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Change Is in the Air in Pharmacy

A S WE HEAD into the new year in full swing, we’re looking toward 
what seems to be a year of great change in oncology pharmacy. One 
topic that is popping up more and more in our society is artificial 

intelligence (AI), specifically the possibility of bringing AI further into the 
fold not only in clinical research but also in clinical care. AI now looks less 
like a buzzword and more like a peek into our future, one that may allow us 
to look at the impact of issues such as health inequity, social determinants 
of health, and health care accessibility with an entirely new lens. We have 
realized that the limitation in these areas has in fact been ourselves, so we 
find in AI a more efficacious way of taking ourselves out of the equation for 
better results.

In this issue’s cover story on page 16, Pharmacy Times Oncology 
Edition™ editorial advisory board member Laly Havern, PharmD, MS, 
BCACP, and colleagues Francis Staskon, PhD, and Edward Witt, PhD, 
discuss their research investigating discontinuation rates of oral antineo-
plastic agents in 2018 and 2019. They explain that based on the current 
pipeline, these oral agents will be the mainstay of cancer management in the 
next few years. However, with this change comes the need to address and 
improve the quality of these agents because there are no current standard-
ized quality measures available for the industry to use.

On page 31, Jane Lee, PharmD, BCPS, BCOP, and Samantha Brongiel, 
PharmD, BCOP, address the 2 new indications for tremelimumab-actl 
(Imjudo; AstraZeneca Pharmaceuticals LP). This medication was approved 
by the FDA in 2022 for unresectable hepatocellular carcinoma and meta-
static non–small cell lung cancer with no sensitizing EGFR mutation or ALK 
genomic tumor aberrations.

Additionally, Sonia Amin Thomas, PharmD, BCOP, discusses novel 
therapies in HER2-low metastatic breast cancer on page 28. Historically, 
HER2-low disease was managed as HER2-negative disease, but results from 
a recent phase 3 trial shed light on a potential treatment showing significant 
survival benefit for HER2-low disease specifically.

Perhaps it will require some cajoling to find ground, or perhaps it will 
not. Regardless, change is upon us, and opportunities for advancing treat-
ment opportunities for patients continue to look strong.

Mike Hennessy Jr
P R E S I D E N T  &  C E O

M J H  L I F E  S C I E N C E S ®
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Editor’s Note

A RTIFICIAL INTELLIGENCE (AI) technology 
is integrated into the services and 
products we use every day in our 

personal and professional lives, although 
we do not think about it very often. Many 
of us may not be aware of the AI-fueled 
personal assistants and tools designed to 
improve our efficiency and productivity that 
are readily available, linked to or embedded 
within computer software programs we use 
routinely. However, as we continue to learn 
about applications for AI in oncology, we can 
better understand how these approaches solve 
problems and change how treatments are being 
developed and made available to patients.

Machine learning, the mathematical and 
statistical processes that computers use 
to improve their performance, and deep 
learning, the multilayered artificial neuronal 
network operations that facilitate unsuper-
vised learning, are subfields of AI that have 
been employed for decades to mimic and 
surpass the human brain’s ability to learn 

and solve problems. Oncology is particularly 
well suited for these applications because 
of the complex and data-intensive processes 
required for cancer risk, early detection, 
diagnosis, prognosis, treatment determinations, 
predictions for treatment response, complica-
tions, survival, and disease recurrence.

As of October 7, 2022, the FDA had 
approved 521 medical devices using AI/
machine learning, with the top applications 
in radiology, cardiovascular medicine, and 
hematology. The agency also released a new 
guidance stating that certain AI-powered 
clinical decision support tools should 
be regulated as medical devices and that 
software functions must meet specific 
criteria to be considered nondevice clinical 
decision support. Examples could include AI 
and machine learning in software designed 
to predict a patient’s clinical deterioration, 
risk scores or probability of a disease or 
condition, or the potential to identify patients 
with opioid addiction. The number of medical 

Lisa E. Davis,  PharmD, 
FCCP, BCPS, BCOP

Integration of AI in Oncology: Implications 
for Research, Clinical Outcomes
L I S A  E .  D AV I S ,  P H A R M D ,  F C C P,  B C P S ,  B C O P,  P H A R M AC Y  T I M E S  O N C O L O G Y  E D I T I O N T M  E D I T O R  I N  C H I E F
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devices using AI/machine learning 
reviewed and cleared by the FDA 
has surged since 2017.

In oncology, machine-learning 
strategies have facilitated drug discovery, optimized 
combination therapy design and delivery, and enabled 
more precise classification of disease states. The 
implementation of AI throughout the spectrum of 
drug discovery, development, and administration 
provides the potential to develop better targeted 
therapies and optimize and sustain drug selection and 
dosing regimens. Molecular profiling companies are 
combining molecular and clinical outcomes data to 
identify new strategies to improve precision medicine. 
Pharmaceutical companies, health care systems, health 
technology companies, and dozens of start-up compa-
nies are using AI algorithms to fight cancer. They are 
partnering across health systems and various coun-
tries to use electronic health records; imaging; and 
genomic, clinical, and other data to improve cancer 
detection, risk prediction, diagnoses, and patient 
clinical outcomes.

Available publications demonstrate how machine-
learning approaches can help identify patients at risk 
for early and late adverse effects (AEs) associated 
with anticancer therapies, clinical biomarkers for 
specific AEs correlated with chemotherapeutic agents, 
complications related to underlying malignancies, and 
clinical prediction strategies for specific toxicities. 
AI-driven, patient-directed risk assessment tools can 
help motivate patients to adhere to treatments and seek 
medical care.

Furthermore, findings from clinical trials support 
the use of AI algorithms to enhance subject accrual 
and improve survival outcomes. Ongoing trials seek 
to evaluate AI-based precision oncology clinical 
matching tools and other AI platforms to facilitate 
clinical trial enrollment, develop predictive models, 

and predict quality of life and other outcomes associ-
ated with cancer treatments.

Limitations from randomized clinical trials of 
machine-learning interventions include potential 
risk of bias due to lack of study participants from 
underrepresented racial and ethnic minority groups. 
Therefore, broad applications for AI algorithms require 
diverse and inclusive data sets.

Additionally, the black box characteristic of AI tech-
nologies due to the overlapping decision trees hides 
within convoluted layers of data interactions. Unlike 
linear algorithmic approaches that can be represented 
graphically, the details of how data are analyzed to make 
decisions are less amenable to graphic presentation 
because of the nature of machine-learning operations.

Multiple AI-powered cancer clinical trial matching 
services and applications target patients for clinical 
trial recruitment, empowering them with the elimina-
tion of the oncologist as a gateway to clinical trials 
and removing additional barriers to clinical trial 
participation. The recruitment programs are avail-
able online and on mobile phone applications where 
patients can self-report information about their cancer 
history and submit clinical and test results. These 
approaches have the potential to expand the numbers 
of clinical participants, especially from a diverse 
population inclusive of underrepresented racial and 
ethnic minority individuals. Furthermore, pharmacists 
who are aware of these resources can better assist 
patients who are seeking clinical trials that may be 
outside their institution or region, especially if their 
tumor has biomarkers that could be incorporated into a 
trial query. Oncology pharmacists will likely interface 
with AI or machine-learning algorithms (if they do not 
already) to match patients to clinical trials; identify, 
select, and/or modify optimal treatments; or inform 
their approach to monitoring patients for treatment-
associated toxicities. ■

   about the editor Lisa E. Davis, PharmD, FCCP, BCPS, BCOP, is the editor in chief of Pharmacy Times Oncology Edition™. Davis holds positions as a 
clinical pharmacist in early-phase clinical trial and breast cancer programs at the University of Arizona (Arizona) Cancer Center and a clinical professor of 
pharmacy practice and science at the Arizona R. Ken Coit College of Pharmacy. Davis also sits on the Hematology/Oncology Pharmacy Association Board of 
Directors and is a member of the Cancer Prevention and Control Program and scientific review committee at the Arizona Cancer Center.
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B ASED ON THE current pipeline, oral antineoplastic drugs will be the mainstay of cancer treatment in the next 
few years.1 This increase in usage has identified a need to improve the quality of oral anticancer medication 
use, but there are no current standardized quality measures to address it. For this reason, we investigated 

discontinuation rates for oral oncolytic medications and the impact on outcomes of total medical costs and 
hospitalizations. Specifically, we examined a reported discontinuation rate for a half-year period to exclude 
end-of-therapy indications on a limited set of medications.

In our analysis, discontinuations were calculated 
per year as a gap in medication supply at intervals of 
1.5 times the last fill day’s supply (eg, for a 14-day 
fill, the gap would be > 21 days) in the past 6 months 
of the year (Figure 1 and Figure 2). The measure was 
generated from patients using 8 generic products in     
6 therapy classes as single therapy. The findings were 
presented at the National Association of Specialty 
Pharmacy Annual Meeting & Expo in Orlando, 
Florida, in September 2022.2

According to our study results, a total of                         
4872 patients in 2018 met the criteria for sample 
inclusion, and 1534 of these patients also met the 
criteria from 2018 to 2019. In 2018, 25.6% of patients 
had a discontinuation, and from 2018 to 2019, 23.5% 
of patients had a discontinuation in either year. 
Discontinuation rates in 2018 were significantly lower 
within the Northeast region, with greater use of mail-
order pharmacy and higher provider ratio. However, 
the rates significantly increased for new-to-therapy 

LALY HAVERN, PHARMD, MS, BCACP, is the director of specialty health solutions in oncology and fertility at Walgreens. 
FRANCIS STASKON, PHD, is a principal analyst in health analytics research and reporting at Walgreens. 
EDWARD WITT, PHD, is a manager in health analytics research and reporting at Walgreens.
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  about the authors

Lower Discontinuation 
Rates on Cycled Oral 
Antineoplastics Can Lead 
to Lower Medical Costs, 
Fewer Hospitalizations
These agents are likely to 
become the mainstay of 
cancer treatment in the very 
near future.
L A LY  H A V E R N ,  P H A R M D ,  M S ,  B C A C P ;  F R A N C I S  S TA S K O N , 
P H D ;  A N D  E D W A R D  W I T T,  P H D
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FIGURE 1 .  TOTAL  MEDICAL  COST PER YEAR BY 2018 
D ISCONTINUATION OF ORAL  ONCOLYT IC  MEDICAT IONS

FIGURE 2.  TOTAL  MEDICAL  COST PER YEAR BY 2019 
D ISCONTINUATION OF ORAL  ONCOLYT IC  MEDICAT IONS

patients and those with hospitalization events.
From 2018 to 2019, total medical costs signifi-

cantly decreased ($12,757; P < .0006) but signifi-
cantly increased among those who discontinued in 
2018 ($50, 558; P < .0001) and over time ($15, 337; 
P < .0002). Patients who discontinued in 2019 had 
higher annual estimated costs ($23,080; P < .002).

Odds of hospitalization in 2019 were significantly 
associated with higher discontinuation in 2019 (odds 
ratio [OR], 2.32; P < .0001) and inversely associated 
with longer medication coverage in 2018 (< 61 days: 
OR, 0.66; > 150 days: OR, 0.51; P < .02).

Increasing use of cycled oral antineoplastic 
therapies, for which dosages vary per monthly supply, 
has generated interest in examining a discontinuation 
metric for adherence. Results from our study show 
that increased medication adherence on cycled oral 
antineoplastics can lead to lower medical costs and 
fewer hospitalization events compared with lower 

adherence levels. Additionally, these results help 
validate methodology for discontinuations, especially 
as organizations such as the Pharmacy Quality 
Alliance continue their initiatives to create standard 
quality measures in oncology. This metric can be used 
for annual reporting requirements by implementing 
filters to control for possible end of therapy, late 
medication starts in the given year, and product 
switching within a therapy class. ■

 R E F E R E N C E S
1. Moreira A, Bernardo C, Ramos C, Aguiar P, Alves da Costa F. National trends 

in the use of oral chemotherapy over 13 years. Front Pharmacol. 2022;13:909948. 

doi:10.3389/fphar.2022.909948

2. Staskon F, Kirkham K, Witt E, Havern L. Oral oncolytics: adherence, cost, and 

utilization. Presented at: National Association of Specialty Pharmacy Annual Meeting 

& Expo; September 19-22, 2022; Orlando, FL.
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Immune Checkpoint Inhibitors Change 
Treatment Landscape for Metastatic 
Cervical Cancer
Approval of a novel antibody-drug conjugate ushers in new 
second-line option.
F E N D I  J A N ,  P H A R M D ;  A M Y  I N D O R F ,  P H A R M D ,  B C O P ;  A N D  A L L I S O N  K U P S H ,  P H A R M D

C ERVICAL CANCER IS the fourth most common 
cancer for women worldwide, with an estimated 
13,000 cases diagnosed and 4000 deaths 

recorded each year.1 Human papillomavirus (HPV) 
remains the most prominent risk factor for cervical 
cancer. Screenings, including Papanicolaou tests and 
HPV tests, and preventive HPV vaccines can reduce 
the incidence of cervical cancer. However, limited 
access to these prevention measures due to health 
disparities can increase the rate of cervical cancer in 
underserved patient populations.1,2

The current first-line therapy for patients with 
recurrent or metastatic cervical cancer includes 
platinum-based chemotherapy or paclitaxel with or 
without bevacizumab (Avastin; Genentech, Inc), 

a therapy approved in 2014 because it showed 
an overall survival (OS) benefit when added to 
chemotherapy.1 In the trial (NCT00803062) that led 
to the approval, the median OS was 6.5 months to 

13.3 months for chemotherapy-only regimens and 
16.9 months with the addition of bevacizumab.3 

Until 2021, bevacizumab was the most recent FDA-
approved drug for recurrent or metastatic cervical 
cancer.

However, in 2021, pembrolizumab (Keytruda; 
Merck & Co, Inc), a PD-1 inhibitor, was approved for 
this disease state. Additionally, 2 other PD-1 inhibi-
tors, cemiplimab-rwlc (Libtayo; Regeneron Phar-
maceuticals, Inc) and nivolumab (Opdivo; Bristol 
Myers Squibb), have also demonstrated efficacy in 
this patient population, although they have not yet 
been FDA approved to treat recurrent or metastatic 
cervical cancer. 

PD-1 inhibitors, such as pembrolizumab, 
cemiplimab, and nivolumab, work by binding to the 
PD-1 receptor and blocking its interactions with 
PD-L1 and PD-L2, releasing PD-1 pathway–mediated 
inhibition of antitumor immune response. To date,     ©
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3 key trials have investigated PD-1 inhibitors for the 
treatment of cervical cancer.

In the phase 3 KEYNOTE-826 trial (NCT03635567), 
617 patients without prior systemic chemotherapy 
treatment with PD-L1–positive metastatic cervical 
cancer were randomly assigned to receive pembro-
lizumab 200 mg or placebo every 3 weeks for up to 
35 cycles plus platinum-based chemotherapy with or 
without bevacizumab, the latter of which was at the 
investigator’s discretion. With a median follow-up of 
22 months, progression-free survival (PFS) was 10.4 
months in the pembrolizumab group and 8.2 months 
in the placebo group (HR, 0.62; 95% CI, 0.50-0.77; 
P < .001). Additionally, OS at 24 months was 53% in 
the pembrolizumab group and 41.7% in the placebo 
group (HR, 0.64; 95% CI, 0.50-0.81; P < .001).4

Furthermore, in a subgroup analysis of the 
KEYNOTE-826 trial results, defined by the addition 
of bevacizumab (yes or no), histology (squamous or 
nonsquamous), platinum use (carboplatin or cispl-
atin), and prior chemoradiation therapy (yes or no), 
similar benefits with the addition of pembrolizumab 
were seen across all subgroups, which demonstrate 
a meaningful benefit to the broader patient popula-
tion. The most common grade 3 or higher adverse 
events (AEs) were anemia (30.3% in the pembroli-
zumab group and 26.9% in the placebo group) and 
neutropenia (12.4% and 9.7%, respectively).4 Thus, 
the addition of pembrolizumab did not exacerbate 
known AEs of chemotherapy or bevacizumab and 
vice versa. Immune-related AEs occurred in 33.9% of 
patients receiving pembrolizumab and 15.2% in the 
placebo group. Because of pembrolizumab’s efficacy 
and safety profile, its addition to chemotherapy with 
or without bevacizumab has been added as first-line 
treatment for advanced metastatic cervical cancer 
with tumors expressing PD-L1.1,4 

In another phase 3 trial (NCT03257267),            
608 patients (regardless of PD-L1 status) who had 
received prior bevacizumab and paclitaxel therapy 
were randomly assigned to receive cemiplimab      
350 mg every 3 weeks or investigator’s choice of 
single-agent chemotherapy. With a median follow-up 
period of 18.2 months, OS was significantly 
longer with cemiplimab compared with single-
agent chemotherapy (12.0 vs 8.5 months; 95% CI, 

0.56-0.84; 2-sided P < .001). Further, PFS was also 
significantly longer in the cemiplimab group (HR, 
0.75; 95% CI, 0.63-0.89; 2-sided P < .001), with 
the most common grade 3 or higher AEs noted as 
anemia (12% in the cemiplimab group and 26.9% 
in the controlled group), urinary tract infection (5% 
and 2.8%, respectively), and neutropenia (1.0% and 
9.0%, respectively).5  Based on these trial results, 
cemiplimab appears to be a well-tolerated therapy 
and can be used in patients regardless of PD-L1 
expression status. 

In a phase 2 trial (NCT02257528), 26 patients, 
regardless of PD-L1 status, with recurrent or meta-
static disease with 2 or fewer prior systemic therapies 
received nivolumab 240 mg every 2 weeks. The 
estimated PFS and OS at 6 months were 16.0% and 
78.4%, respectively.6 The trial results showed that 
treating this patient population with nivolumab as 
a single agent demonstrated promising antitumor 
activity with an acceptable safety profile.

Lastly, tisotumab vedotin-tftv (Tivdak; Seagen 
Inc) is a novel antibody-drug conjugate that was 
approved for cervical cancer in 2021. It is directed 
against tissue factor, which is a protein that is highly 
prevalent in cervical cancer. Upon internalization, 
monomethyl auristatin E is released, resulting in cell 
cycle arrest and apoptotic cell death.7,8 

In a phase 2, open-label, multicenter trial 
(NCT03438396), 101 patients with recurrent or meta-
static cervical cancer received 2 mg/kg (maximum 
200 mg) of tisotumab vedotin-tftv intravenously 
once every 3 weeks. With a median follow-up of 
10 months, an objective response rate was achieved 
in 24% of patients, with 7% achieving complete 
response and 17% achieving partial response. 

The median duration of response was 8.3 months. 
Treatment-related AEs at grade 3 or higher included 
neutropenia (3%), fatigue (2%), ulcerative keratitis 
(2%), and peripheral neuropathy (2%).7,8 

Additionally, because tisotumab vedotin-tftv has 
been associated with ocular toxicity, referral to 
an ophthalmologist is required for a baseline eye 
examination prior to each treatment and as clinically 
indicated.8 Topical eye drops are required, including 
vasoconstrictor eye drops to be used immediately 
prior to each infusion, corticosteroid eye drops to be »
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used prior and continued after for 72 
hours following each infusion, and lubri-
cating eye drops to be used throughout 
treatment and for 30 days after the last 
dose. Additionally, patients must avoid 
eye irritants and wearing contact lenses 
throughout treatment. The involvement 
of eye care may pose as an additional 
barrier to underserved patients because 
of limited access to resources and the 
additive costs associated with medica-
tions and ophthalmologist visits. 

With the addition of immune check-
point inhibitors, the treatment para-
digm for metastatic cervical cancer 
has changed. For patients who are 
PD-L1 positive, optimal sequencing 
of subsequent treatments for recurrent 
cervical cancer is unknown because 
these patients may be receiving a 4-drug 
regimen including bevacizumab and 
pembrolizumab up front. Because the 
clinical trials previously discussed all 
excluded patients who have previously 
received a PD-1 inhibitor, ongoing 
research can demonstrate whether this 
patient population is expected to benefit 
from immune checkpoint therapy. 

