lower 
respiratory tract 
infection, gastroenteritis, 
depression, pain in 
extremities, abdominal 
discomfort, rash

•  Risk of progressive 
multifocal 
leukoencephalopathy

Ustekinumab CD IM-UNITI Patients in remission at 44 weeks: 
53.1% in q8wk group (P = .005), 
48.8% in q12wk group, vs 35.9% 
placebo (P = .04)

Nasopharyngitis, 
upper respiratory tract 
infection, headache, 
fatigue, diarrhea

No boxed warnings

Vedolizumab UC GEMINI 1 (n = 373) Patients in remission at 52 weeks: 
41.2% in q8wk group, 44.8% in q4wk 
group, vs 15.9% placebo (P <.001)

Nasopharyngitis, 
headache, arthralgia, 
nausea, pyrexia, upper 
respiratory tract 
infection

No boxed warnings

CD GEMINI 2  
(n = 461)

Patients in remission at 52 weeks: 
39% in q8wk group, 36.4% in q4wk 
group, vs 21.6% placebo (P <.001)

ADE, adverse drug effect; CD, Crohn disease; TB, tuberculosis; UC, ulcerative colitis.
aBiologic has FDA-approved biosimilars.
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from medical societies over the lack of long-term data in this 
patient population. 

Utilizing Biosimilars for IBD Treatment 
The biggest factor that determines how to use biosimilars effectively 
in practice relies on when utilization should be considered. Two 
clinical scenarios for switching biosimilar agents include nonmed-
ical switching (changing the product when a patient is in remission) 
and switching when a patient is in the active phase of the disease.34 

With respect to nonmedical switching for patients with IBD, 
data from a German trial revealed patients on infliximab biosimilar 
achieved remission for 3 to 6 months.34,63 Despite this, there was still 
evidence of worsening of disease in the CD population compared 
with UC. The NOR-SWITCH study was the only other trial that 
explored IBD among other expanded indications.14,38 However, 
unlike the German trial, there was not detailed safety data avail-
able as it only reviewed patient-reported adverse effects. Another 
study took it a step further to understand what could happen if 
patients switched back to the reference product from an originally 
initiated biosimilar. In that trial, of the 174 patients with IBD who 
switched back to the reference product, there were no significant 
changes in their remission status.14,64 Furthermore, a systematic 
review suggests that switching from infliximab (reference product) 
to infliximab biosimilar is safe and effective without concern of 
immunogenicity. Limitations in data and sample size still put a 
caution for definitive clinical applicability in practice.64,65 

The second scenario explores the use of a biosimilar given 
that a patient is naïve to biologic therapy, and the patient has 
active disease. That scenario was tested in the clinical trial that 
evaluated the efficacy between infliximab-dyyb and the reference 
product.14,66 The results demonstrated noninferiority, suggesting 
a biosimilar could be prescribed over the reference product. 
However, the trial was not adequately powered to demonstrate 
statistical difference among the investigated treatment groups. 
Infliximab-dyyb was further reviewed in a French multicenter 
cohort study to understand the impact of surgery, death, hospital-
ization, and therapy change.14,67 Even though there were not any 
differences observed, treatment duration being longer in the refer-
ence product group may have favored the results for the biosimilar. 

Biosimilar Combination Therapy 
Biologics have been used with other agents in combination and 
not just monotherapy, which begs the question, is the same true 
for newly approved biosimilars? Clinical studies for adalimumab 
biosimilars with methotrexate combination therapy have demon-
strated comparable safety and efficacy profiles in the rheumatoid 
arthritis population.68 On the other hand, there have not been 

adequate clinical studies performed to evaluate the clinical appro-
priateness of combination therapy with biosimilars for patients with 
IBD.14 This could be due to safety concerns considering the history 
of biologic and immunosuppressive agent combination. During the 
clinical trials of the original biologic agents, there was a reluctance 
to using thiopurines with the biologic due to the risk of lymphoma. 
That view has since changed when the SONIC trial demonstrated 
superior clinical outcomes for combination therapy. Not only do 
thiopurines improve the clinical outcomes for the patient (fewer 
anti-infliximab antibodies), but they also improve PK values of 
infliximab (higher biologic drug levels).69 Just one clinical study 
has evaluated the usage of biosimilars with thiopurines for IBD. 
The results of this study favor combination therapy with respect to 
efficacy, but all-related clinical activity, endoscopic data, and anti-
drug antibodies were not evaluated.14

STAR

What are the key counseling points for IBD biosimilars?