In the cemiplimab and nivolumab 
trials, patients were enrolled regardless 
of PD-L1 status, and for those patients 
who are microsatellite instability 
high and mismatch repair deficient, 
pembrolizumab is still an option. 
Regardless of PD-L1 status, tisotumab 
vedotin-tftv is a new second-line 

option for cervical cancer, ushering 
in antibody-drug conjugates for the 
treatment of gynecologic malignancies. ■
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O NE OF THE hallmarks of cancer 
is genomic instability, which 
is caused by defects in certain 

processes that control the way cells 
divide.1 These defects include mutations 
in genes involved in the repair of 
damaged DNA or mistakes that are not 
corrected when DNA is copied in a cell.1

PARP is a type of nuclear enzyme 
involved in many cellular functions, 
including facilitating the repair of DNA 
damage and participating in the regula-
tion of cytokine expression that mediates 
inflammation.2,3 When extensive DNA 
damage occurs, overactivation of PARP 
decreases cellular energy level and 
leads to cell death.3 Blocking PARP has 
been studied as a mechanism to manage 
cancer by preventing cancer cells from 
repairing their damaged DNA, forcing 
them to die.2,4

Therapeutic Pathways and Potential 
Mechanisms of Resistance
PARP enzymes take part in various DNA 
damage response (DDR) pathways that 
detect and determine cellular fate following 
DNA damage, recruitment of cofactors, 
and regulation of biochemical activities.4 
The most significant DDR pathways 
involving PARP include nucleotide exci-
sion repair, base excision repair, mismatch 
repair, homologous recombination (HR), and 
nonhomologous end joining recombination.4

One of the most dynamic developing 
targeted therapies is the use of PARP 
inhibitors (PARPi). PARPi are currently 
approved for the management of a range 
of tumor types and represent a class of 

cancer treatment that primarily inhibits 
the catalytic activity of specific enzymes 
called PARP1 and PARP2.4-6 These are 
active in the DDR pathway through 
involvement in base excision repair of 
single-strand breaks (SSBs) in DNA.4,6

PARP inhibition results in an accu-
mulation of SSBs and entrapment of the 
PARP-DNA complex on SSBs, leading 
to double-strand breaks (DSBs).5 This 
PARP trapping is considered the major 
mechanism of antitumor activity.5

PARP inhibition is not effective in 
healthy cells because they can utilize 
the functional HR repair mechanism 
to repair DSBs, but it is very effective 
in cells that harbor HR deficiencies 
(HRDs), including the cells of specific 
types of breast and ovarian cancers with 
mutations in BRCA1 and BRCA2.5,6 This 
concept, termed synthetic lethality, is 
the simultaneous loss of function of 2 or 
more key molecules resulting in cell death; 
however, a deficiency in 1 key molecule is 
not lethal.4-6 Recent clinical evidence has 
shown that PARPi can still be effective 
regardless of BRCA1/2, HRD status, or 
other DDR gene alterations, suggesting 
that a wider population of patients may 
benefit from PARPi therapy.4,6

Although PARPi have been shown to 
improve progression-free survival (PFS), 
some cancers may inevitably develop 
resistance to them. Potential mechanisms 
of resistance to PARPi include restora-
tion of HR capacity, stabilization of 
replication forks, diminished trapping of 
PARP1, P-glycoprotein–mediated drug 
efflux, alterations in cell cycle control, 
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microRNA expression patterns, and other dysregulated 
signaling pathways.5,6 Ongoing research is underway 
to improve understanding of how PARPi might help 
guide broader use, optimize efficacy, evaluate novel 
combinations with other types of targeted therapies, 
overcome resistance, and sensitize tumors.5,6

Updates in Current Clinical Use 
and Future Perspectives
Since 2014, 4 PARPi have been approved by the FDA for 
clinical use: olaparib (Lynparza; AstraZeneca), rucaparib 
(Rubraca; Clovis Oncology), niraparib (Zejula; GSK), 
and talazoparib (Talzenna; Pfizer).3,4,7 These 4 PARPi 
share similarities in their chemical structures and an 
aromatic system that mimics nicotinamide, part of nico-
tinamide adenine dinucleotide (NAD), allowing them to 
compete with NAD for PARP binding.5

Olaparib holds indications for select patients with 
advanced ovarian cancer, early or metastatic breast 
cancer, metastatic pancreatic cancer, and metastatic 
prostate cancer.8 Rucaparib is indicated for patients 
with BRCA-positive, metastatic castration-resistant 
prostate cancer and for the maintenance management 
of ovarian cancer, fallopian tube cancer, or primary 
peritoneal cancer in patients whose cancer has recurred 
and who achieve complete or partial response to a 
platinum-based chemotherapy.9

Niraparib is approved for use in the maintenance 
management of advanced ovarian cancer, fallopian 
tube cancer, or primary peritoneal cancer when the 
patient has achieved complete or partial response to treat-
ment with platinum-based chemotherapy.10 Talazoparib 
manages germline BRCA-mutated, HER2-negative 
breast cancer that is locally advanced or metastatic.11

However, as of October 2022, manufacturers of ruca-
parib, olaparib, and niraparib (the 3 PARPi approved 
by the FDA for third- and fourth-line management 
of ovarian cancer) had voluntarily withdrawn their 
approvals because of safety concerns.7 Finalized 
results of studies evaluating the use of PARPi have 
shown potential negative effects on overall survival 
(OS) for these indications, which were initially 
approved via the accelerated approval pathway based 
on objective response rate, PFS, and duration of 
response. The results from the most recent studies 
have shown that these outcomes ultimately did not 
correlate with OS.7

In November 2022, the FDA requested that 
indication for rucaparib be removed for use in patients 

with recurrent epithelial ovarian cancer, fallopian 
tube cancer, or primary peritoneal cancer who have 
achieved complete or partial response to platinum-
based chemotherapy and be used only in the second-
line maintenance setting for patients harboring BRCA 
mutations.7 In the same month, GSK restricted the use 
of niraparib following an FDA request that it be used 
only for patients with deleterious or suspected delete-
rious germline BRCA mutations.7

PARP enzymes play many roles at different cell 
cycle stages, so understanding the interaction network 
within the cell is important for investigators exploring 
new potential therapies. For example, current research 
shows PARPi might heighten sensitivity to immune 
checkpoint inhibitors (ICIs) because PARPi indirectly 
affect the tumor microenvironment by increasing 
genomic instability and immune pathway activation 
and inhibiting surface proteins including CTLA4, 
PD-1 expressed by activated T cells, and its ligand 
PD-L1.4,6,7 The use of potential PARPi combinations 
with products interacting with PD1/PD-L1 pathways 
was based on research that DNA-damaging agents lead 
to the activation of interferon pathways due to DNA 
damage, that the level of interferon expression has an 
impact on levels of PD-L1, and that PARPi themselves 
cause upregulation of PD-L1.4,6

Conclusion
PARPi monotherapy has been a milestone in the 
management of many BRCA1/2-mutated cancers, offering 
patients and prescribers the hope of effective therapy 
options. Alternate therapeutic pathways for PARPi 
and potential mechanisms of sensitivity and resistance 
remain major areas of current clinical research.4,7 
Numerous clinical trials are ongoing to develop next-
generation PARPi and validate the use of combination 
therapies, particularly the potential synergistic effect 
of PARPi with ICIs.5,7 Additional studies are necessary 
to investigate potential PARPi combinations in groups 
of patients who have clinically unmet anticancer needs, 
including patients who do not respond well to established 
PARPi/ICI monotherapies. Biomarkers are critical in 
identifying optimal patient populations, because 
although the effect is beneficial in tumors with 
BRCA1/2 mutations or HRD, HR-proficient markers 
have yet to be determined.4 Stakeholders including 
payers, prescribers, and specialty pharmacies will need 
to continue to track current market changes and update 
clinical criteria as necessary. ■
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O VARIAN CANCER IS one of the most 
common gynecologic cancers and 
holds the highest mortality rate 

among cancers that affect the female 
reproductive system.1 It is a difficult-
to-treat disease because of the limited 
number of targeted therapy options 
available and a high rate of recurrence.2 

In 2023, the National Cancer Insti-
tute estimates there will be almost 
20,000 new diagnoses and more than 
13,000 deaths attributed to ovarian 
cancer in the United States; it is the 
fifth leading cause of cancer death in 
women.2-4 Epithelial ovarian cancer 
(EOC) accounts for approximately 90% 
of all ovarian malignancies, and the 
5-year survival rate for metastatic EOC 
is approximately only 31%.1-3 Current 
clinical research focuses on advance-
ments in the management of EOC with 
novel targeted molecular therapies, 
focusing particularly on PARP inhibitors 
(PARPi) and immune checkpoint inhibi-
tors (ICIs).1,2,5

Background
Ovaries are the glands found on each side 
of the uterus in females that produce the 
hormones estrogen and progesterone, as 
well as ova, or eggs, for reproduction.6 

The ovaries are made up of 3 main types 
of cells that may develop different types of 
tumors: epithelial tumors that start from the 
cells covering the outer surface of the ovary, 
germ cell tumors that arise from the ova, and 
stromal tumors that begin from structural 
tissue that holds the ovary together and 
produces both estrogen and progesterone.6  

Ovarian cancers were previously 
believed to originate only in the ovaries, 
but data from recent studies suggest 
that many ovarian cancers may actually 
arise from the cells in the distal end of 
the fallopian tubes.6 The most common 
histological subtypes of EOC are classi-
fied as high-grade serous, endometrioid, 
clear cell, mucinous, and low-grade 
serous.6 Each of these subtypes behaves 
as a separate and distinct disease with 
differences in clinical presentation and 
mutations, as well as response to treat-
ment.1,6 Approximately 15% of patients 
with EOC harbor BRCA1/2 mutations 
and approximately 50% of EOCs exhibit 
defective DNA repair via homologous 
recombination deficiencies (HRDs), 
which serve as prognostic and predictive 
biomarkers.1,7

Current Clinical Insights Into 
Treatment of Epithelial Ovarian Cancer
Typically, the standard treatment strategy 
for EOC involves cytoreductive surgery 
with pre- or postoperative chemotherapy, 
usually a platinum agent in combination 
with a taxane.1,2,8,9 However, up to 80% of 
patients relapse within 12 to 18 months.1 
There is no single therapeutic agent 
currently recommended as the treatment of 
choice for recurrent EOC. Many patients 
receive the same chemotherapy (depending 
on previous response and mutation status), 
such as bevacizumab (Avastin; Genen-
tech), or targeted therapies including 
PARPi.1,2,8,9 

PARPi target and exploit genetic 
mutations that interfere with DNA 
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FIGURE. Treatment Algorithm for Advanced Epithelial Ovarian Cancer and PARPi Use5

EOC, epithelial ovarian cancer; gBRCAMUT, germline BRCA mutation; HRD, homologous recombination deficiency; and PARPi, PARP inhibitor.

damage repair and the HR pathway, most notably 
BRCA.8-11 BRCA mutations and other HRDs make 
it more difficult for cells to repair DNA damage, 
leading to synthetic lethality.10,11 Olaparib (Lynparza; 
AstraZeneca), rucaparib (Rubraca; Clovis Oncology), 
and niraparib (Zejula; GSK) have all received FDA 
approval for the treatment of EOC in different 
settings.1,2,9 As of October 2022, all 3 manufacturers 
had voluntarily withdrawn their recommendation of 
these products in the third- and fourth-line treatments 
of ovarian cancer because of safety concerns related to 
overall survival.2 Accordingly, the National Compre-
hensive Cancer Network (NCCN) has also withdrawn 
its support, classifying these products as category 3 
recommendations and stating, “Based upon any level 
of evidence, there is major NCCN disagreement that 
the intervention is appropriate.”2,9 However, both 
NCCN recommendations and FDA indications remain 
in place for the use of these PARPi for first-line 
maintenance therapy (categories 1 and 2A per BRCA 
status).2,9 

Additionally, in November 2022, GSK also restricted 
the use of niraparib following an FDA request that it 
be used only for patients with deleterious or suspected 
deleterious germline BRCA mutations (gBRCAMUT).2 

A fourth PARPi being investigated for the treatment 
of EOC is veliparib (ABT-888; AbbVie), which has 
demonstrated a lower PARP-trapping capability vs 

the other 3 FDA-approved products, but a decreased 
toxicity when combined with chemotherapeutic agents 
and radiotherapy.1,5 

Representing a significant advancement in the 
treatment of advanced ovarian cancer, PARPi have 
changed the landscape for current therapeutic strate-
gies, particularly for patients with BRCA1/2 mutations 
or other HRD mutations.1,10,11 However, investigators 
are also seeking to determine which patients among 
the non-BRCAMUT and non-HRD populations are also 
most likely to benefit.1,2,5 PARPi have increasing 
indications as monotherapies, but resistance and need 
for improved efficacy have led researchers to focus on 
combination therapies, including use with ICIs. The 
Figure illustrates the current treatment algorithm for 
advanced EOC and where PARPi may be most appli-
cable in clinical use.5 

ICIs are novel immunotherapy agents that block 
checkpoint proteins from binding with their partner 
proteins, allowing the body’s T cells to destroy 
cancer cells.12 Despite the success of immunotherapy 
in other types of cancer, the use of monotherapy 
antibodies that inhibit the surface proteins, including 
CTLA4, PD-1 expressed by activated T cells, and its 
ligand PD-L1, has achieved only modest results in 
EOC, and hence has not yet been FDA approved for 
treatment in this indication.1,2,10,13 Some examples of 
ICIs in investigative combinations include the PD-1 
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inhibitors pembrolizumab (Keytruda; Merck & Co) 
and nivolumab (Opdivo; Bristol Myers Squibb).1,11,13 
Other examples include the PD-L1 inhibitors avelumab 
(Bavencio; EMD Serono/Pfizer), atezolizumab 
(Tecentriq; Genentech), and durvalumab (Imfinzi; 
AstraZeneca Pharmaceuticals).1,11,13 Additionally, 
combinations with the PD-1/PD-L1/2 inhibitor 
dostarlimab-gxly (Jemperli; GSK) or CTLA4 inhibitor 
tremelimumab (Imjudo; AstraZeneca Pharmaceuticals) 
are also being studied.1,11,13 

Data from most recent studies show a potential 
synergistic effect whereby PARPi might heighten 
sensitivity to ICIs because they indirectly impact 
the tumor microenvironment by increasing genomic 
instability and immune pathway activation and inhib-
iting these surface proteins.10,14,15 Additional studies 
are necessary to investigate potential PARPi/ICI 
combinations in groups of patients who have clinically 
unmet anticancer needs, with the goal of improving 
outcomes for patients diagnosed with EOC. With other 
research underway focusing on the identification of 
new possible targets, data regarding the future role of 
ICIs, tumor vaccines, and adoptive T-cell therapies 
may also play a role in personalized immunologic 
treatment for patients with EOC.1

Conclusion
Considerations for EOC therapy selection involve 
many factors. These include treatment indication, FDA 
approval, platinum sensitivity, molecular analyses (eg, 
BRCA, HRD), and testing strategies.1,8 Other issues may 
include risk stratification, identifying the likelihood of 
patient response to PARPi, previous treatment lines, 
and response to prior therapy.1,8 Finally, patient-specific 
factors such as performance status, end organ status, and 
toxicities to prior regimens, as well as toxicity profiles, 
patient adherence, and cost/value, should be consid-
ered.1,8 Furthermore, specialty pharmacists are uniquely 
positioned to optimize patient outcomes in those 
receiving treatment for EOC through patient education, 
management of adverse events, adherence strategies, and 
mitigation of financial toxicity. ■
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Patient Case: LS
LS is a male patient aged 54 years who has 
been coming to your pharmacy for the past 
5 years. He received a diagnosis of stage 
IIIB colon cancer during a colonoscopy 
2 months ago and has now completed 
surgical resection. 

He comes to the pharmacy counter 
looking for a lotion recommended by 
his oncology team to prevent palmar-
plantar erythrodysesthesia, or hand-foot 
syndrome, an adverse effect (AE) of 
his chemotherapy. He states he will 
be initiating an adjuvant treatment in 
the coming weeks with capecitabine 
(Xeloda; Genentech, Inc) and oxaliplatin 
(Eloxatin; Sanofi-Aventis US LLC) 
in hopes of eliminating any residual 
disease. He also inquires whether there 
may be any drug interactions with his 
current medications list that he should be 
concerned about.

Medical History
LS most recently received a diagnosis of 
stage IIIB colon cancer and previously 
received diagnoses of gastroesophageal 
reflux disease, hypertension, gout, and 
type 2 diabetes.

Current Medications 
LS is taking the proton pump inhibitor 
(PPI) pantoprazole sodium (Protonix; 
Pfizer Inc) at 40 mg/d, lisinopril at         
20 mg/d, atenolol (Tenormin; Almatica 
Pharma LLC) at 50 mg/d, naproxen 
sodium (Aleve; Bayer) at 500 mg/d, 
allopurinol (Zyloprim; Casper Pharma) at 

450 mg/d, and metformin at 500 mg twice 
a day.

Adjuvant treatment of stage III 
colon cancer includes 3 to 6 months of a 
fluoropyrimidine-based chemotherapeutic 
regimen. Patients with good performance 
status generally receive either modified 
FOLFOX-6 (fluorouracil [5-FU], leucov-
orin, and oxaliplatin on day 1) repeated 
every 2 weeks or CAPOX (oxaliplatin 
on day 1 and capecitabine twice daily for                                
14 days, followed by 7 days off) 
repeated every 3 weeks.1 

Oxaliplatin, which is a platinum-based 
cytotoxic chemotherapy that inhibits 
DNA replication and transcription, can 
have toxicities such as myelosuppres-
sion, risks of hypersensitivity reaction, 
and peripheral sensory neuropathy, 
which may be transient or permanent.2 
Additionally, capecitabine is an oral 
prodrug of 5-FU that exerts antitumor 
effects by interfering with DNA and 
RNA synthesis and inhibition of thymi-
dylate synthase.3 Common AEs associ-
ated with use of capecitabine include 
palmar-plantar erythrodysesthesia, 
diarrhea, nausea, fatigue, and hyperbili-
rubinemia. 

Palmar-plantar erythrodysesthesia is 
one of the more common dose-limiting 
toxicities associated with capecitabine. 
Presentation varies from mild dryness 
with or without erythema on palms and/
or soles to more severe symptoms, such 
as significant pain that limits activities 
of daily living, blisters, edema, hyper-
keratosis, and desquamation. To help 
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prevent these symptoms, patients are recommended to 
avoid exposing their hands and feet to friction and hot 
temperatures (eg, soaking in hot baths). Additionally, 
patients are recommended to gently apply emollients to 
hands and feet several times per day, which should be 
reinforced with patients at each follow-up. Further, phar-
macists should recommend the use of thick, alcohol-free 
moisturizers to patients, with urea-based creams providing 
additional benefit for prevention and treatment.4 Lastly, 
patients should be counseled to report discomfort as soon 
as it develops to allow for prompt symptom manage-
ment to minimize the need for dose reduction and/or 
treatment interruption.

Upon review of LS’s current medication list, the 
pharmacist observes 2 significant drug interac-
tions. First, allopurinol should not be combined with 
capecitabine because it may result in the decreased 
efficacy of capecitabine.3 Capecitabine is an oral 
prodrug that requires enzymatic metabolism to form 
2 active metabolites, 5-fluoro-2'-deoxyuridine-5'-mo-
nophosphate (FdUMP) and 5-fluorouridine 5'-triphos-
phate (FUTP). When capecitabine is administered with 
allopurinol, the conversion of capecitabine to 5-FU 
and then to FdUMP and FUTP may be reduced via 
inhibition of phosphorylation. 

However, some studies have demonstrated a reduc-
tion of 5-FU–associated AEs and an increase in 
the maximum tolerated doses of capecitabine when 
administered with allopurinol,5,6 although the clinical 
impact of this has not been fully characterized. 
Given the potential for decreased antitumor activity 
of capecitabine, avoiding use of allopurinol in these 
patients is recommended. 

Furthermore, pharmacists can facilitate discussion 
between the patient and the prescriber regarding 
whether allopurinol may be safely interrupted or 
discontinued for gout prophylaxis or whether gout 
should be managed with an alternative agent such as 
febuxostat (Uloric; Takeda Pharmaceuticals America, 
Inc) or probenecid (Benemid; Lannett Company, Inc). 
Careful considerations should also be made in patients 
with preexisting cardiovascular disease because both 
febuxostat and capecitabine have been associated with 
an increased risk of cardiovascular events.3,7

The second drug interaction warranting consider-
ation is the coadministration of capecitabine with 
gastric acid suppression (eg, a PPI). Some evidence 
suggests that an increase in gastric pH may reduce 

dissolution and absorption of capecitabine after oral 
administration.8,9 Although there are no prospective 
studies adequately evaluating the clinical impact of 
this potential interaction, several retrospective studies 
suggest a reduction in progression-free survival and/or 
overall survival with the combination.8,10 

However, a recent study evaluated the probability of 
this interaction using available retrospective studies 
and both in vitro and in vivo evidence, with the 
results showing an overall low probability of a true 
interaction that would limit the clinical significance 
in patients receiving palliative chemotherapy.11 Given 
that the goal of LS’s therapy is to cure, it would be 
recommended to trial discontinuation of the PPI or 
to trial the use of an alternative such as short-acting 
antacids or a histamine-2 receptor antagonist for 
management of the gastroesophageal reflux disease 
during the course of adjuvant chemotherapy.

In addition to providing guidance on drug interac-
tions, the pharmacist can support LS in his treatment 
by reviewing the importance of continued good 
glycemic control to minimize risk of neuropathy. As 
described previously, oxaliplatin is commonly associ-
ated with peripheral sensory neuropathy that, in some 
cases, may be permanent and debilitating. This is of 
particular importance in younger, curative patients 
who may be saddled with symptoms for the remainder 
of their lives. A retrospective study demonstrated that 
the cumulative dose at which patients with diabetes 
developed peripheral neuropathy was lower compared 
with patients without diabetes.12 Because of this, LS 
should be counseled to report neuropathic symptoms 
such as persistent cold sensitivity, numbness, and 
tingling to his oncologist. 

Summary of Pharmacist’s Recommendations for LS
• Reinforce importance of moisturization of hands and 

feet with thick, unscented, alcohol-free moisturizer 
containing urea.

• Discontinue gout prophylaxis when it is no longer indi-
cated. Patients requiring continued prophylaxis during 
treatment with capecitabine may consider alternatives 
such as febuxostat or probenecid.

• Discontinue PPI when possible, using lifestyle 
modification and short-acting antacids as needed.

• Support good glycemic control and educate the 
patient on the risks of peripheral neuropathy 
with oxaliplatin. ■

   V I S I T  P H A R M A C Y T I M E S . C O M  F O R  R E F E R E N C E S .
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Novel Therapies Show Promise in HER2-Low 
Metastatic Breast Cancer
HER2-low disease demands a different approach from 
that of HER2-negative disease.
S O N I A  A M I N  T H O M A S ,  P H A R M D ,  B C O P

B REAST CANCER IS the most 
common cancer in the United 
States in women and the second-

leading cause of cancer-related deaths. 
Treatment selection for breast cancer 
depends on multiple factors and can 
be complicated, with early- and late-
stage breast cancers requiring different 
management goals and different options 
to meet those goals. Upon receiving a 
diagnosis, approximately 5% of patients 
with breast cancer have stage IV disease, 
with an overall survival (OS) of 30% and 
an average survival of 18 to 24 months. 
Additionally, approximately 20% to 
30% of patients with breast cancer 
have overexpression of HER2.1 In the 
management of metastatic breast cancer 
(MBC), treatment options have recently 

been updated regarding HER2 status.

HER2-Low Breast Cancer
HER2-low disease is defined as an immu-
nohistochemistry (IHC) score of 1+ or 2+ 
with a negative in situ hybridization (ISH) 
result and is seen in approximately 60% of 
patients with MBC. Historically, HER2-
low disease was managed as HER2-nega-
tive (HER2–) disease, resulting in limited 
treatment options. Most of the treatments 
to date have been ineffective, but a recent 
phase 3 trial shed light on a potential treat-
ment showing significant survival benefit.2

Fam-trastuzumab deruxtecan-nxki
The DESTINY-Breast04 trial 
(NCT03734029) is a phase 3 trial that 
looked at patients with HER2-low 

   about the author  
SONIA AMIN THOMAS, 
PHARMD, BCOP, is an 
associate professor 
of pharmacy practice 
in oncology at the 
Philadelphia School of 
Osteopathic Medicine 
School of Pharmacy, 
in Suwanee, a clinical 
oncology specialist and 
clinical pharmacist at 
Wellstar North Fulton 
Regional Hospital 
in Roswell, and an 
integrative nutrition 
health coach, all in 
Georgia.

©
 F

R
E

S
H

ID
E

A
 /

 A
D

O
B

E
 S

TO
C

K



BREAST CANCER  
HER2-LOW

29PHARMACY TIMES ONCOLOGY EDITION™
FEBRUARY 2023

©
 F

R
E

S
H

ID
E

A
 /

 A
D

O
B

E
 S

TO
C

K

metastatic breast cancer who had received 1 or 2 lines of 
chemotherapy. Patients received either standard single-
agent chemotherapy, such as capecitabine (Xeloda; 
Genentech), eribulin mesylate (Halaven; Eisai, Merck), 
gemcitabine (Gemzar; Eli Lilly), paclitaxel (Taxol; 
Bristol Myers Squibb), or nab-paclitaxel (Abraxane; 
Bristol Myers Squibb), or they received fam-trastuzumab 
deruxtecan-nxki (Enhertu; AstraZeneca, Daiichi Sankyo). 
The primary end point was progression-free survival 
(PFS). In patients with HR-positive (HR+) breast 
cancer, the median PFS was 10.1 months in the fam-
trastuzumab deruxtecan-nxki group vs 5.4 months in the 
chemotherapy group. Median PFS was 9.9 months in the 
fam-trastuzumab deruxtecan-nxki group vs 5.1 months 
in the chemotherapy group (P < .01), with both showing 
statistical significance. Common adverse effects (AEs) 
for fam-trastuzumab deruxtecan-nxki were nausea, 
fatigue, alopecia, vomiting, and neutropenia. These data 
confirmed the use of fam-trastuzumab deruxtecan-nxki in 
previously managed metastatic HER2-low breast cancer.3

Treatment Approaches
As previously noted, several drugs have been studied in 
HER2-low breast cancer, but some respond differently to 
the degree of HER2 positivity seen in IHC and ISH assays. 
In metastatic HER2-low breast cancer, fam-trastuzumab 
deruxtecan-nxki is the preferred option after patients fail to 
respond to 1 or 2 lines of chemotherapy.4

HER2+ MBC
HER2-positive (HER2+) disease accounts for approxi-
mately 15% of MBC and typically has a worse prog-
nosis due to tumor aggressiveness. Ado-trastuzumab 
emtansine (Kadcyla; Genentech) has been approved in 
this population based on the results of the EMILIA trial 
(NCT00829166). Approximately half of patients who 
do not have brain metastases at the time of diagnosis 
will develop them at some point. After first-line chemo-
therapy, second-line options apart from ado-trastuzumab 
emtansine now include fam-trastuzumab deruxtecan-
nxki, and third-line options include tucatinib (Tukysa; 
Seagen) combined with capecitabine and trastuzumab.2

Tucatinib
Tucatinib is a reversible tyrosine kinase inhibitor 
that targets HER2 disease and was studied in the 
HER2CLIMB trial (NCT02614794) in patients with 

HER2+ MBC who had been previously treated with 
trastuzumab, pertuzumab (Perjeta; Genentech), and 
TDM-1. The agent was found to have some PFS and OS 
benefit when added to trastuzumab and capecitabine as 
a third-line option. Diarrhea and hepatotoxicity were the 
most common AEs of tucatinib.5

Fam-trastuzumab deruxtecan-nxki
DESTINY-Breast01 (NCT03248492) was an open-label, 
single-group, phase 2 study in which fam-trastuzumab 
deruxtecan-nxki was investigated in the treatment of 
patients with HER2+ MBC who had been previously 
treated with ado-trastuzumab emtansine. Although the 
first part of the study focused mainly on safety and 
efficacy, the primary end points were met. Study results 
showed an overall response rate of 61%, median PFS of 
19.4 months, and OS of 24.6 months, with neutropenia, 
anemia, and nausea being the most common AEs. This 
led to its approval in patients with HER2+ MBC who had 
previously been treated with 2 or more anti-HER2–based 
regimens.6

Margetuximab-cmkb
Margetuximab-cmkb (Margenza; MacroGenics) is a 
fragment crystallizable–engineered, anti-HER2 IgG 
monoclonal antibody. It has similar targets to those of 
trastuzumab, with some differences. It was designed to 
have a tighter binding affinity than trastuzumab. The 
phase 3 SOPHIA trial (NCT02492711) demonstrated both 
PFS and OS. This led to its approval in patients with 
HER2+ MBC who had received more than 
2 anti-HER2 regimens in the third line.7

Triple-negative MBC
Sacituzumab govitecan-hziy
Sacituzumab govitecan-hziy (Trodelvy; Gilead Sciences) 
is a monoclonal antibody agent that has activity against 
TROP2, a calcium signal transducer that is overexpressed 
in approximately 80% of patients with triple-negative 
breast cancer (TNBC). Based on results from the phase 3 
ASCENT trial (NCT02574455), sacituzumab govitecan-
hziy showed some benefit.

Because sacituzumab govitecan-hziy targets TROP2, 
it was compared with chemotherapy during the trial. 
ASCENT is a randomized, double-blind study inves-
tigating sacituzumab vs single-agent chemotherapy 
commonly used for patients with metastatic TNBC  »
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who have experienced relapse from multiple lines 
of chemotherapy.

The data showed the sacituzumab govitecan-hziy 
group had an OS benefit of 12.1 months and PFS 
benefit of 5.6 months, whereas the chemotherapy 
group (who received eribulin, vinorelbine [Navelbine; 
Burroughs Wellcome], capecitabine, or gemcitabine) 
had an OS of 6.7 months and a PFS of 1.7 months. 
Furthermore, AEs including neutropenia, leukopenia, 
diarrhea, anemia, and febrile neutropenia were 
higher in the sacituzumab govitecan-hziy group. 
Results from the study showed a significant survival 
benefit with sacituzumab govitecan-hziy in patients 
with triple-negative MBC who had failed to respond 
to at least 2 prior lines of chemotherapy and did not 
have brain metastases. These results led to the FDA 
approval of sacituzumab govitecan-hziy on 
April 7, 2021.8

HR+/HER2– MBC
HR+/HER2– disease is one of the most common types of 
breast cancers (approximately 70% of cases) and 
has always shown a high expression of TROP2. Initial 
management of HR+/HER2– MBC includes hormone-
driven treatment. However, additional treatment after this 
initial treatment has not shown positive responses.

The open-label, randomized, phase 2 TROPiCS-02 
trial (NCT03901339) looked at sacituzumab govitecan-
hziy vs standard single-agent chemotherapy for MBC 
and included patients who had failed to respond to      
2 or more lines of chemotherapy. OS was 14.4 months 
with sacituzumab govitecan-hziy vs 11.2 months 
(P = .02) with chemotherapy, and diarrhea was the most 
common AE. Based on these results, sacituzumab 
govitecan-hziy is an agent that should be considered in 
HR+/HER2– MBC after patients fail to respond to 2 or 
more lines of therapy.9

Conclusion
Although advances have been made in the management 
of MBC and new drugs with increased survival benefits 
have become available, there is still room for further 
investigation to advance treatment options for patients 
with HER2-low MBC. ■
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Addition of Tremelimumab-actl to 
Durvalumab-Based Regimen May Broaden 
Clinical Activity in uHCC, mNSCLC
Both indications for the CTLA-4 inhibitor were approved 
by the FDA in 2022.
J A N E  L E E ,  P H A R M D ,  B C P S ,  B C O P ;  A N D  S A M A N T H A  B R O N G I E L ,  P H A R M D ,  B C O P

A PPROVED BY THE FDA for 2 
indications in 2022, tremelimumab-
actl (Imjudo; AstraZeneca) is 

a CTLA-4 inhibitor and the second 
agent in its class. The first approval 
was granted on October 21, 2022, for 
unresectable hepatocellular carcinoma 
(uHCC), followed by the approval on 
November 10, 2022, for metastatic non–
small cell lung cancer (mNSCLC) with 
no sensitizing EGFR mutation or ALK 
genomic tumor aberrations.

Mechanism of Action
Tremelimumab-actl is a human IgG2 
monoclonal antibody that targets CTLA-4, 
a negative regulator of T-cell activity. The 
drug works by binding to CTLA-4 and 
blocking the interaction with its ligands 
CD80 and CD86, releasing CTLA-4–   
mediated inhibition of T-cell activation.1 

Dosage and Administration
Tremelimumab-actl should be administered 
prior to durvalumab (Imfinzi; AstraZeneca) 
on the same day. It is infused over a period of 
1 hour, and patients should be observed for an 
additional hour following completion of treme-
limumab-actl infusion before durvalumab is 
administered (TABLE 1 and TABLE 2).1

Clinical Data
HCC
On October 21, 2022, the FDA approved 
tremelimumab-actl in combination with 
durvalumab for adult patients with uHCC. 
The FDA approval was based on results from 

the HIMALAYA trial (NCT03298451), a phase 
3, open-label, randomized, and multicenter trial 
that included 1171 patients with uHCC.2

HCC is the most common type of liver 
cancer, accounting for approximately 90% 
of cases. Infections by hepatitis B virus 
(HBV) and hepatitis C virus (HCV) are 
the main risk factors for HCC develop-
ment, although nonalcoholic steatohepa-
titis associated with metabolic syndrome 
or diabetes is becoming a more frequent 
risk factor in the Western World.3

The current National Comprehensive 
Cancer Network–preferred category 1 
first-line therapy for uHCC consists of 
atezolizumab (Tecentriq; Genentech) plus 
bevacizumab (Avastin; Genentech) and 
the recently approved tremelimumab-actl 
plus durvalumab combination. Other recom-
mended first-line agents include sorafenib 
(Nexavar; Bayer) (category 1), lenvatinib 
(Lenvima; Eisai) (category 1), durvalumab 
(category 2A, monotherapy not FDA 
approved), pembrolizumab (Keytruda; Merck) 
(category 2B), and nivolumab (Opdivo; 
Bristol Myers Squibb) (category 2B).

TABLE 1 .  DOSING FOR uHCC 1

Patients weighing ≥ 30 kg: tremelimumab-actl 300 mg 
IV as single dose in combination with durvalumab 1500 
mg at cycle 1/day 1 followed by single-agent durvalumab 
every 4 weeks

Patients weighing < 30 kg: tremelimumab-actl 4 mg/
kg IV as single dose in combination with durvalumab 
20 mg/kg at cycle 1/day 1 followed by single-agent 
durvalumab every 4 weeks

IV, intravenously; uHCC, unresectable hepatocellular carcinoma.

»
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In the HIMALAYA trial, patients were randomly 
assigned 1:1:1 to the combination arm of tremelimumab-
actl and durvalumab, the single-agent durvalumab arm, 
or the sorafenib arm. Adult patients with previously 
unmanaged uHCC, an ECOG performance status score 
of 0 or 1, Child-Pugh score in class A, and Barcelona 
Clinic Liver Cancer stage B or C were included. Exclu-
sion criteria included HBV and HCV coinfection, active 
or prior documented gastrointestinal bleeding within          
12 months, clinically meaningful ascites, hepatic enceph-
alopathy, and active or prior documented autoimmune 
or inflammatory disorders.4

The primary end point was overall survival (OS) 
in the tremelimumab-actl and durvalumab arm vs 
the sorafenib arm, whereas noninferiority for OS for 
durvalumab vs sorafenib was a secondary objective. 
The results of the trial showed that the tremelimumab-
actl and durvalumab arm had a statistically signifi-
cant OS benefit compared with the sorafenib arm 
(16.4 months vs 13.8 months; HR, 0.78; P = .0035). 
Median progression-free survival (PFS) was 3.8 
months vs 4.1 months (HR, 0.9; 95% CI, 0.77-1.05) 
and overall response rate was 20.1% vs 5.1% for the 
tremelimumab and durvalumab arm vs sorafenib arm, 
respectively.4 OS with durvalumab monotherapy was 
noninferior to sorafenib (HR, 0.86; 95.67% CI, 0.73-
1.03; noninferiority margin, 1.08).

NSCLC
On November 10, 2022, the FDA approved treme-
limumab-actl in combination with durvalumab and 
platinum-based chemotherapy for adult patients with 
mNSCLC with no sensitizing EGFR mutation or ALK 
genomic tumor aberrations. The FDA approval was based 
on results from the POSEIDON trial (NCT03164616), an 
open-label, phase 3 study that evaluated 1014 patients 
with mNSCLC in the first-line setting.5

Lung cancer is the leading cause of cancer death 
in the United States. Much progress has been made 
recently for lung cancer, including new targeted thera-
pies and immunotherapies associated with improved 
survival rates for patients with NSCLC. Furthermore, 
the addition of tremelimumab-actl to a durvalumab-
based regimen is expected to broaden clinical activity, 
potentially overcoming primary resistance to PD-L1 
blockade by enabling novel T-cell responses.6,7

In the POSEIDON trial, patients were randomly 
assigned 1:1:1 to durvalumab 1500 mg plus chemo-
therapy (D + CT) for up to 4 cycles of 21 days each 
followed by durvalumab 1500 mg once every 4 weeks 
until disease progression vs tremelimumab-actl 75 mg 
plus durvalumab 1500 mg and chemotherapy (T + D 
+ CT) for up to 4 cycles of 21 days each followed by 
durvalumab 1500 mg once every 4 weeks until disease 
progression, with 1 additional tremelimumab-actl dose 

TABLE 2.  DOSING FOR METASTAT IC  NON–SMALL  CELL  LUNG CANCER 1

Tumor 
histology

Patient
weight

Tremelimumab
dose

Durvalumab
dose Platinum-based chemotherapy regimen

Nonsquamous

> 30 kg

75 mg
every 3 weeks for 
4 cycles and a fifth 
dose at week 16 with 
durvalumab

1500 mg
every 3 weeks for 4 cycles, then every 4 weeks 
starting with cycle 5 until disease progression or 
intolerable toxicity

●  Carboplatin and nab-paclitaxel
or

●  Carboplatin or cisplatin and pemetrexed

every 3 weeks for 4 cycles and
optional pemetrexed therapy every 4 weeks 
from cycle 5 until disease progression or 
intolerable toxicity for patients receiving 
carboplatin or cisplatin and pemetrexed

< 30 kg

1 mg/kg
every 3 weeks for 
4 cycles and a fifth 
dose at week 16 with 
durvalumab

20 mg/kg
every 3 weeks for 4 cycles, then every 4 weeks 
starting with cycle 5 until disease progression or 
intolerable toxicity

Squamous

> 30 kg 75 mg
same as above

1500 mg
same as above

●  Carboplatin and nab-paclitaxel
or

●  Carboplatin or cisplatin and gemcitabine

every 3 weeks for 4 cycles< 30 kg 1 mg/kg
same as above

20 mg/kg
same as above
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after chemotherapy at week 16 vs chemotherapy alone 
(CT) for up to 6 cycles of 21 days each. Chemotherapy 
options comprised carboplatin (Paraplatin; Bristol 
Myers Squibb) plus nab-paclitaxel for patients with 
either squamous or nonsquamous histology, cisplatin 
or carboplatin plus gemcitabine for patients with 
squamous histology, and cisplatin or carboplatin 
plus pemetrexed (Alimta; Eli Lilly) for patients with 
nonsquamous histology.7

Patients in the study included those who had no 
previous systemic therapy for mNSCLC, an ECOG 
performance status 0 or 1, measurable disease 
according to RECIST v1.1.22 criteria, and tumors that 
had no sensitizing EGFR mutations or ALK rearrange-
ments (by local assessment).8 The primary end point 
was PFS and OS in D + CT vs CT, and the secondary 
end points were PFS and OS in T + D + CT vs CT. PFS 
was significantly improved with D + CT vs CT, with 
a median PFS of 5.5 months vs 4.8 months (HR, 0.74; 
95% CI, 0.62-0.89; P = .0009). Median OS was 13.3 vs      
11.7 months, and 24-month OS was 29.6% vs 22.1%, 
trending in favor of D + CT vs CT, but did not reach 
statistical significance (HR, 0.86; 95% CI, 0.72-1.02; 
P = .0758).7

For the secondary end points, median PFS was      
6.2 months vs 4.8 months with T + D + CT vs CT (HR, 
0.72; 95% CI, 0.60-0.86; P = .0003). Median OS was 
14 months vs 11.7 months (HR, 0.77; 95% CI, 0.65-
0.92; P = .0030), and 24-month OS was 32.9% vs 
22.1% for T + D + CT vs CT, respectively.7

Adverse Events
For patients with uHCC, the most common adverse 
events (AEs) in the HIMALAYA trial were rash, diarrhea, 
fatigue, pruritus, musculoskeletal pain, and abdominal 
pain. During the trial, the rate of AEs leading to discon-
tinuation was 8.2% in the combination arm.4,6

For patients with mNSCLC, the most common AEs 
seen in the POSEIDON trial (occurring in ≥ 20% of 
patients receiving T + D + CT) were nausea, fatigue, 
musculoskeletal pain, decreased appetite, rash, and 
diarrhea.7 These AEs, even with the addition of cyto-
toxic chemotherapy, are similar to the adverse reaction 
profile seen in patients who received tremelimumab-
actl with durvalumab in the HIMALAYA trial.