The Role of the Pharmacist
The clinical impact of biosimilars in current practice has yet to 
be seen in the United States, at least on a large scale. However, 
in Europe, where biosimilars have been in practice for 15 years, 
the long experience and surplus clinical evidence have substanti-
ated biosimilar acceptance.70 Although it is difficult to estimate 
the potential implications of biosimilars in the United States, 
European practices with biosimilars can give some insight on how 
the US should move forward. To ensure that patients and physi-
cians have awareness of biosimilars, educational initiatives about 
biosimilars can help close any gap of uncertainty through effec-
tive communication. Although the FDA has been at the forefront 
of the educational campaign, it is also imperative that the flow 
of information crosses between one provider to the next and one 
patient to another. The acceptance of biosimilars in the market will 
then help garner confidence in therapeutic switches from reference 
biologic to a biosimilar.47 

Outside of spreading education, larger regulatory changes could 
also bring more awareness and use of biosimilars. For example, 
some European countries such as France and the United Kingdom 
have established 80% biosimilar utilization targets, with provider 
incentives and patient programs to share biosimilar benefits.70 
Although the FDA started efforts to support the use of more biosim-
ilars, there are still barriers, especially when it comes to formu-
lary access. Removing regulatory hurdles with regard to therapy 
competition is one step to help patients obtain access to biosimilars. 
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Additionally, rebate and brand gamesmanship should not prevent 
patients to access lower-priced biosimilars when compared with the 
original biologic. Pharmacists can help in this process by aligning 
payer and provider education with respect to safety and efficacy 
of biosimilar use.  

Outside of encouraging education and achieving public accep-
tance of biosimilars, there will still be challenges in clinical 
practice when a biosimilar is discussed for a patient. Therefore, 
it is important to evaluate the clinical parameters and ensure any 
major concerns are resolved. With respect to biosimilar use in 
IBD, here are some key issues for pharmacists to keep in mind:

Interchangeability 
Use the Purple Book to verify that the product has interchange-
able status.37 If not, contact the provider and the patient to ensure 
alignment before dispensing. Also keep accordance with state 
laws for interchangeable use as it varies from state to state. 

Pediatric Population
Only 3 biosimilar products (infliximab-axxq, infliximab-dyyb, 
and infliximab-abda) are approved for the pediatric population for 
both CD and UC.61 Infliximab-qbtx is just approved for pediatric 
CD, and not pediatric UC. Biosimilar adalimumab is not currently 
approved for pediatric use, and there are no ongoing clinical trials 
being studied. Carefully review which products are approved for 
the prescribed indication and if necessary, verify with the provider 
and patient if the indication is not made clear.

Nonmedical Switching
Review the patient’s clinical status with the provider to confirm that 
the patient is in remission. Clinical studies for nonmedical biosim-
ilar switching have demonstrated positive results with respect to 
safety and efficacy.34 Regarding concerns with immunogenicity, 
ensure patients are examining their clinical response to therapy. 

Combination Therapy
Clinical studies are lacking to support their use. However, 
combination therapy has been studied in other disease states (ie, 
rheumatoid arthritis). Additional clinical data are necessary to 
evaluate all related clinical activity, endoscopic data, and anti-
drug antibodies.34,69 If the biosimilar is written for combination 
therapy, discuss clinical concerns with the provider. 

Pharmacovigilance
Due to the variability of biosimilar products, review the param-
eters for reporting as each biosimilar is unique with differing 
manufacturer requirements.

Patient Education
Ensure patients are properly educated about the biosimilar product 
that they are receiving. Patients must be told that they are receiving 
a biosimilar and not the reference product. It is important to educate 
the patient on the biosimilar product even if they have received the 
reference product in the past. Educating and counseling patients on 
biologics and their biosimilars is important to ensure they have a 
good understanding of their therapy, administration, clinical adverse 
effects, and patient monitoring. In addition to reviewing the stan-
dard monitoring requirements of the product with the patient, make 
sure they are also examining their clinical response to therapy. 

Administration and adverse effects are going to be the main 
concerns for patients when starting any new therapy. Adalimumab 
and its biosimilars are administered as a subcutaneous injection 
every 2 weeks. When going over administration of subcutaneous 
injections, it is important patients are following the instructions 
of the device or syringe that contains the product. Additionally, 
patients should be counseled to keep their adalimumab stored in 
refrigerator when the device is not being used and can be left at 
room temperature for a maximum of 14 days. Patients should 
also be trained on the basics of administering their subcutaneous 
injection. This includes cleaning the injection site, allowing the 
medication to warm to room temperature or be removed from 
the refrigerator 15 to 30 minutes prior to injecting, and rotating 
the injection sites between the abdomen and thigh to prevent 
scarring.46 Infliximab and its biosimilars are administered via 
an infusion provided by a professional at the patient’s home, 
doctor’s office, or a medical clinic. These infusions last at least 
2 hours and are given every 8 weeks.48 Regardless of how the 
biologic is administered, adverse effects may occur, and it is 
important patients be informed on how to manage them. 