Warning and Precautions
Tremelimumab-actl has labeled warnings and precautions 
for immune-mediated adverse reactions, infusion-related 

reactions, and embryo-fetal toxicity. Immune-mediated 
adverse reactions, which may be severe or fatal and can 
occur in any organ system or tissue, include: immune-
mediated pneumonitis, colitis, hepatitis, endocrinopathies, 
dermatologic AEs, nephritis with renal dysfunction, and 
pancreatitis. Infusion-related reactions occurred in 2.6% of 
patients treated with tremelimumab and durvalumab.5

Pregnancy and Lactation
There are no available data on the use of tremelimumab-
actl in women who are pregnant. CTLA-4 plays a role 
in maintaining maternal immune tolerance to the fetus to 
preserve pregnancy and regulates immunity in the newborn. 
Based on this mechanism of action, tremelimumab-actl 
may increase the risk of developing immune-mediated 
disorders or altering the normal immune response. Animal 
studies have demonstrated an association between CTLA-4 
blockade and an increased risk of immune-mediated 
rejection of the developing fetus and fetal death.

Female patients with reproductive potential should 
be advised to use effective contraception during 
treatment with tremelimumab-actl and for 3 months 
after the last dose of tremelimumab-actl. In addition, 
because of the potential for serious adverse reactions 
in the breastfed child, female patients should be advised 
not to breastfeed during treatment with tremelimumab-
actl and for 3 months after the last dose.5 ■
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Teclistamab-cqyv Shows Promise 
in Relapsed/Refractory Multiple Myeloma Following 
4 Prior Lines of Therapy
Because of CRS and neurologic toxicity risk, 
the therapy is available through a REMS program. 

E M I LY  V I E H L ,  P H A R M D ,  B C O P 

T ECLISTAMAB-CQYV (TECVAYLI; 
Johnson & Johnson) has received 
accelerated approval from the FDA 

for the treatment of adult patients with 
relapsed/refractory (R/R) multiple 
myeloma (MM) who have received 
at least 4 prior lines of therapy, 
including a proteasome inhibitor, an 
immunomodulatory agent, and an anti-
CD38 monoclonal antibody. Although 
MM is generally treated by a combination 
of immunomodulatory agents, proteasome 
inhibitors, and anti-CD38 antibodies, 
after patients progress on these options, 
few other therapies are available and 
outcomes tend to be poor. 

An accelerated approval from the 
FDA allows for an abbreviated approval 
timeline using a surrogate end point to 
predict clinical benefit. Under the terms 
of the accelerated approval pathway 
for teclistamab-cqyv, which was granted 
on October 25, 2022, the FDA noted 
that continued approval may be 
contingent on verification and 
description of clinical benefit in 
confirmatory trial(s). 

Other approved therapies include          
2 chimeric antigen receptor (CAR) T-cell 
therapies, ciltacabtagene autoleucel 
(Carvykti; Janssen Biotech and Legend 
Biotech) and idecabtagene vicleucel 
(Abecma; Bristol Myers Squibb).1,2 CAR 
T-cell therapy, however, has limitations due 
to its risk of adverse events (AEs) 
and inaccessibility. 

The approval of teclistamab-cqyv was 
based on results from the MajesTEC-1 
trial (NCT03145181/NCT04557098), 

a phase 1/2, multicenter, open-label, 
single-arm study. The study included 
patients aged 18 years and older who had 
R/R MM and had previously received at 
least 3 prior lines of therapy.3 The median 
number of lines of prior therapy was 
5 (range, 2-14), with 100% of patients 
having previously received at least           
1 immunomodulatory drug, proteasome 
inhibitor, or anti-CD38 antibody. Overall, 
approximately 70% of patients had been 
exposed to at least 2 immunomodulatory 
drugs, at least 2 proteasome inhibitors, 
and at least 1 anti-CD38 antibody, 
and 81.8% had received a stem 
cell transplant.  

Mechanism of Action
Teclistamab-cqyv is an off-the-shelf bispe-
cific T cell–engaging antibody that binds 
to the CD3 receptor on T cells and B-cell 
maturation antigen expressed on MM cells 
and some healthy B-lineage cells. The drug 
then activates T cells and causes the release 
of proinflammatory cytokines, resulting in 
the lysis of MM cells.4

Dosage and Administration
The step-up dosing schedule for teclis-
tamab-cqyv is: 

•  0.06 mg/kg subcutaneously on day 1 
(step-up dose 1)

•  0.3 mg/kg subcutaneously on day 4 
(step-up dose 2)

•  1.5 mg/kg subcutaneously on day 7 
(first treatment dose)

•  1.5 mg/kg subcutaneously 1 week 
after first treatment dose and weekly 
thereafter
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Patients should be treated with teclistamab-cqyv 
until unacceptable toxicity or disease progression 
occurs. Premedications are recommended 1 to 3 hours 
prior to teclistamab-cqyv step-up doses; the first 
treatment dose should include a corticosteroid, an H1 
antagonist, and antipyretics. Premedications may be 
necessary prior to subsequent doses in patients who 
repeat doses within the step-up dosing schedule or 
who experience cytokine release syndrome (CRS), 
an inflammatory reaction characterized by fever and 
potential organ failure. Patients are at highest risk of 
CRS within the first 3 step-up doses, requiring hospi-
talization for monitoring for 48 hours after the first 
treatment dose and each step-up dose.4 

AE Profile
The most common AEs in patients receiving teclistamab-
cqyv are pyrexia (76%), injection site reaction (37%), 
fatigue (33%), musculoskeletal pain (44%), upper 
respiratory tract infection (26%), pneumonia (24%), 
nausea (25%), diarrhea (21%), and headache (25%). 
CRS occurred in 72% of patients, and tocilizumab 
(Actemra; Genentech) was administered to 36.4% of 
all patients who received teclistamab-cqyv. Neurotoxic 
events, including immune effector cell–associated 
neurotoxicity syndrome (ICANS), were reported in 
14.5% of patients, with most reported as grade 1 or 2 
events and 8.5% requiring supportive care with therapies 
including tocilizumab, dexamethasone (Decadron; Pfizer 
CentreOne), levetiracetam (Keppra; UCB), and gaba-
pentin (Neurontin; ACI).2

During MajesTEC-1 (NCT04557098), the investiga-
tors noted that 1 patient had a dose reduction during 
cycle 21 because of recurrent neutropenia, 63% of 
patients skipped a dose because of AEs, and 2 patients 
discontinued teclistamab because of AEs (grade 3 
adenoviral pneumonia and grade 4 progressive multi-
focal leukoencephalopathy). Additionally, 5 deaths 
occurred during the trial and were considered to be 
related to teclistamab. Specifically, 1 patient who died 
had discontinued teclistamab because of progressive 
multifocal leukoencephalopathy, 2 patients contracted 

COVID-19, 1 patient experienced hepatic failure, and 
1 patient contracted streptococcal pneumonia.4

Warnings and Precautions
Teclistamab-cqyv has a black box warning for CRS, 
requiring a step-up dosing schedule and inpatient moni-
toring for 48 hours after each of the first 3 doses. It 
also has a black box warning for neurologic toxicity, 
including ICANS. Because of these risks, the drug is 
available only through the Risk Evaluation and Miti-
gation Strategy (REMS) program Tecvayli REMS. 
Prescribers, pharmacies, and health care settings will 
need to be registered and certified in the program to 
prescribe, dispense, and treat patients with the drug.4 

Pregnancy and Lactation
No data are available for teclistamab-cqyv in pregnant 
women. However, because the agent is a humanized 
monoclonal antibody and IgG crosses the placenta, fetal 
exposure is expected, likely increasing as pregnancy 
progresses. Practitioners should verify pregnancy status 
prior to treatment initiation. Patients of childbearing 
potential should use contraception during therapy and for 
5 months after the last dose. 

Similarly, whether teclistamab-cqyv is present 
in breast milk is unknown. However, human IgG is 
present in breast milk, and it is expected teclistamab-
cqyv would also be present in breast milk. Breast-
feeding is not recommended during therapy and for     
5 months after the last dose of teclistamab-cqyv.4 ■
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Melanoma Armamentarium Progresses Toward 
Precision Therapy 
Novel drug development has been focused on the 
augmentation of the T-lymphocyte response.
A D A  G R I F F I N ,  P H A R M D  C A N D I DAT E ;  J O H N  PA R K E R ,  P H A R M D  C A N D I DAT E ;  A N D  M A R I LY N  N .  B U L LO C H ,  P H A R M D,  B C P S ,  F C C M

O F THE VARIOUS classifications of 
skin cancer, melanoma is one of 
the least common, accounting for 

approximately 1% of all skin cancers. 
Melanoma occurs when melanocytes, 
the skin cells responsible for producing 
pigment originating from the stratum 
basale in the epidermis, begin to 
proliferate outside normal cytostatic 
control mechanisms of the body. Risk 
factors for the occurrence of melanoma 
include UV light exposure, presence of 
moles, fair skin, light hair, freckling, male 
sex, and family history of melanoma.1 

Melanoma may be cutaneous (ie, 
uveal) or noncutaneous (ie, intraocular). 
Guidelines disseminated by the National 
Comprehensive Cancer Network refer 
specifically to the management of cuta-
neous melanoma.2 Additionally, noncuta-
neous forms rarely involve proliferation 
via the lymphatic system, and treatment 
options are limited.

Treatment and Prognosis 
for Cutaneous Melanoma
Four major genomic subtypes of cutaneous 
melanoma have been identified by The 
Cancer Genome Atlas in a multiplatform 
analysis of 333 cutaneous melanomas that 
are used to direct targeted therapy and 
clinical trial designs. The BRAF mutation 
is the most common subtype, occurring 
in more than 50% of cases, and is the 
only subtype with targeted drug therapy 
approved by the FDA. The RAS mutation 
is the second most common subtype (28% 
of cases), followed by NF1 (14%), and triple 
wild-type mutation (14%). Targeted therapies 

directed at the RAS mutation, NF1 mutation, 
and cases that involve triple wild-type genes 
are under investigation.2 

Among the standardized treatment 
options pertaining to the staging of 
cutaneous melanoma (Table2-4), surgical 
excision is the mainstay and first-line 
option for cutaneous melanomas that 
have not metastasized from the primary 
site.2 In stages involving further disease 
progression, sentinel lymph node biopsy 
or complete lymph node dissection prior 
to surgical excision is recommended. 
These procedures facilitate accurate 
“lymphatic mapping” and are useful for 
detecting metastatic melanomas. Results 
from sentinel lymph node biopsy may 
aid in clinical decision-making regarding 
appropriateness of adjuvant therapies. 
For patients with stage I and stage II 
disease, adjuvant therapy is generally 
not recommended outside a clinical 
trial setting.2 

Treatment options for patients with 
resectable stage III melanoma include 
checkpoint inhibitors and combina-
tion signal transduction inhibitors. The 
combination signal transduction inhibitor 
therapy dabrafenib (Tafinlar; Novartis 
Pharmaceuticals Corporation) plus 
trametinib (Mekinist; Novartis Pharma-
ceuticals Corporation) has shown benefit 
regarding relapse-free survival in patients 
with BRAF V600–activating mutations 
(V600K and V600E) and is recommended 
for this subset of resectable stage III 
melanoma. However, it is not recom-
mended to treat wild-type BRAF mutations 
with BRAF inhibitors because evidence 
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has shown that these therapies may promote tumor cell 
growth in patients with both wild-type BRAF mutations 
and upstream RAS mutations.3,4

For patients who have progressed to more severe 
stages despite PD-1 therapy, options include check-
point inhibitor regimens with ipilimumab (Yervoy; 
Bristol Myers Squibb), high-dose IL-2 (an endogenous 
cytokine), and the novel biopharmaceutical viral 
product talimogene laherparepvec (Imlygic; Amgen, 
Inc) for patients with injectable lesions.3,4  In general, 
immunotherapy and targeted therapy with signal 
transduction inhibitors are preferred for unresectable 
or distant metastatic disease, and cytotoxic therapy 
may be considered on a case-by-case basis.4

Select Novel Treatment Options
It is recommended that eligible patients enroll in clinical 
trials for adjuvant systemic therapies; updated and relevant 
clinical trial information involving chemotherapy, targeted 
therapy, immunotherapy, and surgical options is available    
on the National Cancer Institute’s website for review. 

As of March 15, 2022, 683 clinical trials are in the 
recruitment phase, with 301 ongoing trials pertaining 
to melanoma.5 Since 2015, novel drug development has 
focused on biopharmaceuticals and medications that 
augment the T-lymphocyte response, whereas the focus of 
current randomized controlled trials is primarily investi-
gating the comparison of BRAF/MEK targeted therapy 
and immunotherapy with checkpoint inhibitors.4

TABLE.  TREATMENT OVERVIEW FOR MELANOMA 2-4

Stage Standard therapy

Stage 0 In situ melanoma contained in the epidermal layer of skin Excision 

Stage I (IA, IB) Low-risk primary melanoma without metastases Excision and/or lymph node management (SLNB or CLND)

Stage II (IIA, IIB, IIC) Higher-risk primary melanoma without metastases Excision and/or lymph node management (SLNB or CLND)

Resectable stage III 
(IIIA, IIIB, IIIC, IIID)

Evidence of lymphatic spread 
and/or metastases 

Excision and/or lymph node management (SLNB or CLND)
Immunotherapy

●   Checkpoint inhibitorsa

Combination signal transduction inhibitors
●   Dabrafenib plus trametinib

Unresectable stage III 
(IIIA, IIIB, IIIC, IIID) Evidence of lymphatic spread and/or metastases

Intralesional therapy
●   T-VEC 
 
Immunotherapy
●   Checkpoint inhibitorsa

●   High-dose IL-2
●   Dual checkpoint inhibitionb

 
Signal transduction inhibitors
●   BRAF inhibitorsc

●   MAPK inhibitorsd

●   c-KIT inhibitors 
●   Combination signal transduction inhibitorse

●   Combination signal transduction inhibitors plus PD-L1 inhibitorf

 Chemotherapy
 Palliative local therapy

Stage IV Evidence of distant metastases; includes central nervous 
system metastases

CLND, complete lymph node dissection; SLNB, sentinel lymph node biopsy; T-VEC, talimogene laherparepvec.
aPembrolizumab (PD-1 inhibitor; Keytruda, Merck & Co, Inc), nivolumab (PD-1 inhibitor; Opdivo, Bristol Myers Squibb), ipilimumab (CTLA-4; Yervoy, Bristol Myers Squibb).
bIpilimumab plus nivolumab.
cVemurafenib (BRAF V600E inhibitor; Zelboraf, Genentech, Inc), dabrafenib (BRAF V600E; Tafinlar, Novartis Pharmaceuticals Corporation), trametinib (BRAF V600E or V600K; Mekinist, Novartis 
Pharmaceuticals Corporation).
dCobimetinib (MAPK inhibitor; Cotellic, Genentech, Inc) is approved for use in combination with vemurafenib. 
eDabrafenib plus trametinib, cobimetinib plus vemurafenib, encorafenib (Braftovi; Pfizer Inc) plus binimetinib (Mektovi; Array Biopharma Inc).
fCobimetinib and vemurafenib plus atezolizumab (Tecentriq; Genentech, Inc).
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Talimogene laherparepvec (T-VEC)
T-VEC is a viral immunotherapeutic option for local 
treatment of unresectable metastatic stage IIIB/C-IVM1a 
melanoma. Derived from herpes simplex virus, T-VEC is 
used for direct injection into certain types of lesions that 
generate a systemic immune response directed against 
cancer. The virus invades both healthy host cells and 
cancer cells, but it cannot replicate in healthy tissue due 
to a lack of infected cell protein 34.5. T-VEC also helps to 
generate granulocyte macrophage colony-stimulating factor, 
which is released and secreted during tumor cell lysis; this 
then leads to the presentation of cancer cell contents to 
cytotoxic T lymphocytes and marks them for destruction. 

T-VEC has been approved for unresectable meta-
static cancer since 2015. A study in 2021 evaluated 
T-VEC plus surgical resection vs resection alone 
and showed an improved recurrence-free survival of 
72.4% vs 79.7% (HR, 0.75; 80% CI, 0.58-0.96).6 The 
most common adverse events (AEs) included fatigue 
(50.3%), chills (48.6%), and pyrexia (42.8%), and the 
most common serious AE was cellulitis (2.1%). For 
some patients who are amenable to injections more 
than once monthly and can tolerate the AEs, T-VEC 
therapy may address slight disease progression regard-
less of candidacy for resection.6,7

Pembrolizumab (Keytruda; Merck & Co, Inc)
The intravenous immune checkpoint inhibitor, pembro-
lizumab, is well known since its FDA approval in 2014 
for the treatment of unresectable melanoma. Since its 
approval, pembrolizumab has been used in the treatment 
of 16 different types of cancer, including lung cancer, 
head and neck cancers, and Hodgkin lymphoma. 