The most common adverse effects of biologic therapies 
are risk of infections, injection site reactions (bruising, rash, 
redness, and swelling), and in the case of biologic infusions, 
infusion-related reactions. Since biologics target the immune 
pathway, there is a risk that patients might be at risk of infec-
tions. Therefore, before any biologic or biosimilar is adminis-
tered, it is important patients have a negative tuberculosis test 
and complete any live vaccines prior to therapy to avoid any 
further risk of infection. Most of the infections seen with adali-
mumab and infliximab are upper respiratory tract infections and 
on occasion, urinary tract infections. Patients should be referred 
to their provider if they are experiencing any signs and symp-
toms of infections including fever, chills, sweats, and cough.71 

In order to prevent or reduce injection site reactions, icing the 
area of the injection site before and after the injection can help. 
It is important to avoid injecting into skin that has any sunburn, 
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rash, or infection. Cold packs can help with swelling and itching, 
and over-the-counter pain medications can help reduce pain 
and inflammation. Usually, injection site reactions are mild and 
resolve on their own. However, if the symptoms still persist or 
there is presence of severe itching, skin rash, or hives, it is impor-
tant patients seek medical help immediately.71 

Lastly, with respect to infusion-related reactions (adverse effects 
in response to the infusion of the biologic), patients can present 
with varying symptoms. These include headache, nausea, fever or 
chills, pruritus, or chest or back pain. They are typically present 
in proximity with the timing of the infusion and not related to 
anaphylaxis and hypersensitivity. Usually therapy interruption is 
not required, but antihistamines, nonsteroidal anti-inflammatory 
drugs, and IV fluids may be initiated to help mitigate the reaction.71

Patient Concerns
Patients may be hesitant when switching from their biologic therapy 
to a biosimilar. It is crucial as a pharmacist to counsel patients on the 
similarities that the two share. The biologic and biosimilar product 
share similar safety, efficacy, mechanism of action, and much more. A 
full description of these similarities can be seen in TABLE 7.72 Appro-
priate education on biologics and biosimilars can ensure the patient 
feels more confident and comfortable with their therapy switch.

Conclusion
The journey of attaining biosimilar approval in the United States has 
been muddied with regulatory challenges but pivotal changes have 
been made to expedite the process. Although the BPCIA streamlined 
the requirements needed for biosimilar approval, additional studies 
are still required for these agents to be considered interchangeable. 
One-way switches (reference product to biosimilar) dominate what is 
in clinical trials, but multiple switch studies are necessary to establish 
stronger evidence for switching between biosimilars. Current support 
for biosimilar use in IBD is still limited to adalimumab and infliximab 
as the other biologic products have not been thoroughly evaluated in 
biosimilar trials. The clinical application of both agents needs to be 
reviewed carefully based on individual patient considerations such 
as remission status and clinical response. It is also important to use 
tools such as the Purple Book and abide by state laws with respect 
to interchangeability. Finally, educate patients about biosimilars and 
communicate with the provider if there are any clinical concerns. As 
more patients start biologic treatment and more biosimilars become 
commercially available, there will be a push to increase their utili-
zation in practice. Once the biosimilar regulatory pathway evolves 
for awareness, education, and incentivization to take root, it could 
only be a matter of time before these agents bloom to reach the same 
standing as generics. 

This portion of the activity is unique and interactive, as it simulates real-life patient cases that 
highlight how to appropriately answer questions that patients may have regarding biosimilars and 

biologics. Access the simulation at www.pharmacytimes.org/IBD.

Interactive Patient Case Simulation

ADDITIONAL RESOURCES

Crohn’s and Colitis 
Foundation

Crohnscolitisfoundation.org 

FDA Purple Book www.fda.gov/drugs/therapeutic-
biologics-applications-bla/
purple-book-lists-licensed-
biological-products-reference-product-
exclusivity-and-biosimilarity-or

IBD Support 
Foundation

Ibdsf.org 

TABLE 7. SUMMARY OF THE BIOLOGIC AND BIOSIMILAR 
SIMILARITY72

Biosimilar topic Response
Biosimilars and 
generics 

Biosimilars are not the same as generics. 
Biologics and biosimilars are made by living 
organisms using a complicated process. As a 
result, unlike generics which are created using 
a chemical process, biosimilars would not be 
exactly the same as their original biologic. 

Safety and efficacy Biosimilars are just as safe and efficacious 
as the original biologic. The FDA has high 
standards to test the biosimilars including 
analytical, animal, and clinical studies. 