In December 2021, the FDA approved pembroli-
zumab as an adjuvant treatment in patients with stage 
IIB or IIC melanoma following complete resection.8 
The KEYNOTE-716 study (NCT03553836), a multi-
center, randomized, double-blind, placebo-controlled 
trial in patients with completely resected stage IIB 
or IIC melanoma, showed statistically significant 
improvement in recurrence-free survival (HR, 0.65; 
95% CI, 0.46-0.92; P = .0132).9 Within 2 years, 11% 
of patients in the pembrolizumab group vs 17% of 
patients in the placebo group experienced disease 
progression or death.9 

The safety data from the KEYNOTE-716 trial were 
similar to data from KEYNOTE-054 (NCT02362594), 
which targeted therapy for resected, stage III mela-
noma. In the KEYNOTE-054 trial, 28% of patients 
experienced diarrhea, 19% had skin rash, 16% had 
arthralgia, and 14% developed a cough.9 Based on trial 
results, investigators found that pembrolizumab was a 
medication with a robust clinical experience that may 
offer some patients with resected, high-risk melanoma 
a chance to live longer without disease progression.

Tebentafusp-tebn (Kimmtrak; Immunocore Ltd)
Patients with noncutaneous melanoma have limited 
pharmacologic options aside from radiation and 
surgery. However, there is now a pharmacologic 
treatment option for metastatic uveal melanoma for 
HLA-A*02:01–positive patients. Available as a weekly 
injection, tebentafusp-tebn is a bispecific glycoprotein 
100 peptide/human leukocyte antigen–directed CD3 
T-cell engager used in the treatment of unresectable 
or metastatic uveal melanoma. Novel bispecific T-cell 
engager therapy augments cytotoxic T-cell activity 
by release of cytokines and cytolytic proteins, which 
leads to lysis of melanoma tumor cells.10 

A phase 2 trial (NCT03070392) of adults with 
metastatic uveal melanoma improved overall survival 
vs the investigator’s choice of pembrolizumab, ipili-
mumab, or dacarbazine (73% vs 59%; HR, 0.51; 95% 
CI, 0.37-0.71; P < .0001).10 The most common AEs 
were cytokine-related events such as chills (47.76%), 
hypotension (37.14%), and pyrexia (2.45%), as well 
as skin-related events such as rash (53.88%), erythema 
(24.49%), and pruritus (0.41%). The prescribing infor-
mation warns of risk of cytokine release syndrome.10 

HLA-A*02:01 is not an oncologic phenotype, but 
rather an inflammatory phenotype that confers risk of 
metastases but also therapy response. In patients with 
this phenotype, tebentafusp-tebn may improve overall 
survival, depending on the patient’s history of mela-
noma treatment and tolerability of the agent.11

Ipilimumab and nivolumab (Opdivo; Bristol Myers 
Squibb) plus sargramostim (Leukine; Partner 
Therapeutics, Inc)
The combination of ipilimumab, a CTLA-4 inhibitor, and 
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nivolumab, an intravenous PD-1 inhibitor, is an immuno-
therapeutic option for patients with advanced melanoma 
as well as other types of cancers. A phase 2/3 clinical 
trial (NCT02339571) assessing the efficacy and safety 
of this dual drug therapy, alongside sargramostim, was 
completed on October 20, 2021; patients enrolled in the 
study had been diagnosed with unresectable stage III to 
IV melanoma. 

Ipilimumab and nivolumab are designed to support 
the ability of the immune system to fight off cancer 
cells via reduced inhibition of cytotoxic T lympho-
cytes, whose function is “turned off” by cancer cells in 
many cancers. For this reason, ipilimumab combined 
with nivolumab is used in the treatment of stage IIB 
to stage IV melanoma, as well as gastric cancer and 
mesothelioma.12 

Sargramostim is a granulocyte-macrophage colony-
stimulating factor designed to increase the production 
of white blood cells. This combination of preexisting 
treatment options in the ipilimumab/nivolumab/
sargramostim regimen is thought to lead to a more 
pronounced immune reaction in the treatment of 
melanoma. The efficacy and safety results of this study 
are pending.

Conclusion
Pharmacists across the continuum of care are positioned 
to provide education to patients and providers on the 
optimal treatment options for patients with melanoma at 
all stages. Armed with specialized training pertaining to 
medication regimens and experiential wisdom on diverse 
oncological presentations, pharmacists are vital in 
providing recommendations on curative, palliative, and 
supportive treatment to patients with cancer. 

Pharmacists may also provide insight by analyzing 
clinical trials for novel treatment options and their 
subsequent pathway to the market. From helping guide 
oncologists in selecting the most appropriate chemo-
therapeutic regimen to providing feedback on clinical 
trial data in interprofessional settings to optimizing 
patient quality of life with pharmacologic AE manage-
ment, pharmacists continue to stand out as integral 
parts of the treatment team for patients with cancer. 

As new and more targeted treatment options surface 
for melanoma, pharmacists will be crucial in the selec-

tion, implementation, monitoring, and optimization of 
anticancer treatment therapies; they will also have a 
chance to showcase their ability to interpret the results 
of clinical trials as they relate to patient care. ■
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Immunotherapy Followed by Targeted Therapy 
Shows OS Benefit in BRAF-Mutated Melanoma
Each therapy presents a different but effective 
treatment option.
N O O R  N A F F A K H ,  P H A R M D ,  M S

M ELANOMA TREATMENT HAS 
progressed dramatically in the past 
decade. For patients with BRAF 

V600–mutated disease, immunotherapy 
and targeted therapy present different but 
effective treatment options.

Prior Treatment Approvals
BRAF is a potent oncogene that plays a 
critical role in the MAPK pathway. Consti-
tutive activation of this pathway may lead 
to cancer cell growth and proliferation. 
Approximately 50% of melanoma cases 
contain activating mutations in BRAF, with 
a majority (90%) occurring at the V600 
location.1

There are currently 3 approved BRAF/
MEK inhibitor (BRAF/MEKi) combina-
tions: encorafenib (Braftovi; Pfizer) and 
binimetinib (Mektovi; Pfizer), dabrafenib 
(Tafinlar; Novartis) and trametinib 
(Mekinist; Novartis), and vemurafenib 
(Zelboraf; Genentech) and cobimetinib 
(Cotellic; Genentech). All 3 combinations 
have shown improved progression-free 
survival (PFS), overall survival (OS), 
and objective response rates compared 
with BRAF inhibitor alone in BRAF-
mutated metastatic melanoma.2-5 In 2018, 
the combination of encorafenib plus 
binimetinib was approved by the FDA based 
on findings from the COLUMBUS trial 
(NCT01909453), which showed a median 
PFS of 14.9 months compared with 7.3 
months with binimetinib alone.2 Likewise, 
results from the COMBI-v (NCT01597908) 
and COMBI-d (NCT01584648) studies 
showed statistically significant improve-
ments in PFS and OS with combination 
dabrafenib and trametinib compared with 

BRAF inhibitor monotherapy.4,5

On the other end of the treatment 
spectrum, combination immunotherapy 
with CTLA-4 and PD-1 inhibitors ipili-
mumab (Yervoy; Bristol Myers Squibb) 
and nivolumab (Opdivo; Bristol Myers 
Squibb) was approved by the FDA in part 
based on results from the CheckMate 
067 study (NCT01844505).6 In the group 
with BRAF V600–mutated disease, OS at         
5 years was 60%.7

Immunotherapy and Targeted Therapy 
Sequencing
Optimal therapy sequencing for BRAF 
V600–mutated melanoma has been a 
long-standing question since the advent 
of the aforementioned FDA approvals. 
Two recently published trials, SECOMBIT 
(NCT02631447) and DREAMSeq 
(NCT02224781), aimed to investigate an 
answer to this question.

SECOMBIT
The SECOMBIT trial was a randomized, 
open-label, phase 2 study that took place 
from 2016 to 2019. Patients (N = 209) were 
randomly assigned 1:1:1 into 1 of 3 arms 
(FIGURE 18).

In arm A, patients received targeted 
therapy followed by immunotherapy. 
Specifically, they received the BRAF/
MEKi combination of encorafenib plus 
binimetinib until progressive disease (PD) 
followed by combination ipilimumab 
and nivolumab once every 3 weeks for           
4 cycles. This was followed by nivolumab 
monotherapy every 2 weeks.

In arm B, patients received immuno-
therapy with ipilimumab plus nivolumab 
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until PD followed by targeted therapy with encorafenib 
plus binimetinib. Finally, in arm C, investigators used 
a sandwich approach with an 8-week BRAF/MEKi 
targeted therapy induction phase followed by combina-
tion immunotherapy until PD. This was followed by 
targeted therapy.8

Baseline characteristics were similar in the 3 arms. 
The primary end point was OS at 2 years. Secondary 
end points included PFS, 3-year OS, best overall 
response rate, and duration of response (DOR). The 
OS end point was met for all arms, with 2-year and 
3-year OS reported in the TABLE.8 Patients in arm B 
(immunotherapy followed by targeted therapy) had 
a numerically higher overall response rate of 45% 
compared with those treated in arm A (targeted therapy 
followed by immunotherapy), who had an overall 
response rate of 26%. The sandwich arm C did not 
show any survival or response benefit over arm B.

In the SECOMBIT trial, Atkins et al concluded 
that sequential immunotherapy and targeted therapy 
provided clinically meaningful survival benefits 
for patients with BRAF V600–mutated melanoma. 
However, it is important to note that this trial was a 

noncomparative study, meaning that the arms were not 
formally compared by any statistical test.8

DREAMSeq
Another recently published trial by Atkins et al was simi-
larly designed to look at the question of immunotherapy 
and targeted therapy sequencing. The DREAMSeq study 
was a phase 3 trial with 265 enrolled patients from 2015 
to 2021.9

In step 1 of the trial, patients were randomly 
assigned to arm A (combination of ipilimumab and 
nivolumab) or arm B (combination of dabrafenib and 
trametinib). After experiencing disease progression, 
patients were enrolled in step 2 alternate therapy: arm 
C (dabrafenib and trametinib) or arm D (ipilimumab 
and nivolumab) (FIGURE 29). Unlike the SECOMBIT 
trial, DREAMSeq did not include a sandwich arm.

The primary end point of the trial was also 2-year 
OS, with secondary end points of 3-year OS, PFS, 
overall response rate, and response duration. The 
2-year OS for those who started in arm A was 71.8% 
(95% CI, 62.5-79.1) and 51.5% (95% CI, 41.7-60.4) 
for those who began in arm B.9 This was comparable 
to OS results reported in the SECOMBIT trial.8

For those patients who experienced response in 
step 1, median DOR was longer for those in the arm 
A immunotherapy group (not reached [NR]; range,    
29.3 months-NR) than those in the arm B BRAF/MEKi 
group (12.7 months; range, 8.2 months-NR). Further-
more, the authors concluded that immunotherapy 
appeared to be less effective when used after progres-
sion on BRAF/MEKi targeted therapy than when used 

FIGURE 1 .  SECOMBIT  STUDY DES IGN 8

PD, progressive disease; R, randomly assigned.

TABLE.  MEDIAN 2- AND 3-YEAR OS RESULTS ACROSS SECOMBIT ARMS8

Arm (N =209) 2-year OS 3-year OS

Arm A (n = 69) 65% (95% CI, 54-76) 54% (95% CI, 41-67)

Arm B (n = 71) 73% (95% CI, 62-84) 62% (95% CI, 48-76)

Arm C (n = 69) 69% (95% CI, 59-80) 60% (95% CI, 58-72)

OS, overall survival.
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in the first-line setting.9 This trend was also seen in 
the SECOMBIT study.8

Key Takeaways
Based on findings from the SECOMBIT and DREAMSeq 
trials, initiating immunotherapy followed by targeted 
therapy for metastatic or unresectable BRAF V600–
mutated melanoma appears to provide clinical benefit 
with improved outcomes including OS.8,9 In an article 
that accompanies the SECOMBIT publication, Chandra 
et al comment that although the sequence of immuno-
therapy followed by targeted therapy may provide better 
outcomes in many patients, this sequence may not be 
appropriate for all patients. They further explain that 
a certain subset of patients may present with disease 
that is rapidly progressive and this population may not 
have time or the ability to mount an immune response 
secondary to immunotherapy in the first line. In this 
situation, starting with BRAF/MEKi targeted therapy 
or using an approach similar to the SECOMBIT arm C 
sandwich may be more appropriate.10 Although there 
remains a great need for the discovery of biomarkers and 
elucidation of resistance mechanisms to guide therapy 
selection more optimally, combination immunotherapy 
should be utilized in the first-line setting for advanced 
BRAF-mutated melanoma. ■
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Introduction
A common misconception is all oncology pharmacists do the 
same thing. In fact, there are multiple unique and critically 
important roles for pharmacists providing cancer care. 
As pharmacists have been involved in the care of patients 
with cancer for multiple decades, their roles have continued 
to evolve to meet needs related to the growing complexity 
of therapies and the health care landscape in collaboration 
with multidisciplinary oncology teams and their patients.1,2 

A systematic literature evaluation by Segal and colleagues 
highlighted 66 peer-reviewed studies that validate positive 
outcomes in 4 key areas of care provided by an oncology 
pharmacist.3 This white paper will detail 7 distinct roles and 
numerous, often unrecognized ways oncology pharmacists 
add value to cancer care. 

Pharmacists can play a key role in oncology decision making 
alongside physicians, patient advocates, and advanced practice 
professionals (APPs). The total number of oncology pharmacists 
across the country is difficult to capture, as not all oncology 
pharmacists pursue board certification in oncology.4 As of 2021, 
the Hematology/Oncology Pharmacy Association (HOPA) 
included approximately 3000 members.5 

Oncology pharmacists practice in a variety of roles (FIGURE 16) 
and diverse work locations (FIGURE 27). William Soliman, PhD, 
BCMAS, Founder and CEO, Accreditation Council for Medical 
Affairs (ACMA), contextualized the evolution of oncology 
care providers, saying, “In the past 15 years, there’s been an 
increasing diversity and complexity of pooled stakeholders.” 

Pharmacists work in a variety of roles in oncology pharmacy, 
many of them without specific training in oncology. Colleges 
of pharmacy provide a median of 42 hours didactic oncology 
coursework.8 In addition, approximately 15% of students take 
a required or elective oncology Advanced Pharmacy Practice 

The vision of the Hematology/Oncology Pharmacy 
Association (HOPA) is that all individuals affected 
by cancer have a hematology/oncology pharmacist 
as an integral member of their care team.2 Oncology 
pharmacists are making this happen in a variety of ways, 
but as explained by Larry Buie, PharmD, BCOP, FASHP, 
President of HOPA, “Many patients still don’t know that 
an oncology pharmacist is actually on their team.” 

This is, in part, because many of the functions an 
oncology pharmacist performs are less visible to 
patients and health care stakeholders. Nevertheless, 
oncology pharmacists can add tremendous value 
to cancer care in multiple ways. The nuances within 
their practices and skill sets create diversity in 
the educational needs for oncology pharmacists 
practicing in a variety of different roles. “It’s difficult 
for me to imagine any part of cancer treatment today 
that could exist without the work of our pharmacy 
professionals,” said Justin Klamerus, MD, MMM, 
President of Karmanos Cancer Hospital, Network & 
Specialty Pharmacy. “With the growing number of 
therapeutic options available to patients with cancer, 
the role of the oncology pharmacist is only increasing 
over time.”

Pharmacists have been involved in cancer care for 
more than 70 years.1 Oncology pharmacists now 
permeate every aspect of oncology care. Some 
of their roles are highly visible to patients and the 
health care community; however, others are less well 
recognized. Oncology pharmacists are as diverse as 
the cancers they manage and have key roles in the 
following areas of the cancer care continuum:

1. Infusion center or decentralized hospital 
pharmacist

2. Inpatient clinical pharmacist
3. Practice manager
4. Ambulatory care pharmacist
5. Specialty pharmacist
6. Managed care
7. Academia

SEO keywords
oncology pharmacist, collaborative practice agreement, toxicity, adherence, value, role, financial, education 

Amy H. Seung, PharmD, BCOP, FHOPA, CHCP, is the Vice President of Scientific Affairs, PTCE;
James Palatine, RPh, MBA, is the President of PTCE/PER; and

Julianna Merten, PharmD, BCPS, BCOP, is the Chief Executive Officer of Chimeric Medical Communications.

Oncology Pharmacists 
Bring Value and Contribute 

to Cancer Care
Amy H. Seung, James Palatine, and Julianna Merten

KEY FINDINGS



44 PHARMACYTIMES.ORG
FEBRUARY  2023

WHITE PAPER
PHARMACISTS IN CANCER CARE

Experiences typically lasting 4 to 6 weeks.8 Pharmacists may 
elect to pursue additional training through a Post Graduate 
Year (PGY) 1 Pharmacy Practice Residency and/or PGY2 
Oncology Pharmacy Residency. As of May 31, 2022, there 
were 122 PGY2 Oncology Pharmacy Residency programs 
and over 200 oncology pharmacist residency positions in the 
United States listed in the American Society of Health-System 
Pharmacists (ASHP) Residency Directory.9 These experiences 
are organized, directed, accredited, 1-year programs that build 
upon knowledge, skills, attitudes, and abilities gained from 

an accredited professional pharmacy degree program.10 In the 
experience of Leigh Boehmer, PharmD, BCOP, Chief Medical 
Officer, Association of Community Cancer Centers, “Far more 
often than not, you will not have a PGY2-trained board-certified 
oncology pharmacist (BCOP) in a community oncology practice. 
More likely,” he said, “you will find a PGY1-trained pharmacist 
or a pharmacist practicing in another area for 10 or more years 
who has transitioned to oncology pharmacy.”

BCOP is a credential awarded by examination to pharmacists 
who have demonstrated advanced knowledge and experience 
managing cancer-related and drug-related adverse effects 
(AEs) or clinical situations not encountered in other disease 
states due to the increasing number and complexity of drug 
therapies to treat and prevent cancer.11 Approximately half of 
the HOPA membership reported achievement of BCOP.6 There 
are currently more than 3600 BCOPs, with a small percentage 
of those residing outside of the United States.11,12 Buie offered 
a brief definition of a BCOP, explaining, “A BCOP is often the 
point person for the patient who interfaces with staff working in 
the infusion pharmacy, pharmacists in specialty pharmacy, and 
with pharmacy technicians involved in prior authorization, to 
make sure that all of the patient care needs are met.” 

Not All Oncology Pharmacists Are Created 
Equal 
1. Infusion Center or Decentralized Hospital Oncology 
Pharmacist 
The person most often portrayed as an oncology pharmacist 
is the one responsible for preparing chemotherapy for 
patients. Oncology pharmacists are responsible for sterile 
compounding of chemotherapy and ensuring the patient 
receives therapy appropriate for their disease indication, 
drug interactions have been addressed, and the dose is 
appropriate for the patient’s comorbidities and prior toxicity 
profile, organ function, and body weight.2 They verify the 
chemotherapy and appropriate premedications have been 
prepared correctly by a pharmacy technician before releasing 
medication to the nursing staff. Pharmacists practicing in this 
role have often completed a competency or training program 
in oncology developed at their institution, and some have 
competed a PGY1 Pharmacy Residency.

FIGURE 1. ROLE OF ONCOLOGY PHARMACISTS IN THE 
HEMATOLOGY/ONCOLOGY PHARMACY ASSOCIATION6
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2. Inpatient Clinical Oncology Pharmacist
Working side-by-side with the care team in the hospital, an 
inpatient clinical oncology pharmacist often rounds with the 
medical team daily and provides medication-related services 
to all patients.2 Often, many pharmacists serving in this role 
have completed both PGY1 Pharmacy Practice and PGY2 
Oncology Specialty residencies and have achieved BCOP. 
They may perform or provide oversight for the team delivering 
medication reconciliation at admission and discharge. They also 
educate patients, verify all medication orders including those 
for anticancer therapy, and ensure appropriate follow-up is 
scheduled. Following a thorough patient review of laboratory 
and diagnostic data, medications, and clinical notes, they 
provide recommendations for changes in medications to the 
care team and answer drug information questions during patient 
care rounds.5 MiKaela Olsen, DNP, APRN-CNS, AOCNS, 
FAAN, Clinical Program Director for Oncology, Johns Hopkins 
Hospital and Health System, commented, “It’s so important to 
have our clinical oncology pharmacist on rounds on the inpatient 
side with their advanced knowledge to help with everything 
related to the care and the discharge of the patient, from toxicity 
management and drug-drug interactions to drug levels.”

3. Practice Management Oncology Pharmacist 
While their title may vary (eg, clinical coordinators, leads, 
managers, assistant or associate directors, and directors), 
pharmacy practice managers are administrators that oversee 
personnel, facilities, inventory, and budgets to ensure smooth 
operation of the oncology pharmacy. Ambulatory operations 
pharmacists are frequently the decision makers within the 
practice, and they are involved in a variety of committees 

ranging from the Pharmacy and Therapeutics committee to 
Medication Safety and Clinical Practice committees. Olsen 
described them as, “The right-hand person to improve 
nursing workflow, patient flow, patient satisfaction, and to 
keep things running smoothly.” 

Anticancer therapies account for 20% to 35% of nonfederal, 
hospital drug budgets, therefore practice management 
pharmacists play a key role in manufacturer and payer contracts, 
managing approvals of high-cost medications and reviewing 
the pipeline of investigational agents to determine budget 
impacts.2,13 Klamerus offered insight based on his practice, 
offering, “One example is the compliance and regulatory piece 
with the 340B Drug Pricing Program becoming more and more 
complex; pharmacy leadership really runs that for our health 
system.” 

Practice management oncology pharmacists guide 
development and implementation of pharmacy services, 
guidelines, policies, and procedures including those that 
serve to fulfill Quality Oncology Practice Initiative (QOPI) 
metrics.2,14 Olsen shared, “Johns Hopkins is embarking upon a 
huge project in its cancer center in collaboration with pharmacy 
to move chemotherapy (high-dose methotrexate and high-
dose cytarabine) to the ambulatory setting using the National 
Comprehensive Cancer Network toolkit.” 

Pharmacy has an integral role in systems project work and 
quality improvement projects. “Oncology pharmacists are 
one of the cancer program’s single greatest assets in terms 
of documentation and pilot projects used for Commission on 
Cancer Accreditation by the American College of Surgeons 
because of our ability to bring people together and come up with 
problem statements and projects that can address site-specific 

FIGURE 2. WORK LOCATION OF ONCOLOGY PHARMACISTS IN THE HEMATOLOGY/ONCOLOGY PHARMACY ASSOCIATION7
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issues,” underscored Boehmer. 
Leaders in this capacity often pursue a master’s degree in 

health care administration or business administration in addition 
to BCOP and completion of a PGY1 and PGY2 Oncology 
Pharmacy Residency training. Boehmer shared views on the 
oncology pharmacist. “The oncology pharmacist is the prototype 
of a democratic health care clinician who can pull in all of the 
different perspectives and value equations of the operational, 
clinical, and administrative C-suite teams,” he said. “They 
work to marry the clinical and operational aspects of oncology 
patient care. Take, for example, rapid-rate rituximab infusion. 
This improves patients’ quality of life by reducing time spent in 
clinic, reduces chair time and nursing time, and is really a good 
thing for everyone.”

4. Ambulatory Clinical Oncology Pharmacist 
Not all oncologists are lucky enough to have an oncology 
pharmacist sitting beside them in the clinic, but those who 
do find enormous value in their assistance managing drug-
drug interactions, adjusting doses for patients with organ 
dysfunction, and managing chemotherapy-induced AEs (eg, 
nausea/vomiting, constipation/diarrhea, peripheral neuropathy, 
infections).2 Most pharmacists serving in this capacity have 
completed both PGY1 Pharmacy Practice and PGY2 
Oncology Specialty residencies and have achieved BCOP. 

Collaborative practice agreements are often used to delegate 

prescribing privileges and laboratory monitoring to ambulatory 
clinical oncology pharmacists.15,16 In Klamerus’ practice, 
pharmacists have touchpoints in several areas. He shared, “We 
are embedding pharmacists within our ambulatory clinics for 
specialty medication management, not only in oncology but in 
neurology and even primary care.” 

With the shift of almost one-fourth of all chemotherapy to 
oral regimens, ambulatory clinical oncology pharmacists are 
essential partners in patient education, routing medications 
to the appropriate pharmacy, managing prior authorizations, 
and monitoring medication adherence and patient-reported 
outcomes.15,17 Emily Mackler, PharmD, BCOP, Director 
of Pharmacists Optimizing Oncology Care Excellence in 
Michigan and Board Director, At Large, HOPA, explained this 
concept. In her observation, one of the biggest impacts from 
having an oncology pharmacist in the clinic is through enhancing 
patient confidence and ability for self-care management, 
especially with oral oncolytics and immunotherapy. “Oncology 
has changed over the past decade from a closed system where 
patients are managed in an infusion clinic by an oncologist to 
one with a lot of external influences, as the patient has to take 
medication on their own at home and their medications might 
come from multiple different pharmacies,” she said. 

Olsen also shared the model at her institution. “The ambulatory 
care clinical pharmacists work closely within disease-specific 
teams to assess adherence and toxicities and improve outcomes 
in those areas, and they then coordinate filling the medication at 
the specialty pharmacy,” she said. 

5. Specialty Pharmacy Oncology Pharmacist
Providing assistance navigating financial toxicity and 
monitoring patient-reported outcomes and medication 
adherence for patients with rare and/or complex chronic 
diseases is what makes a specialty pharmacist special.15 
Specialty medications accounted for half of total 
pharmaceutical expenditures in the United States in 2020.13 
Specialty pharmacists support prior authorization and navigate 
financial assistance, monitor AEs and medication adherence, 
and provide patient and caregiver education.18 “Pharmacists 
in specialty pharmacy are increasingly being depended on 
to be the therapeutic contact in the growing area of oral 
medications for cancer treatment,” emphasized Klamerus. 

Specialty pharmacy services are considered a high touch 
point service because the pharmacy proactively connects 
with the patient to monitor adherence, AEs, and drug-drug 
interactions while ensuring on-time medication refills.19 The 
specialty pharmacy team helps patients who utilize multiple 
health care providers for comorbid conditions and have frequent 

FIGURE 3. BEST-PRACTICE STRATEGIES FOR MANAGED CARE 
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admissions and discharges from health care facilities navigate 
these transitions of care.20

Pharmacists practicing in specialty pharmacy most often 
complete an internally developed training program; having a 
BCOP available in the organization to be involved with practice 
management and quality improvement for oral chemotherapy is 
recommended.2  Pharmacists practicing in specialty pharmacy 
may be awarded a certified specialty pharmacist credential by 
examination after demonstration of intermediate knowledge and 
skill to provide competent specialty pharmacy services.21

6. Managed Care Pharmacist
Pharmacists in managed care draft strategies to optimize 
evidence-based prescribing, formulary management and 
adherence to National Comprehensive Cancer Network 
guideline recommendations.22 Managed care pharmacists 
develop and execute prior authorization and step therapy 
criteria, design drug benefit plans, provide medication 
therapy management services, and serve as medication 
experts to ensure high-quality and cost-effective care is 
provided to patients.23 Pharmacists in managed care roles 
coordinate implementation of “best-practice strategies” in 
cancer care (FIGURE 322-24).24

Recent data indicate two-thirds of oncology providers sampled 
are using pathways or guidelines in some way to provide cancer 
care.25 While oncology pathways may be developed by payers, 
health care organizations, or external vendors, all of them rely 
on pharmacist expertise for pathway development. 

7. Academic Oncology Pharmacist
Many oncology pharmacists have a role in academia as 
professor or adjunct professor in a school of pharmacy or 
school of medicine or as an academic researcher.2 These 
pharmacists help to expand the reach of oncology pharmacists 
by engaging pharmacy students and residents in the 
provision of pharmaceutical care for patients with cancer.26 
Boehmer emphasized, “At their core, virtually all oncology 
pharmacists are educators. They educate patients, nurses, 
nurse practitioners, physician assistants, medical and pharmacy 
students and residents, oncology fellows, and physicians.”

Oncology pharmacists serve patients with cancer in many 
other capacities. Their key roles include investigational drug 
pharmacists responsible for coordinating dispensing and 
appropriate use of investigational drugs in accordance with 
legal, professional, institutional, and sponsor requirements.27 
The support of an informatics pharmacist is critical to the 
safe and consistent provision of drug therapy.2 Oncology 
pharmacists are also found in regulatory agencies and the 

pharmaceutical industry within research and development, 
medical affairs, and the commercial teams; population health 
management; medical communications; legal offices; and 
national professional associations. In a humorous tone,  Boehmer 
added, “It’s like 6 degrees of Kevin Bacon, if you look for new 
leadership opportunities in a parallel industry, you’ll find an 
oncology pharmacist.”

Specific Ways Oncology Pharmacists 
Add Value
Decrease Oncologist Workload
Data from the American Society of Clinical Oncology 
(ASCO) and Centers for Medicare and Medicaid Services 
(CMS) project a shortage of oncologists to adequately care for 
the growing population of patients with cancer.28,29 Oncology 
pharmacists have been proposed as one solution to alleviate 
the strain on providers.4,30 One study estimated that BCOPs 
could provide patient care for 2.6 million to 3.3 million of the 
projected 9.4 million to 15.4 million visits missed annually 
due to a shortage of oncologists.30 In speaking with community 
oncologists in private practice, Klamerus noted, “An issue 
that they face and increasingly talk about is the difficulty they 
have in doing their work without the same level of oncology 
pharmacy support hospitals and health systems have. Many 
of those private practices are struggling to provide the same 
levels of safety, the same levels of oversight, the same levels 
of chemotherapy safe handling and admixture, and the same 
pace of rapid implementation of new therapies.” 

Oncology pharmacists decrease physician and APP workload 
by performing tasks typically completed by physicians, including 
providing disease state and symptom management, interpreting 
next-generation sequencing results, providing immunizations, 
resolving delays in insurance coverage, obtaining coverage for 
off-label medications, and educating patients.31-33 Nearly 75% 
of new drug approvals are in oncology, which poses many 
challenges that pharmacists can help to overcome including 
staying up-to-date with new therapies, educating patients, and 
implementing electronic health record changes. “Each of us 
knows cancer care is only getting more and more complex as we 
move forward,”  Klamerus underscored. Oncology pharmacists 
add tremendous value to cancer care in multiple ways (FIGURE 4).

Manage Symptoms 
Over time, pharmacists have moved out of the dispensing 
pharmacy and into direct patient care roles. A randomized, 
multicenter trial published in 2021 demonstrated the value 
of oncology pharmacists in managing symptoms for patients 
receiving oral oncolytic therapy.34 Patients randomized 
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FIGURE 4. ONCOLOGY PHARMACISTS ADD VALUE IN CANCER CARE*

*This image was developed by PTCE and is synthesized from the evidence included in references 31-98.
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to intensified pharmaceutical care received 4 additional 
counseling sessions covering medication management, AE 
prevention and management, and adherence counseling. 
Patients receiving intensified care from oncology 
pharmacists reported fewer overall medication AEs (HR, 
0.44; 95% CI, 0.30-0.66) and fewer AEs related to oral 
oncolytic therapy (HR, 0.35; 95% CI, 0.22-0.54). There was 
a reduction in the combined end point of severe AEs (>3), 
treatment discontinuation, unscheduled hospitalization, and 
death (HR, 0.48; 95% CI, 0.32-0.71; P = .001) in patients 
receiving intensified pharmaceutical care. Unscheduled 
hospital admissions were reported in 3% in the intervention 
group and 14% in the control group (OR, 0.13; 95% CI, 
0.02-0.46; P = .004) and treatment discontinuation within 
12 weeks was reported in 19% in the intervention group 
and 31% in the control group. Multiple other studies have 
demonstrated the value of oncology pharmacists in the care of 
oncology patients.2,3,35,36

Improve Patient-Reported Outcomes
The value of patient-reported outcomes (PROs) has been 
recognized by providers and payers alike. In the proposal 
from the CMS Innovation Center for the successor program 
to the Oncology Care Model (OCM), called Oncology Care 
First (OCF), CMS included implementation of electronic 
PROs for symptom monitoring during cancer treatment as 
a new requirement.37 Pharmacists in specialty pharmacies, 
ambulatory oncology clinics, and infusion clinics are poised 
to facilitate implementation of this requirement.14 Mackler 
described a model using PROs to screen for patients at higher 
risk for poor outcomes, coined Rapid-PRO, for patients to 
report common symptoms using the Edmonton symptom 
assessment scale, with 2 questions on medication adherence 
and an assessment of confidence in self-management of 
symptoms.38 “This tool allows us to identify high-risk patients 
for the pharmacist to meet with,” she said. 

Pharmacists are also spearheading projects using electronic 
reporting of PROs through text messaging. Hough and 
colleagues observed reductions in unplanned health care 
use in the 2-week period after receipt of highly emetogenic 
chemotherapy when patients reported symptoms of nausea/
vomiting via text message survey and pharmacists responded 
if needed to address symtpoms.39 

Prescribe Medications via Collaborative Practice 
Agreement
Approximately one-third to one-half of pharmacists surveyed 
report participation in a collaborative practice agreement 

(CPA) with an oncologist to facilitate care of hematology/
oncology patients.16,40,41 The most common functions 
pharmacists provide under a CPA include adjusting 
medications; ordering, interpreting, and monitoring lab 
tests; developing therapeutic plans; and educating patients.16 
Pharmacists in oral oncolytic clinics frequently employ 
CPAs to refill medications and adjust doses based on 
disease indication, organ function, drug-drug interactions, 
or toxicity.42 Use of CPAs in this setting is associated with 
significant decreases in turnaround time to fill prescriptions (7 
minutes vs 2.3 days) and increased oncologist satisfaction.42 
Pharmacists also use CPAs to manage frequently encountered 
toxicities of chemotherapy.43

Interpret Next-Generation Sequencing and 
Pharmacogenomic Testing
Pharmacists are increasingly at the forefront of efforts to 
drive precision medicine in oncology as providers struggle to 
translate the results of next-generation sequencing into patient 
care.32,44,45 Multiple practice models for molecular tumor 
boards have been described with pharmacists participating 
in triaging patients to a medication with an FDA-approved 
indication for a given genomic mutation and tumor type, to 
a genomic-matched medication FDA approved for a different 
tumor type, or to an early-phase clinical trial. In addition, 
some pharmacists aid in acquisition of off-label therapy.

Manage the Cost of Cancer Care
More often than not, the value of the oncology pharmacist is 
undocumented. “The cost of cancer care is spiraling out of 
control,” explained Boehmer. He shared specific strategies to 
manage costs of care through their positions on care teams, 
saying, “Oncology pharmacists are uniquely poised to help 
through adoption of biosimilars, cost-conscious prescribing, 
early identification and mitigation of treatment-related AEs so 
patients can stay on therapies, monitoring and assessment of 
adherence, and barriers to medication access and adherence.”  

Mackler highlighted the role of pharmacists in a global 
manner. She cited an example from the US Oncology Network 
that showed review of chemotherapy orders by an oncology-
trained pharmacist over a 10-week period resulted in 49.2% of 
orders needing modification.46 Modifications included dose-
rounding, product substitution or a clinical change to supportive 
care, anticancer medication dose or frequency, or need for 
additional monitoring. These measures led to a reduction in 
the total cost of care for medication expenses of $462,305 
resulting in a return on investment for the pharmacist compared 
with margin improvement of 590%. In her experience, too, 
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Mackler said, “Implementation of decision-making pathways, 
biosimilar adoption, dose-rounding, and other related aspects 
are tasks a pharmacist can do up front to streamline the process 
of medication utilization and make sure it’s as appropriate and 
safe for the patients as possible.”

Other examples of oncology pharmacists mitigating the rising 
cost of cancer care abound. An evaluation of the implementation 
of a pharmacist-managed interdisciplinary oral chemotherapy 
program in a community cancer center reported an estimated 
50% to 60% increase in oral oncolytic prescriptions being filled 
within the health system, which was linked to an estimated 
increase in annual revenue of $2.4 million.47 The implementation 
of a hemostatic and antithrombotic stewardship program that 
employs a pharmacist to monitor and ensure appropriate clinical 
management of all patients receiving an intravenous direct 
thrombin inhibitor or coagulation factor and those receiving 
mechanical circulatory support or extracorporeal membrane 
oxygenation was associated with an annual cost avoidance of 
$1,449,417.48 

On an individual patient level, pharmacist evaluation of 
polypharmacy in older adults with cancer led to discontinuation 
of an average of 3 medications per patient and avoidance of 
$4282.27 in health care expenditures per patient.49 Pharmacists 
also generate revenue billing for independent medication 
therapy management visits and patient education visits.31,50,51 
Boehmer summed up the pharmacist’s ability to ensure the 
provision of cost-conscious care for patients, saying, “The value 
that oncology pharmacists bring to coordinated, more efficient, 
and more cost-conscious prescribing and cancer care, from a 
dollars-related return on investment, is something administrators 
in the industry really can’t overstate.” 

Optimize Medication Adherence to Anticancer 
Therapy
A systematic review of 64 publications reported medication 
adherence to oral anticancer therapy varies widely between 
46% and 100%.52 Across multiple malignancies, poor 
adherence to oral anticancer therapy is associated with worse 
disease outcomes, including lower likelihood of response 
to therapy and higher mortality.52 Studies of medication 
adherence in chronic myeloid leukemia (CML) indicate 
adherence is a major factor in molecular response rates and 
patient outcomes.53,54 In a prospective study of 87 patients 
with chronic phase CML, adherence less than 80% was the 
only factor predictive of a major molecular response.53 Barr 
and colleagues reported that patients missing more than 8 
consecutive days of ibrutinib for primary therapy of chronic 
lymphocytic leukemia had a shorter progression-free survival 

than those patients missing fewer than 8 days.55 Patients 
using oral therapies have less contact with the health care 
team, may lack adequate health literacy, and may be more 
reluctant to report AEs, which may lead to medication 
nonadherence. A report by the Michigan Oncology Quality 
Consortium Oral Oncolytic Collaborative highlighted 
48% of patients discontinued their oral oncolytic therapy 
without consulting their physician prior to initiation of a 
pharmacy-led quality improvement initiative.56 Following 
implementation of a tracking system, patient education 
includes self-care guidelines, a questionnaire to assess 
symptoms and adherence, and scheduled follow-up care; no 
patients discontinued medication on their own. 

Although few randomized controlled trials have been 
conducted, current literature suggests pharmacist-directed 
interventions to promote medication adherence are effective in 
oncology patients.57 Several published reports found that oral 
chemotherapy management programs resulted in a significant 
increase in medication and lab adherence and improved 
comprehension of the treatment  plans.58-61 In collaboration with 
ASCO, a quality improvement program was designed to improve 
adherence to oral oncolytic therapy by leveraging an oncology 
pharmacist to educate patients on treatment schedule, AEs, drug 
interactions, and safe handling.62 Pillboxes and calendars were 
provided to patients, and the pharmacist assisted with drug 
procurement. After 6 months, an improvement in adherence 
to oral oncolytic therapy from 37% pre-intervention to 85% 
post-intervention was observed and sustained throughout the 
13-month study period. 

Across the United States, pharmacists are part of the care team 
that identifies and manages AEs of oral oncolytic therapy.2,15 
Some of the care delivery models include pharmacists within 
specialty pharmacies monitoring and identifying AEs of 
therapies while others incorporate oncology pharmacists in 
ambulatory care or infusion clinics. Pharmacist-directed programs, 
particularly those that integrate monitoring and routine follow-up, 
have been shown to be effective at improving medication 
adherence to oral oncolytic therapy.57

Patient Advocacy and Access to Medications
Medication access and financial toxicity are significant 
barriers contributing to medication nonadherence. Oral 
oncolytic therapies are considered specialty medications 
by most insurance companies and require dispensing by a 
specialty pharmacy. The process of sending a prescription 
to a pharmacy is often convoluted by requirement of a prior 
authorization and/or appeal, routing to a predetermined 
specialty pharmacy, and solutions to lower the co-pay 
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via patient assistance application.63-65 This process can be 
frustrating, difficult to understand, and time consuming, all 
of which lead to delays in initiation of therapy.63-65 Soliman 
explained potential delays further, saying, “When a product 
has been prescribed, about a quarter of the time, it doesn’t 
get filled. Oncology pharmacists play an important role in 
changing that.” 