Mechanism of 
action

Works the same way as the original biologic

Interactions and 
adverse effects

Same interactions with other drugs, potential 
adverse effects, and warnings as the original 
biologic 

Administration Taken the same way with same dose and 
dosing schedule as the original biologic 

Cost of therapy Savings would not be immediately passed to 
patients in the form of co-pays, deductibles, 
or premiums like generic drugs. Savings will 
be seen to health care systems like Medicare, 
Medicaid, or insurance companies.  

Naming Biosimilars are named in a way that 
documents its original biologic, followed by a 
4-letter suffix.

Interchangeability The biosimilar can be substituted for original 
biologic by the pharmacy without the provider 
being informed. However, biosimilars used for 
IBD do not yet have interchangeability status.   



76 PHARMACYTIMES.ORG
NOVEMBER  2021

REFERENCES 

1. Kinch MS. An overview of FDA-approved biologics medicines. Drug Discov Today. 

2015;20(4):393-398. doi:10.1016/j.drudis.2014.09.003

2. Biosimilars. US Food and Drug Administration. Updated July 28, 2021. Accessed September 6, 

2021. www.fda.gov/drugs/therapeutic-biologics-applications-bla/biosimilars 

3. Farhat F, Torres A, Park W, et al. The concept of biosimilars: from characterization to evolution−a 

narrative review. Oncologist. 2018;23(3):346-352. doi:10.1634/theoncologist.2017-0126

4. CFR - Code of Federal Regulations Title 21. Accessdata.fda.gov. Updated November 10, 2020. 

Accessed September 7, 2021. www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=600.3 

5. Development of therapeutic protein biosimilars: comparative analytical assessment and other 

quality-related considerations: guidance for industry. FDA.gov. May 2019. Accessed September 7, 

2021. www.fda.gov/media/125484/download 

6. Chan JC, Chan AT. Biologics and biosimilars: what, why and how? ESMO Open. 

2017;2(1):e000180. doi:10.1136/esmoopen-2017-000180

7. van de Vooren K, Curto A, Garattini L. Biosimilar versus generic drugs: same but different? Appl 

Health Econ Health Policy. 2015;13(2):125-127. doi:10.1007/s40258-015-0154-9

8. Makurvet FD. Biologics vs. small molecules: drug costs and patient access. Med Drug Discov. 

2021;9:100075. doi:10.1016/j.medidd.2020.100075

9. Brill A, Robinson C. Biosimilar savings opportunities in the medical benefit: a large-employer 

case study. Boehringer Ingelheim. August 2019. Accessed September 6, 2021. www.boehringer-

ingelheim.us/sites/us/files/files/biosimilar-savings-opportunities-in-the-medical-benefit.pdf 

10. Zhai MZ, Sarpatwari A, Kesselheim AS. Why are biosimilars not living up to their promise in the 

US? AMA J Ethics. 2019;21(8):E668-E678. doi:10.1001/amajethics.2019.668

11. Chase L. A guide to biosimilar prices: how much they cost and how you can 

save. GoodRx. April 14, 2020. Accessed September 6, 2021. www.goodrx.com/blog/

biosimilars-prices-how-much-they-cost-how-to-save/ 

12. Lucio S. The complexities of biosimilars and the regulatory approval process. Am J Manag Care. 

2018;24(11):-S0. www.ajmc.com/view/complexities-biosimilars-regulatory-approval-process

13. Christl L. FDA’s overview of the regulatory guidance for the development and approval of 

biosimilar products in the US. FDA.gov. Published 2021. Accessed September 6, 2021. www.

fda.gov/files/drugs/published/FDA%E2%80%99s-Overview-of-the-Regulatory-Guidance-for-the-

Development-and-Approval-of-Biosimilar-Products-in-the-US.pdf

14. Feagan B. Benefits, concerns, and future directions of biosimilars in inflammatory bowel disease. 

Gastroenterol Hepatol (N Y). 2017;13(12):745-747.

15. Yu H, MacIsaac D, Wong JJ, et al. Market share and costs of biologic therapies for inflammatory 

bowel disease in the USA. Aliment Pharmacol Ther. 2018;47(3):364-370. doi:10.1111/apt.14430

16. Brady JE, Stott-Miller M, Mu G, Perera S. Treatment patterns and sequencing in patients 

with inflammatory bowel disease. Clin Ther. 2018;40(9):1509-1521.e5. doi:10.1016/j.

clinthera.2018.07.013

17. Lichtenstein GR, Loftus EV, Isaacs KL, Regueiro M, Gerson LB, Sands BE. ACG clinical 

guideline: management of Crohn’s disease in adults. Am J Gastroenterol. 2018;113(4):481-517. 

doi:10.1038/ajg.2018.27

18. Rubin DT, Ananthakrishnan AN, Siegel CA, Sauer BG, Long MD. ACG clinical guide-

line: ulcerative colitis in adults. Am J Gastroenterol. 2019;114(3):384-413. doi:10.14309/

ajg.0000000000000152

19. Perera S, Yang S, Stott-Miller M, Brady J. Analysis of healthcare resource utilization and costs 

after the initiation of biologic treatment in patients with ulcerative colitis and Crohn’s disease.  