A multisite study evaluating audio recordings of routine 
oncology appointments found financial issues were raised 
in 28% of visits; however, 40% of cost concerns were not 
acknowledged by clinicians, and only 1% of patients were 
referred to social services for support.66 A study of the impact 
of financial toxicity in patients receiving oral anticancer 
medications found 49% of patients abandoned their therapy 
if their co-pay was $2000 (a 5-fold increase over those with 
a co-pay less than $10).67 Similarly, 18% of patients delayed 
treatment initiation if their co-pay was greater than $2000 
compared with 3% of patients with a co-pay $10 or less. A study 
in patients with lung cancer reported a median average monthly 
out-of-pocket (OOP) medication cost for an oral tyrosine kinase 
inhibitor (TKI) was $1432 for the lowest 3 quartiles of patients 
and $2888 for patients in the highest quartile.68 The increase in 
OOP cost was associated with inferior survival (HR, 1.85; 95% 
CI, 1.11-3.10), decreased TKI medication adherence (OR, 0.28; 
95% CI, 0.10-0.76), and higher TKI discontinuation rate (OR, 
8.75; 95% CI, 2.59-29.52). The lifetime OOP costs for Medicare 
patients receiving oral therapies are expected to reach $57,000, 
representing a 519% increase.69

Buie shared other ways pharmacists can spearhead efforts to 
ensure patient access to medications. “Pharmacists are the best-
suited persons to help get patients their medications,” he said. 
He went on to explain that this might be through navigating 
financial services at their institution, working with patient 
assistance foundations or making sure the prior authorization 
process is completed and the patient is able to start a medication 
that may save their life. 

A recent study in patients receiving oral therapy for prostate 
cancer found that patients with OOP costs less than $100 per 
prescription were filled in a median of 5 days; however, patients 
who needed to fill prescriptions through a patient assistance 
program had a median of 30.5 days to treatment initiation.70 
Ambulatory care pharmacists and specialty pharmacies have 
designed successful processes to expedite therapy initiation and 
lower OOP medication costs using multiple mechanisms to lower 
costs.58,70-73 Mackler noted the biggest role oncology pharmacists 
play in mitigating financial toxicity is helping practices identify 
the best resources and shared other approaches oncology 
pharmacists can take. “This may mean referral to social work 

to assess insurance coverage options more comprehensively, 
or enrollment in a foundation grant or a patient assistance 
program,” she said. “It may also be altering the chemotherapy, 
for example, minimizing multiple strengths of the same drug to 
limit co-pays, or changing to a biosimilar with better coverage        
on their insurance plan.”  

Oncology pharmacists advocate for individual patients with 
cancer and for the global needs of this population. HOPA issues 
briefs on legislative policies that affect patients with cancer, 
supports initiatives that advance the role of the hematology/
oncology pharmacist, and publishes position statements on 
a variety of topics affecting patients with cancer and the 
pharmacists who care for them.74 In addition, HOPA forms 
coalitions with others in support of patients with cancer, 
including the Cancer Leadership Council, Commission on 
Cancer, Health Professions and Nursing Education Coalition, 
One Voice Against Cancer, Patient Access to Pharmacist Care 
Coalition, and Patients Equal Access Coalition. 

Support Informatics
The standard of cancer care evolves rapidly as new drugs 
are approved by the FDA and new regimens are proven 
effective and incorporated into national guidelines. This 
information must be rapidly assimilated into the electronic 
medical record (EMR) for patients to rapidly benefit from the 
research. Oncology pharmacists are often the point person 
responsible for ensuring the EMR remains up-to-date.3 “A 
clinical pharmacy specialist and a nurse work collaboratively to 
develop all of our chemotherapy order sets,” explained Olsen. 

An evaluation of the conversion of oral chemotherapy to 
electronic prescribing through Epic Beacon was associated with 
a dramatic increase in pharmacist review of orders, resulting 
in improved documentation of interventions and errors and 
a decreased need for clarification of orders.75 In addition to 
developing treatment plans for chemotherapy, Olsen explained 
they have developed nurse-pharmacy, evidence-based algorithms 
to diagnose and manage all oncologic emergencies and some 
algorithms for toxicities of chemotherapy (eg, immune-related 
AEs). She added, “I don’t know how we would have done that 
without our oncology pharmacists’ help.” 

Moving forward, pharmacists are spearheading efforts to 
leverage EMR decision support tools to implement precision 
medicine in cancer therapy.76-78 Klamerus underscored, “We 
rely on pharmacists for our IT processes to both reduce patient 
harm and increase safety through order set development for 
the electronic health record, bar code administration, and other 
technologies that are advancing the area of patient safety and 
medication adherence.”
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Educate Patients and Health Care Providers 
“Oncology pharmacists are, first and foremost, educators. 
They educate staff and other clinicians, stakeholders, and 
communities about cancer screenings, cancer prevention, and 
earlier detection,” reiterated Boehmer. A diagnosis of cancer 
is overwhelming for patients and a lot of new information is 
rapidly disseminated about their diagnosis and treatment plan. 
Pharmacist-led education improves patients’ understanding of 
their medications and their ability to mitigate AEs.79-81 It has also 
been associated with a reduction in anxiety and depression 
and improvement in quality of life in patients with cancer.82,83  

Oncology pharmacist provision of patient counseling and 
education is a mechanism to fulfill 25% of QOPI metrics.14 
Provision of chemotherapy education by oncology pharmacists 
is associated with increased or high rates of patient satisfaction 
and improved learning outcomes.3 Buie commented on the 
importance of the oncology pharmacist, beginning early in 
the patient’s treatment course. “For patients, especially those 
getting chemotherapy for the first time, knowing that somebody 
was dedicated just to their medications really relieves a lot of 
anxiety,” he said.

Oncology pharmacists play an important role in education and 
training of physicians, APPs, nurses, and students and residents 
in multiple disciplines.2,36 Boehmer emphasized, “The rate and 
the chronicity of new data on cancer drugs, treatment classes, 
combination regimens, even if limited to the 4 most common 
cancers—lung, colorectal, breast, and prostate—is just staggering 
how much information comes out every single week.”

Pharmacists with BCOP serve as key educators and resources 
for pharmacists practicing in infusion clinics, specialty 
pharmacies, and those outside of oncology in the community 
setting. Boehmer continued, “I can’t say enough about how 
important it is to have an oncology pharmacist as a partner to 
help cull the data, interpret it, and make it more available for 
community oncology clinicians.” Lifelong learning is important 
because, as Boehmer explained, “Oncology is changing, like 
literally every minute.”

Mitigate Drug-Drug Interactions
Pharmacists are key to the management of drug-drug 
interactions (DDIs) and avoidance of AEs associated with 
DDIs. An estimated 4% of cancer deaths are attributed to AEs 
incurred by DDIs.84 Patients with cancer may receive numerous 
concomitant drugs, such as other anticancer agents, antiemetics, 
analgesics, and prophylactic anti-infectives. DDIs have been 
reported in 78% to 89% of patients receiving cancer therapy, 
with potential outcomes ranging from therapeutic failure 
to increased toxicity and unplanned hospitalization.84-86 

Pharmacists across the spectrum of cancer care are involved 
in mitigation of DDIs, especially because of the variability in 
electronic databases to accurately identify relevant DDIs.87

Prevent Medication Errors and Enhance Medication 
Safety  
Oncology pharmacists serve a critical role in identification 
and prevention of chemotherapy medication errors.34,35,88,89 
Klamerus shared his observations, saying, “It’s difficult for 
me to imagine a place where we use a drug where pharmacists 
aren’t co-leading those processes in quality improvement and 
patient safety.” 

Two prospective, randomized studies have demonstrated the 
value of oncology pharmacists in preventing medication errors. 
Durr and colleagues observed fewer unresolved medication 
errors in oral oncolytic therapy in patients receiving intensified 
pharmaceutical care (HR, 0.10; 95% CI, 0.02-0.28).34 Medication 
reconciliation performed by oncology pharmacists resulted in 
a decrease in the incidence of medication reconciliation errors 
that reached the patient from 30% to 4% (RR, 0.13; 95% CI, 
0.04-0.43; P = .0009).90 Approximately 60% of medication 
errors occur during transitions of care.91 Leveraging pharmacist 
involvement in multiple transition of care services (medication 
history, medication reconciliation, follow-up) for patients with 
cancer reduces errors and the need for hospital readmission.92 
“As health systems and providers,” explained Klamerus, “we 
all know the impact of drug errors, including prescribing errors. 
That whole realm of medication error management often falls 
within the purview of pharmacy.”  

Pharmacists are also relied upon to develop guidelines for safe 
handling of hazardous medications at both the institutional and 
global levels in oncology.89,93,94 Olsen reflected on the integral 
role oncology pharmacists play, noting, “Our pharmacists and 
nurses collaboratively wrote our entire health systems’ safe 
handling policy.”  

Manage Drug Shortages 
More than 60% of institutions surveyed between December 
2019 and July 2020 reported at least 1 cancer drug shortage 
per month, a staggering increase of 34% over 2018.95 Oncology 
drug shortages contribute to delays in chemotherapy, dose 
modification or omission, changes to the planned combination 
chemotherapy regimen, and medication errors. As the drug 
experts, oncology pharmacists are relied upon to manage drug 
shortages to minimize impact to patient care and optimize 
medication safety.2,96 Olsen expressed her gratitude for the 
support provided to her by pharmacists, sharing, “It has been 
phenomenal to have a pharmacist assigned with me as the 
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clinical practice director for urgent care. The pharmacist and I 
work collaboratively to make sure they have the right antibiotics 
in stock so we don’t have sepsis failures and to ensure we have 
all the right emergency medicines we need.”

Serve on Pharmacy and Therapeutics Committee/
Manage Formulary 
Oncology pharmacists are members of the Pharmacy and 
Therapeutics committee and facilitate decision making regarding 
which products health care facilities will utilize.2,40 “Oncology 
pharmacists are team players and have a role in business 
analytics and determining formulary agents in consideration of 
the local patient population,” explained Boehmer. 

According to Olsen, “When a physician comes forward 
and says, ‘I want to use this drug to treat my patients,ʼ it’s the 
pharmacist who does all of the literature and clinical review 
and then presents to the P&T committee about the rationale for 
why we should or should not bring this drug into the formulary. 
Then, the oncology pharmacist works with the P&T committee 
to obtain patient-specific approval for any type of non-FDA–
approved indications.”  

Klamerus explained, “Oncology pharmacists are absolutely 
essential to facilitate the appropriate review and scrutiny new 
medications go through when we bring them into therapeutic use 
in our health systems and clinics, especially because of the number 
of new mediations and drug classes in oncology.”

Conclusion
Without a doubt, oncology pharmacists enhance the quality of 
cancer care for patients.2,3,15,35,36,97 Multiple studies support posi-
tive outcomes associated with oncology pharmacy care.3 Klamerus 
underscored, “Oncology pharmacists are absolutely essential 
and core professionals within cancer care organizations.” 

Regardless of practice setting, oncology pharmacists are 
the experts in medications used to treat cancer and they use 
multiple skills to improve cancer care in a plethora of ways. When 
asked for her final thoughts, Olsen summed up the feelings of 
many, saying, “I couldn’t do anything I do without them right 
by my side.” 

The authors would like to acknowledge Maryjo Dixon, 
RPh, MBA; Mackenzie Perry, PharmD; Margaret Taylor, 
PharmD; and Brianna Winters for their reviews, feedback, 
and contributions.

REFERENCES  

1. Kaiser RF. The pharmacist’s place in cancer control. Public Health Rep. 1948;63(35):1111-1114. 

2. Hematology/Oncology Pharmacy Association. Further Defining the scope of hematology/

oncology pharmacy practice. Accessed September 28, 2021. www.hoparx.org/images/hopa/

resource-library/guidelines-standards/HOPA18_Scope-2_Web2.pdf

3. Segal EM, Bates J, Fleszar SL, et al. Demonstrating the value of the oncology pharmacist within 

the healthcare team. J Oncol Pharm Pract. 2019;25(8):1945-1967. doi:10.1177/1078155219859424

4. Knapp K, Ignoffo R. Response to “State of Physician and Pharmacist Oncology Workforce in the 

United States in 2019”. JCO Oncol Pract. 2021;17(5):297-298. doi:10.1200/OP.21.00152

5. Hematology/Oncology Pharmacy Association. Press room. Accessed November 19, 2021. www.

hoparx.org/about/press-room

6. Golbach AP, McCullough KB, Soefje SA, Mara KC, Shanafelt TD, Merten JA. Evaluation 

of Burnout in a National Sample of Hematology-Oncology Pharmacists. JCO Oncol Pract. 

2021;0(0):OP2100471. doi:10.1200/OP.21.00471

7. Royce TJ, Schenkel C, Kirkwood K, Levit L, Levit K, Kircher S. Impact of Pharmacy Benefit 

Managers on Oncology Practices and Patients. JCO Oncol Pract. 2020;16(5):276-284. doi:10.1200/

JOP.19.00606

8. Kwon J, Ledvina D, Newton M, Green MR, Ignoffo R. Oncology pharmacy education and 

training in the United States Schools of Pharmacy. Currents in Pharmacy Teaching and Learning. 

2015;7(4):451-457. doi:10.1016/j.cptl.2015.04.005

9. American Society of Health-System Pharmacists. Residency directory. Accessed May 7, 2022.  

https://accreditation.ashp.org/directory/#/program/residency

10. American College of Clinical Pharmacy. Residency training programs. Accessed November 19, 

2021. www.accp.com/resandfel/resandfel.aspx

11. Board of Pharmaceutical Specialties. Oncology pharmacy. Accessed November 19, 2021. www.

bpsweb.org/bps-specialties/oncology-pharmacy/#1517747602846-f1cc6832-2470151778001 

577715178540776891517858333825

12. Board of Pharmaceutical Specialties. Growth of pharmacist board certification. Accessed Nov 

19, 2021. www.bpsweb.org/2018/05/03/growth-of-pharmacist-board-certification/

13. Tichy EM, Hoffman JM, Suda KJ, et al. National trends in prescription drug expenditures and 

projections for 2021. Am J Health Syst Pharm. 2021;78(14):1294-1308. doi:10.1093/ajhp/zxab160

14. Vulaj V, Hough S, Bedard L, Farris K, Mackler E. Oncology Pharmacist Opportunities: Closing 

the Gap in Quality Care. J Oncol Pract. 2018;14(6):e403-e411. doi:10.1200/JOP.2017.026666

15. Mackler E, Segal EM, Muluneh B, Jeffers K, Carmichael J. 2018 Hematology/Oncology 

Pharmacist Association Best Practices for the Management of Oral Oncolytic Therapy: Pharmacy 

Practice Standard. J Oncol Pract. 2019;15(4):e346-e355. doi:10.1200/JOP.18.00581

16. Holle LM, Harris CS, Chan A, et al. Pharmacists’ roles in oncology pharmacy services: Results 

of a global survey. J Oncol Pharm Pract. 2017;23(3):185-194. doi:10.1177/1078155216629827

17. Dusetzina SB, Huskamp HA, Winn AN, Basch E, Keating NL. Out-of-Pocket and Health Care 

Spending Changes for Patients Using Orally Administered Anticancer Therapy After Adoption of 

State Parity Laws. JAMA Oncol. 2018;4(6):e173598. doi:10.1001/jamaoncol.2017.3598

18. Schwartz RN, Eng KJ, Frieze DA, et al. NCCN Task Force Report: Specialty Pharmacy. J Natl 

Compr Canc Netw. 2010;8 Suppl 4:S1-12. doi:10.6004/jnccn.2010.0127

19. Bagwell A, Kelley T, Carver A, Lee JB, Newman B. Advancing Patient Care Through Specialty 

Pharmacy Services in an Academic Health System. J Manag Care Spec Pharm. 2017;23(8):815-

820. doi:10.18553/jmcp.2017.23.8.815

20. Zuckerman AD, Carver A, Cooper K, et al. An Integrated Health-System Specialty Pharmacy 

Model for Coordinating Transitions of Care: Specialty Medication Challenges and Specialty 

Pharmacist Opportunities. Pharmacy (Basel). 2019;7(4)doi:10.3390/pharmacy7040163

21. Certified Specialty Pharmacist (CSP) Certification. National Association of Specialty Pharmacy.  

Accessed May 9, 2022. https://naspnet.org/certification



54 PHARMACYTIMES.ORG
FEBRUARY  2023

WHITE PAPER
PHARMACISTS IN CANCER CARE

22. Tombleson R. Impact of emerging clinical trends on overall cost of care and the role of 

the managed care pharmacist. Am J Manag Care. 2021;27(5 Suppl):S97-S103. doi:10.37765/

ajmc.2021.88627

23. Academy of Managed Care. What is managed care. Accessed January 24, 2023. www.amcp.org/

about/managed-care-pharmacy-101

24. Kaddis AA. Evolving strategies for cost-effective cancer management. The Lynx Group, 

LLC. Updated May 28, 2014. Accessed January 24, 2023. www.valuebasedrheumatology.com/

vbcc-issues/2012/october-2012-vol-3-no-7/3299-vbcc-3299

25. Jain A, Das A, Roffman J, Jeshnani R, et al.  Identifying treatment pathways: the decision-

makers of the future. Published September 2020. Accessed May 7, 2022. www.zs.com/content/

dam/pdfs/Identifying-treatment-pathways.pdf

26. Bates JS, Buie LW, Lyons K, et al. A Study of Layered Learning in Oncology. Am J Pharm 

Educ. 2016;80(4):68. doi:10.5688/ajpe80468

27. Holle LM, Segal EM, Jeffers KD. The Expanding Role of the Oncology Pharmacist. Pharmacy 

(Basel).2020;8(3)doi:10.3390/pharmacy8030130

28. Shih YT, Kim B, Halpern MT. State of Physician and Pharmacist Oncology Workforce in the 

United States in 2019. JCO Oncol Pract. 2021;17(1):e1-e10. doi:10.1200/OP.20.00600

29. Yang W, Williams JH, Hogan PF, et al. Projected supply of and demand for oncologists and 

radiation oncologists through 2025: an aging, better-insured population will result in shortage. J 

Oncol Pract. 2014;10(1):39-45. doi:10.1200/JOP.2013.001319

30. Ignoffo R, Knapp K, Barnett M, et al. Board-Certified Oncology Pharmacists: Their Potential 

Contribution to Reducing a Shortfall in Oncology Patient Visits. J Oncol Pract. 2016;12(4):e359-

68. doi:10.1200/JOP.2015.008490

31. Alexander MD, Rao KV, Khan TS, et al. ReCAP: Pharmacists’ Impact in Hematopoietic Stem-

Cell Transplantation: Economic and Humanistic Outcomes. J Oncol Pract. 2016;12(2):147-8, 

e118-26. doi:10.1200/JOP.2015.008797

32. Walko C, Kiel PJ, Kolesar J. Precision medicine in oncology: New practice models and roles for 

oncology pharmacists. Am J Health Syst Pharm. 2016;73(23):1935-1942. doi:10.2146/ajhp160211

33. Valgus J, Jarr S, Schwartz R, Rice M, Bernard SA. Pharmacist-led, interdisciplinary model for 

delivery of supportive care in the ambulatory cancer clinic setting. J Oncol Pract. 2010;6(6):e1-4. 

doi:10.1200/JOP.2010.000033

34. Durr P, Schlichtig K, Kelz C, et al. The Randomized AMBORA Trial: Impact of Pharmacological/

Pharmaceutical Care on Medication Safety and Patient-Reported Outcomes During Treatment With 

New Oral Anticancer Agents. J Clin Oncol. 2021;39(18):1983-1994. doi:10.1200/JCO.20.03088

35. Coutsouvelis J, Siderov J, Tey AY, et al. The impact of pharmacist-led strategies implemented 

to reduce errors related to cancer therapies: a systematic review. Journal of Pharmacy Practice and 

Research. 2020;50(6):466-480. doi:10.1002/jppr.1699

36. Holle LM, Bilse T, Alabelewe RM, et al. International Society of Oncology Pharmacy 

Practitioners (ISOPP) position statement: Role of the oncology pharmacy team in cancer care. 