J Health Econ Outcomes Res. 2018;6(1):96-112. doi:10.36469/9791

20. Kim H, Alten R, Avedano L et al. The future of biosimilars: maximizing benefits across immune-

mediated inflammatory diseases. Drugs. 2020;80(2):99-113. doi:10.1007/s40265-020-01256-5

21. Rumore MM, Vogenberg FR. Biosimilars: still not quite ready for prime time.  

P T. 2016;41(6):366-375.

22. Implementation of the Biologics Price Competition and Innovation Act of 2009. FDA. Updated February 

12, 2016. Accessed September 6, 2021. www.fda.gov/drugs/guidance-compliance-regulatory-information/

implementation-biologics-price-competition-and-innovation-act-2009  

23. Kabir ER, Moreino SS, Sharif Siam MK. The breakthrough of biosimilars: a twist in the narrative 

of biological therapy. Biomolecules. 2019;9(9):410. doi:10.3390/biom9090410

24. Questions over US biosimilars pathway in light of Teva’s BLA. Generics and Biosimilar 

Initiative. May 20, 2011. Accessed October 15, 2021. www.gabionline.net/biosimilars/general/

Questions-over-US-biosimilars-pathway-in-light-of-Teva-s-BLA

25. What is the approval process for generic drugs? FDA. August 31, 2017. Accessed September 6, 

2021. www.fda.gov/drugs/generic-drugs/what-approval-process-generic-drugs 

26. Sherman RE, Davies KM, Robb MA, Hunter NL, Califf RM. Accelerating development of scien-

tific evidence for medical products within the existing US regulatory framework. Nature Reviews 

Drug Discovery. February 24, 2017. Accessed October 15, 2021. www.fda.gov/files/science%20

&%20research/published/Accelerating-development-of-scientific-evidence-for-medical-products-

within-the-existing-US-regulatory-framework.pdf

27. Tesser JR, Furst DE, Jacobs I. Biosimilars and the extrapolation of indications for inflammatory 

conditions. Biologics. 2017;11:5-11. doi:10.2147/BTT.S124476

28. FDA approves Amjevita, a biosimilar to Humira. FDA. September 23, 2016. Accessed September 

7, 2021. www.fda.gov/news-events/press-announcements/fda-approves-amjevita-biosimilar-humira

29. Christl L, Deisseroth A. Development and approval of biosimilar products. The ASCO Post. 

Published March 25, 2015. Accessed September 6, 2021. ascopost.com/issues/march-25-2015/ 

development-and-approval-of-biosimilar-products/

30. Biosimilar development, review, and approval. FDA. October 20, 2017. Accessed September 6, 

2021. www.fda.gov/drugs/biosimilars/biosimilar-development-review-and-approval 

31. Hung A, Vu Q, Mostovoy L. A systematic review of U.S. biosimilar approvals: what evidence 

does the FDA require and how are manufacturers responding? J Manag Care Spec Pharm. 

2017;23(12):1234-1244. doi:10.18553/jmcp.2017.23.12.1234

32. World Health Organization. Guidance on the use of international nonproprietary names (INNs) 

for pharmaceutical substances. 2017. Accessed October 22, 2021. who.int/medicines/services/inn/

FINAL_WHO_PHARM_S_NOM_1570_web.pdf

33. Globus NJ. Alphabet soup: the story behind biosimilar nonproprietary name suffixes. The Center 

for Biosimilars. August 8, 2020. Accessed September 6, 2021. www.centerforbiosimilars.com/view/

alphabet-soup-the-story-behind-biosimilar-nonproprietary-name-suffixes 

34. Buchner AM, Schneider Y, Lichtenstein GR. Biosimilars in inflammatory bowel disease. Am J 

Gastroenterol. 2021;116(1):45-56. doi:10.14309/ajg.0000000000000844

35. Mirasol F. Biosimilars tackle interchangeability standards. BioPharm International. 

April 1, 2020. Accessed September 8, 2021. www.biopharminternational.com/view/

biosimilars-tackle-interchangeability-standards 

36. Biosimilar and interchangeable biologics: more treatment choices. FDA. July 28, 2021. 

Accessed September 8, 2021. www.fda.gov/consumers/consumer-updates/biosimilar-and- 



77PHARMACYTIMES.ORG
NOVEMBER  2021

www.pharmacytimes.org

interchangeable-biologics-more-treatment-choices 

37. Purple Book: Lists of licensed biological products with reference product exclu-

sivity and biosimilarity or interchangeability evaluations. FDA. August 3, 2020. 

Accessed September 8, 2021. www.fda.gov/drugs/therapeutic-biologics-applications-bla/

purple-book-lists-licensed-biological-products-reference-product-exclusivity-and-biosimilarity-or  

38. FDA approves first interchangeable biosimilar insulin product for treatment of diabetes. News release. 

FDA. July 28, 2021. Accessed October 15, 2021. www.fda.gov/news-events/press-announcements/

fda-approves-first-interchangeable-biosimilar-insulin-product-treatment-diabetes

39. Yan K, Bell J, Sommi A. FDA propels insulin affordability with Semglee. diaTribe Learn. August 

2, 2021. Accessed October 15, 2021. https://diatribe.org/fda-propels-insulin-affordability-semglee-0

40. Inserro A. FDA approves insulin glargine as country's first interchangeable biosimilar. 

Am J Manag Care. Published July 29, 2021. Accessed September 8, 2021. ajmc.com/view/

fda-approves-insulin-glargine-as-country-s-first-interchangeable-biosimilar

41. Feagan BG, Marabani M, Wu J, Faccin F, Spronk C, Castañeda-Hernández G. The challenges 

of switching therapies in an evolving multiple biosimilars landscape: a narrative review of current 

evidence. Adv Ther. 2020;37(11):4491-4518. doi:10.1007/s12325-020-01472-1

42. Considerations in demonstrating interchangeability with a reference product: guidance for 

industry. FDA. www.fda.gov/media/124907/download. May 2019. Accessed September 8, 2021.

43. Davio K. An expert view on immunogenicity and biosimilars. The Center for Biosimi-

lars. March 22, 2019. Accessed September 8, 2021. www.centerforbiosimilars.com/view/

an-expert-view-on-immunogenicity-and-biosimilars

44. Jørgensen KK, Olsen IC, Goll GL, et al; NOR-SWITCH study group. Switching from originator 

infliximab to biosimilar CT-P13 compared with maintained treatment with originator infliximab 

(NOR-SWITCH): a 52-week, randomised, double-blind, non-inferiority trial [published correction 

appears in Lancet. 2017;389(10086):2286]. Lancet. 2017;389(10086):2304-2316. doi:10.1016/

S0140-6736(17)30068-5

45. Cohen RD. Nonmedical switching of biosimilars in patients with inflammatory bowel disease. 

Gastroenterol Hepatol. 2017;13(11):697-699. Accessed September 8, 2021. www.gastroenterolog-

yandhepatology.net/files/2017/11/gh1117IBD-1.pdf 

46. Humira. Prescribing information. AbbVie; 2021. Accessed October 15, 2021. www.rxab-

bvie.com/pdf/humira.pdf

47. Cimzia. Prescribing information. UCB, Inc; 2019. Accessed October 15, 2021. www.cimzia.

com/themes/custom/cimzia/docs/CIMZIA_full_prescribing_information.pdf

48. Remicade. Prescribing information. Janssen Biotech; 2021. Accessed October 15, 2021. www.

janssenlabels.com/package-insert/product-monograph/prescribing-information/REMICADE-pi.pdf

49. Simponi. Prescribing information. Janssen Biotech; 2019. Accessed October 15, 2021. 

www.janssenlabels.com/package-insert /product-monograph/prescribing-information/ 

SIMPONI-pi.pdf

50. Tysabri. Prescribing information. Biogen; 2020. Accessed October 15, 2021. www.tysabrihcp.

com/content/dam/commercial/tysabri/hcp/en_us/pdf/tysabri_prescribing_information.pdf

51. Stelara. Prescribing information. Janssen Biotech; 2020. Accessed October 15, 2021. www.

janssenlabels.com/package-insert/product-monograph/prescribing-information/STELARA-pi.pdf

52. Entyvio. Prescribing information. Takeda Pharmaceuticals; 2021. Accessed October 15, 2021. 

https://general.takedapharm.com/ENTYVIOPI

53. Colombel JF, Sandborn WJ, Rutgeerts P, et al. Adalimumab for maintenance of clinical 

response and remission in patients with Crohn's disease: the CHARM trial. Gastroenterology. 

2007;132(1):52-65. doi:10.1053/j.gastro.2006.11.041

54. Sandborn WJ, van Assche G, Reinisch W, et al. Adalimumab induces and maintains 

clinical remission in patients with moderate-to-severe ulcerative colitis. Gastroenterology. 

2012;142(2):257-265.e13. doi:10.1053/j.gastro.2011.10.032

55. Schreiber S, Khaliq-Kareemi M, Lawrance IC, et al; PRECISE 2 Study Investigators. Mainte-

nance therapy with certolizumab pegol for Crohn's disease [published correction appears in N Engl 

J Med. 2007;357(13):1357]. N Engl J Med. 2007;357(3):239-250. doi:10.1056/NEJMoa062897

56. Hanauer SB, Feagan BG, Lichtenstein GR, et al; ACCENT I Study Group. Maintenance inflix-

imab for Crohn’s disease: the ACCENT I randomized trial. Lancet. 2002;359(9317):1541-1549. 

doi:10.1016/S0140-6736(02)08512-4

57. Rutgeerts P, Sandborn WJ, Feagan BG, et al. Infliximab for induction and maintenance therapy 

for ulcerative colitis [published correction appears in N Engl J Med. 2006;354(20):2200]. N Engl J 

Med. 2005;353(23):2462-2476. doi:10.1056/NEJMoa050516

58. Targan SR, Feagan BG, Fedorak RN, et al; International Efficacy of Natalizumab in Crohn’s 

Disease Response and Remission (ENCORE) Trial Group. Natalizumab for the treatment of 

active Crohn’s disease: results of the ENCORE Trial. Gastroenterology. 2007;132(5):1672-1683. 

doi:10.1053/j.gastro.2007.03.024

59. Feagan BG, Sandborn WJ, Gasink C, et al; UNITI–IM-UNITI Study Group. Ustekinumab as 

induction and maintenance therapy for Crohn’s disease. N Engl J Med. 2016;375(20):1946-1960. 

doi:10.1056/NEJMoa1602773

60. Shahidi N, Bressler B, Panaccione R. The role of vedolizumab in patients with moderate-

to-severe Crohn’s disease and ulcerative colitis. Therap Adv Gastroenterol. 2016;9(3):330-338. 

doi:10.1177/1756283X16635081

61. Talathi S, Baig KR. Biosimilars in inflammatory bowel disease. J Dig Dis. 2020;21(11):610-

620. doi:10.1111/1751-2980.12940

62. Kashani A, Syal G, Bonthala N, McGovern D, David S. Efficacy of infliximab biosimilar 

for induction and maintenance therapy in inflammatory bowel disease after switch from 

drug originator: a meta-analysis. Am J Gastroenterol. 2017;112:S390-S391. doi:10.14309/00

000434-201710001-00705

63. Röder H, Schnitzler F, Borchardt J, et al. Switch of infliximab originator to biosimilar CT-P13 

in patients with Crohn’s disease and ulcerative colitis in a large German IBD center. A one year, 

randomized and prospective trial (abstract). United European Gastroenterol J. 2018;8:A456.

64. Ilias A, Szanto K, Gonczi L, et al. Outcomes of patients with inflammatory bowel diseases 

switched from maintenance therapy with a biosimilar to Remicade. Clin Gastroenterol Hepatol. 

2019;17(12):2506-2513.e2. doi:10.1016/j.cgh.2018.12.036

65. Bernard EJ, Fedorak RN, Jairath V. Systematic review: non-medical switching of 

infliximab to CT-P13 in inflammatory bowel disease. Dig Dis Sci. 2020;65(8):2354-2372. 

doi:10.1007/s10620-019-06036-0

66. Ye BD, Pesegova M, Alexeeva O, et al. Efficacy and safety of biosimilar CT-P13 compared 

with originator infliximab in patients with active Crohn’s disease: an international, randomised, 

double-blind, phase 3 non-inferiority study. Lancet. 2019;393(10182):1699-1707. doi:10.1016/

S0140-6736(18)32196-2

67. Meyer A, Rudant J, Drouin J, Weill A, Carbonnel F, Coste J. Effectiveness and safety of refer-

ence infliximab and biosimilar in Crohn disease: a French equivalence study. Ann Intern Med. 

2019;170(2):99-107. doi:10.7326/M18-1512

68. Bae SC, Lee YH. Comparative efficacy and safety of biosimilar adalimumab and originator 



78 PHARMACYTIMES.ORG
NOVEMBER  2021

INSTRUCTIONS FOR EARNING CREDIT

EDUCATIONAL DISCLAIMER: Continuing professional education (CPE) activities sponsored by Pharmacy Times Continuing EducationTM are offered solely for 
educational purposes and do not constitute any form of professional advice or referral. Discussions concerning drugs, dosages, and procedures may reflect the clinical 
experience of the author(s) or they may be derived from the professional literature or other sources and may suggest uses that are investigational in nature and not 
approved labeling or indications. Participants are encouraged to refer to primary references or full prescribing information resources.

Begin the activity by reading the content in its entirety.

Go to www.pharmacytimes.org/IBD to access the online version of this 
activity.

Click “Proceed,” then complete the online pretest. 

Once completed, click “Next” until reaching the activity posttest. 

After successful completion of the online interactive patient simulation, 
posttest, and activity evaluation, your credit will be uploaded into CPE 
Monitor. You must complete these steps before the activity expires in 
order to receive your credit.

You may view your credit within 48 hours at www.mycpemonitor.net.

NOTE: Your CE credit will be automatically uploaded to CPE Monitor.
Please ensure that your Pharmacy Times® account is updated with your

NABP e-profile ID number and your date of birth. Participation data
will not be uploaded into CPE Monitor if you do not have your NABP 
e-profile ID number and date of birth entered into your profile on
www.pharmacytimes.org.

SYSTEM REQUIREMENTS FOR COMPLETION:
Computer or smartphone with internet-access web browser (IE7.0+ or 
Webkit-/Mozilla-compatible) with JavaScript enabled.

FOR QUESTIONS ABOUT THIS INTERNET CPE ACTIVITY, 
PLEASE CONTACT: ceinfo@pharmacytimes.com.
PRIVACY POLICY AND TERMS OF USE INFORMATION:
www.pharmacytimes.org/terms.

adalimumab in combination with methotrexate in patients with active rheumatoid arthritis: a 

Bayesian network meta-analysis of randomized controlled trials. Clin Rheumatol. 2018;37(5):1199-

1205. doi:10.1007/s10067-018-4002-9

69. Hanauer SB. Combination therapy for inflammatory bowel disease. Gastroenterol Hepatol  

(N Y). 2017;13(5):296-298.

70. Brill A, Robinson C. Lessons for the United States from Europe’s Biosimilar Experience. 

Biosimilarscouncil.org. June 2020. Accessed September 8, 2021. biosimilarscouncil.org/

wp-content/uploads/2020/06/EuropeBiosimilars_June_2020.pdf 

71. Doessegger L, Banholzer ML. Clinical development methodology for infusion-

related reactions with monoclonal antibodies. Clin Transl Immunology. 2015;4(7):e39. 

doi:10.1038/cti.2015.14

72. A Patient’s Guide to Understanding Biosimilars. Global Healthy Living Foundation. Creaky 

Joints. 2018. Accessed October 15, 2021. creakyjoints.org/wp-content/uploads/2018/12/GHLF_

Biosimilars_Patient_Guidelines_2018.pdf



79PHARMACYTIMES.ORG
NOVEMBER  2021

www.pharmacytimes.org

POSTTEST QUESTIONS

1.  The estimated cost savings from using biosimilars 
instead of the original biologic can range as high 
as_____in the United States.
A. 10%
B. 20%
C. 30%
D. 40%

2.  Which of the following is true regarding switching 
from one biosimilar to another biosimilar for the same 
reference product?
A. Because biosimilars have interchangeable status, 

switching should not warrant any clinical concern. 
B. Clinical studies have demonstrated that switching 

decreases the risk of immunogenicity. 
C. The risk of immunogenicity has the potential to 

increase with biosimilar switching. 
D. The NOR-SWITCH study has proven that switching 

from one biosimilar to another biosimilar is safe  
and effective. 

3.  Which of the following biosimilars has demonstrated 
similar safety and efficacy to infliximab (Remicade)?
A. Infliximab-axxq (Avsola)
B. Infliximab-dtyr (Inflectriq)
C. Infliximab-atti (Relanpso)
D. Infliximab-torh (Ixanda)

4.  What is the difference between a biologic  
and a biosimilar?
A. Biosimilars are small, simple, generic products that are 

the same as the original biologic with respect  
to safety. 

B. Biosimilars are large, complex, similar products that 
are efficaciously better than the original biologic. 

C. Biosimilars are small, simple, generic products that are 
the same as the original biologic with respect  
to safety.

D. Biosimilars are large, complex, similar products that 
are efficaciously similar to the original biologic. 

5.  A patient wants to know if there are differences 
regarding administration, adverse effects, and 
interactions between their biosimilar and the original 
biologic. As a pharmacist, how would you respond?
A. Clinical trials have demonstrated some biosimilars to 

have more adverse effects than the original biologic. 
B. Further clinical studies need to be conducted to 

demonstrate differences in FDA-approved biosimilars 
with respect to administration, adverse effects,  
and interactions.

C. All clinical evidence that has been reviewed by the 
FDA has demonstrated that biosimilars have the same 
administration, adverse effects, and interactions to 
their original biologic. 

D. Biosimilars have shown to have fewer adverse effects 
than their original biologic in clinical trials; however, 
postmarketing data have demonstrated them to  
be similar. 
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