J Oncol Pharm Pract. 2021;27(4):785-801. doi:10.1177/10781552211017199

37. Centers for Medicare & Medicaid Services. Oncology Care First Model: informal request for 

information. Accessed January 24, 2023. https://innovation.cms.gov/Files/x/ocf-informalrfi.pdf 

38. Subbiah IM, Charone MM, Roszik J, et al. Association of Edmonton Symptom Assessment 

System Global Distress Score With Overall Survival in Patients With Advanced Cancer. JAMA 

Netw Open. 2021;4(7):e2117295. doi:10.1001/jamanetworkopen.2021.17295

39. Hough S, McDevitt R, Nachar VR, et al. Chemotherapy Remote Care Monitoring Program: 

Integration of SMS Text Patient-Reported Outcomes in the Electronic Health Record and 

Pharmacist Intervention for Chemotherapy-Induced Nausea and Vomiting. JCO Oncol Pract. 

2021;17(9):e1303-e1310. doi:10.1200/OP.20.00639

40. Ignoffo RJ, Knapp KK, Seung A, et al. Trends in the delivery of care to oncology patients in 

the United States: Emphasis on the role pharmacists on the healthcare team. J Oncol Pharm Pract. 

2021;27(1):5-13. doi:10.1177/1078155220907674

41. Bryk A, Koontz S, Mayor J, et al. Characterization of collaborative practice agreements held 

by hematopoietic stem cell transplant pharmacists. J Oncol Pharm Pract. 2019;25(3):558-566. 

doi:10.1177/1078155217745145

42. Wright AL, Matta SF, Kerr JR. Expansion of pharmacist practice in oral oncolytic therapy 

with a collaborative practice agreement. J Oncol Pharm Pract.2020;26(8):1886-1893. 

doi:10.1177/1078155220905004

43. Homan MJ, Reid JH, Nachar VR, et al. Implementation and outcomes of a pharmacist-led 

collaborative drug therapy management program for oncology symptom management. Support 

Care Cancer. 2021;29(11):6505-6510. doi:10.1007/s00520-021-06239-0

44. Arnall JR, Petro R, Patel JN, Kennedy L. A clinical pharmacy pilot within a Precision Medicine 

Program for cancer patients and review of related pharmacist clinical practice. J Oncol Pharm 

Pract. 2019;25(1):179-186. doi:10.1177/1078155217738324

45. Raheem F, Kim P, Grove M, Kiel PJ. Precision Genomic Practice in Oncology: Pharmacist Role 

and Experience in an Ambulatory Care Clinic. Pharmacy. 2020;8(1):32. 

46. Kula J, Hough S, Howell J. Impact of a central review oncology clinical pharmacist in 

a community oncology practice. Journal of Clinical Oncology. 2021;39(28_suppl):68-68. 

doi:10.1200/JCO.2020.39.28_suppl.68

47. Mancini R, Vu B, Modlin J, Wilson DB, Kastor LM. Implementation of a pharmacist-managed 

interdisciplinary oral chemotherapy program in a community cancer center. J Hematol Oncol 

Pharm. 2011;1(2):23-30.

48. Reardon DP, Atay JK, Ashley SW, Churchill WW, Berliner N, Connors JM. Implementation of a 

Hemostatic and Antithrombotic Stewardship program. J Thromb Thrombolysis. 2015;40(3):379-82. 

doi:10.1007/s11239-015-1189-3

49. Whitman A, DeGregory K, Morris A, Mohile S, Ramsdale E. Pharmacist-led medication 

assessment and deprescribing intervention for older adults with cancer and polypharmacy: a pilot 

study. Support Care Cancer. 2018;26(12):4105-4113. doi:10.1007/s00520-018-4281-3

50. Valgus JM, Faso A, Gregory KM, et al. Integration of a clinical pharmacist into the hematology-

oncology clinics at an academic medical center. Am J Health Syst Pharm. 2011;68(7):613-9. 

doi:10.2146/ajhp100414

51. Watkins JL, Landgraf A, Barnett CM, Michaud L. Evaluation of pharmacist-provided 

medication therapy management services in an oncology ambulatory setting. J Am Pharm Assoc 

(2003). 2012;52(2):170-4. doi:10.1331/JAPhA.2012.11171

52. Greer JA, Amoyal N, Nisotel L, et al. A systematic review of adherence to oral antineoplastic 

therapies. Oncologist. 2016;21(3):354-376. doi:10.1634/theoncologist.2015-0405

53. Marin D, Bazeos A, Mahon F-X, et al. Adherence is the critical factor for achieving molecular 

responses in patients with chronic myeloid leukemia who achieve complete cytogenetic responses 

on imatinib. Journal of Clinical Oncology.2010;28(14):2381-2388. doi:10.1200/jco.2009.26.3087

54. Noens L, Van Lierde M-A, De Bock R, et al. Prevalence, determinants, and outcomes of 

nonadherence to imatinib therapy in patients with chronic myeloid leukemia: the ADAGIO study. 

Blood.2009;113(22):5401-5411. doi:10.1182/blood-2008-12-196543

55. Barr PM, Brown JR, Hillmen P, et al. Impact of ibrutinib dose adherence on therapeutic 

efficacy in patients with previously treated CLL/SLL. Blood.2017:blood-2016-12-73. doi:10.1182/

blood-2016-12-737346

56. McNamara E, Redoutey L, Mackler E, Severson JA, Petersen L, Mahmood T. Improving 



55PHARMACYTIMES.ORG
FEBRUARY  2023

WHITE PAPER
PHARMACISTS IN CANCER CARE

oral oncolytic patient self-management. Journal of Oncology Practice.2016;12(9):e864-e869. 

doi:10.1200/jop.2016.011304

57. Rosenberg SM, Petrie KJ, Stanton AL, Ngo L, Finnerty E, Partridge AH. Interventions 

to enhance adherence to oral anti-neoplastic agents: a scoping review. J Natl Cancer Inst. 

2020;112(5):443-465. doi:10.1093/jnci/djz244

58. Sweiss K, Wirth SM, Sharp L, et al. Collaborative physician-pharmacist-managed multiple 

myeloma clinic improves guideline adherence and prevents treatment delays. J Oncol Pract. 

2018;14(11):e674-e682. doi:10.1200/JOP.18.00085

59. Muluneh B, Schneider M, Faso A, et al. Improved Adherence Rates and Clinical Outcomes of 

an Integrated, Closed-Loop, Pharmacist-Led Oral Chemotherapy Management Program. J Oncol 

Pract. 2018;14(6):e324-e334. doi:10.1200/JOP.17.00039

60. Nhean S, Kostoff D, Yang JJ, Vogel V, Rybkin, II. Impact of oral chemotherapy management 

program on capecitabine toxicity management. JCO Oncol Pract. 2021;17(7):e1021-e1029. 

doi:10.1200/OP.20.00947

61. Patel JM, Holle LM, Clement JM, Bunz T, Niemann C, Chamberlin KW. Impact of a 

pharmacist-led oral chemotherapy-monitoring program in patients with metastatic castrate-resistant 

prostate cancer. J Oncol Pharm Pract. 2016;22(6):777-783. doi:10.1177/1078155215612541

62. Curry MA, Chineke I, Redelico T, et al. Adherence to oral anticancer medications after 

implementation of an ambulatory adherence program at a large urban academic hospital. JCO 

Oncol Pract. 2020;16(4):e350-e356. doi:10.1200/jop.19.00167

63. Dorff TB, Mendelsohn M, Christian A, Kim H. Navigating specialty pharmacies to get oral 

agents to patients in a timely manner. Journal of Clinical Oncology. 2019;37(27_suppl):220-220. 

doi:10.1200/JCO.2019.37.27_suppl.220

64. Niccolai JL, Roman DL, Julius JM, Nadour RW. Potential obstacles in the acquisition of oral 

anticancer medications. 2017;13(1):e29-e36. doi:10.1200/jop.2016.012302

65. Agarwal A, Freedman RA, Goicuria F, et al. Prior authorization for medications in a 

breast oncology practice: navigation of a complex process. Journal of Oncology Practice. 

2017;13(4):e273-e282. doi:10.1200/jop.2016.017756

66. Warsame R, Kennedy CC, Kumbamu A, et al. Conversations about financial issues in routine 

oncology practices: a multicenter study. J Oncol Pract. 2019;15(8):e690-e703. doi:10.1200/

JOP.18.00618

67. Doshi JA, Li P, Huo H, Pettit AR, Armstrong KA. Association of Patient Out-of-Pocket Costs 

With Prescription Abandonment and Delay in Fills of Novel Oral Anticancer Agents. Journal of 

Clinical Oncology. 2018;36(5):476-482. doi:10.1200/jco.2017.74.5091

68. Goulart BHL, Unger JM, Chennupati S, Fedorenko CR, Ramsey SD. Out-of-pocket costs for 

tyrosine kinase inhibitors and patient outcomes in EGFR- and ALK-positive advanced non-small-

cell lung cancer. JCO Oncol Pract. 2021;17(2):e130-e139. doi:10.1200/OP.20.00692

69. Zackon AYL, Ayers AA, Yeager KA, et al. Maximizing the effectiveness of oral therapies in 

lymphoid cancers: research gaps and unmet needs. Leukemia & Lymphoma. 2019:1-9. doi:10.108

0/10428194.2019.1594217

70. Jeong AY, Schwartz EB, Roman AR, et al. Characterizing out-of-pocket payments and financial 

assistance for patients prescribed abiraterone and enzalutamide at an Academic Cancer Center 

Specialty Pharmacy. JCO Oncol Pract. 2021;0(0):OP2100168. doi:10.1200/OP.21.00168

71. Seymour EK, Daniel L, Pointer E, Julian J, Smith ST, Schiffer CA. How to effectively decrease 

patient co-payments of high-cost drugs through innovation: lessons from the Karmanos Specialty 

Pharmacy. JCO Oncology Practice. 2022;18(1):e137-e151. doi:10.1200/op.21.00207

72. Farano JL, Kandah HM. Targeting financial toxicity in oncology specialty pharmacy at a large 

tertiary academic medical center. J Manag Care Spec Pharm. 2019;25(7):765-769. doi:10.18553/

jmcp.2019.25.7.765

73. Niccolai JL, Roman DL, Julius JM, Nadour RW. Potential Obstacles in the Acquisition of Oral 

Anticancer Medications. J Oncol Pract. 2017;13(1):e29-e36. doi:10.1200/JOP.2016.012302

74. Advocacy Activities. Hematology/Oncology Pharmacy Association. Accessed May 9, 2022. 

www.hoparx.org/advocacy/advocacy-activities

75. Finn A, Bondarenka C, Edwards K, Hartwell R, Letton C, Perez A. Evaluation of electronic 

health record implementation on pharmacist interventions related to oral chemotherapy 

management. J Oncol Pharm Pract. 2017;23(8):563-574. doi:10.1177/1078155216665247

76. Ubanyionwu S, Formea CM, Anderson B, Wix K, Dierkhising R, Caraballo PJ. Evaluation 

of prescriber responses to pharmacogenomics clinical decision support for thiopurine 

S-methyltransferase testing. Am J Health Syst Pharm. 2018;75(4):191-198. doi:10.2146/

ajhp170280

77. Hicks JK, Stowe D, Willner MA, et al. Implementation of clinical pharmacogenomics within 

a large health system: from electronic health record decision support to consultation services. 

Pharmacotherapy. 2016;36(8):940-8. doi:10.1002/phar.1786

78. Hicks JK, Howard R, Reisman P, et al. Integrating Somatic and germline next-generation 

sequencing into routine clinical oncology practice. JCO Precis Oncol. 2021;5doi:10.1200/

po.20.00513

79. Lin M, Hackenyos D, Savidge N, et al. Enhancing patients’ understanding of and adherence 

to oral anticancer medication: Results of a longitudinal pilot intervention. J Oncol Pharm Pract. 

2021;27(6):1409-1421. doi:10.1177/1078155220960800

80. McKee M, Frei BL, Garcia A, Fike D, Soefje SA. Impact of clinical pharmacy services on 

patients in an outpatient chemotherapy academic clinic. J Oncol Pharm Pract. 2011;17(4):387-94. 

doi:10.1177/1078155210389217

81. Crespo A, Tyszka M. Evaluating the patient-perceived impact of clinical pharmacy services 

and proactive follow-up care in an ambulatory chemotherapy unit. Journal of Oncology Pharmacy 

Practice. 2017;23(4):243-248. doi:10.1177/1078155216634180

82. Periasamy U, Mohd-Sidik S, Akhtari-Zavare M, Rampal L, Ismail SIF, Mahmud R. Effects 

of Counselling on Quality of Life among Cancer Patients in Malaysia: A Randomized Controlled 

Trial. Iran J Public Health. 2020;49(10):1902-1911. doi:10.18502/ijph.v49i10.4693

83. Mohd-Sidik S, Akhtari-Zavare M, Periasamy U, Rampal L, Fadhilah SI, Mahmud R. 

Effectiveness of chemotherapy counselling on self-esteem and psychological affects among cancer 

patients in Malaysia: Randomized controlled trial. Patient Educ Couns. 2018;101(5):862-871. 

doi:10.1016/j.pec.2018.01.004

84. Ismail M, Khan S, Khan F, et al. Prevalence and significance of potential drug-drug interactions 

among cancer patients receiving chemotherapy. BMC Cancer. 2020;20(1):335. doi:10.1186/

s12885-020-06855-9

85. Beinse G, Reitter D, Segaux L, et al. Potential drug-drug interactions and risk of unplanned 

hospitalization in older patients with cancer: a survey of the prospective ELCAPA (ELderly CAncer 

PAtients) cohort. J Geriatr Oncol. 2020;11(4):586-592. doi:10.1016/j.jgo.2019.07.023

86. Prely H, Herledan C, Caffin AG, et al. Real-life drug-drug and herb-drug interactions in 

outpatients taking oral anticancer drugs: comparison with databases. J Cancer Res Clin Oncol. 

2021;148(3):707-718. doi:10.1007/s00432-021-03645-z

87. Bossaer JB, Eskens D, Gardner A. Sensitivity and specificity of drug interaction databases 

to detect interactions with recently approved oral antineoplastics. J Oncol Pharm Pract. 

2021:1078155220984244. doi:10.1177/1078155220984244

88. Goldspiel B, Hoffman JM, Griffith NL, et al. ASHP guidelines on preventing medication errors 

with chemotherapy and biotherapy. Am J Health Syst Pharm.2015;72(8):e6-e35. doi:10.2146/sp150001



56 PHARMACYTIMES.ORG
FEBRUARY  2023

WHITE PAPER
PHARMACISTS IN CANCER CARE

89. Pardhan A, Vu K, Gallo-Hershberg D, Forbes L, Gavura S, Kukreti V. Evolving best practice 

for take-home cancer drugs. JCO Oncol Pract. 2021;17(4):e526-e536. doi:10.1200/OP.20.00448

90. Vega TG, Sierra-Sánchez JF, Martínez-Bautista MJ, García-Martín F, Suárez-Carrascosa F, 

Baena-Cañada JM. Medication Reconciliation in Oncological Patients: A Randomized Clinical 

Trial. J Manag Care Spec Pharm. 2016;22(6):734-40. doi:10.18553/jmcp.2016.15248

91. Bethishou L, Herzik K, Fang N, Abdo C, Tomaszewski DM. The impact of the pharmacist 

on continuity of care during transitions of care: A systematic review. J Am Pharm Assoc (2003). 

2020;60(1):163-177.e2. doi:10.1016/j.japh.2019.06.020

92. Nguyen PAA, Enwere E, Gautreaux S, et al. Impact of a pharmacy-driven transitions-of-care 

program on postdischarge healthcare utilization at a national comprehensive cancer center. Am J 

Health Syst Pharm. 2018;75(18):1386-1393. doi:10.2146/ajhp170747

93. Celano P, Fausel CA, Kennedy EB, et al. Safe Handling of Hazardous Drugs: ASCO Standards. 

J Clin Oncol. 2019;37(7):598-609. doi:10.1200/JCO.18.01616

94. Goodin S, Griffith N, Chen B, et al. Safe handling of oral chemotherapeutic agents in clinical 

practice: recommendations from an international pharmacy panel. J Oncol Pract. 2011;7(1):7-12. 

doi:10.1200/jop.2010.000068

95. Hudson-Disalle S, DeRemer DL, Buie LW, Hamm M, Pilz J, McBride A. National survey 

on the effect of oncology drug shortages in clinical practice: a Hematology Oncology Pharmacy 

Association (HOPA) survey. Journal of Clinical Oncology. 2021;39(15_suppl):e13609-e13609. 

doi:10.1200/JCO.2021.39.15_suppl.e13609

96. Hematology/Oncology Pharmacy Association. The Value of oncology pharmacists op-ed headline: 

with drug shortages and errors on the rise, oncology pharmacists are vital to navigate treatment in the era 

of a pandemic. Accessed Oct 1, 2021. ww1.prweb.com/prfiles/2021/03/22/17814869/Value%20of%20

Hem-Onc%20Pharmacists%20Op-Ed%2002.10.21_FINAL.pdf

97. Dillmon MS, Kennedy EB, Anderson MK, et al. Patient-centered standards for medically 

integrated dispensing: ASCO/NCODA standards. J Clin Oncol. 2020;38(6):633-644. doi:10.1200/

JCO.19.02297

98. Hematology/Oncology Pharmacy Association. Scope of hematology/oncology pharamcy 

practice. Accessed September 28, 2021. www.hoparx.org/images/hopa/resource-library/

professional-tools/HOPA13_ScopeofPracticeBk.pdf

Pharmacy Times Continuing EducationTM (PTCE) is a pharmacist-focused continuing education company accredited by the 
Accreditation Council for Pharmacist Education (ACPE). Our knowledge- and application-based activities are designed to 
help improve the knowledge, competence, and skills of pharmacists so that they may be better prepared to provide the 
highest quality of pharmacy care to the patients they serve and to the physicians they assist as part of a multidisciplinary 
team. We differentiate ourselves as a CE provider based on our ability to segment our pharmacy audience, targeting 
pharmacists practicing in community, health-system, specialty, managed care, and oncology settings while tailoring our 
educational activities to include clinical pearls and information specific to individual practice settings. 

PT
ONCOLOGY



SHOW YOUR COMMITMENT TO IMPROVING PATIENT CARE!

www.pharmacytimes.org

SCAN TO  
REGISTER

The PTCE Learners Academy is a new way to highlight and acknowledge your passion and commitment 
for improving patient care through participation in PTCE’s activities. 

Earning a badge is easy! All you have to do is continue participating in any PTCE live or on-demand 
activity. Once you reach a certain number of completed activities, your badge will appear on your 
learner dashboard and you will be listed on the Learners Academy leaderboard to be recognized for 
your outstanding achievements!

ACADEMY

REGISTER FOR PTCE TODAY  
TO START EARNING A BADGE!

Start earning your Learners Academy badge today! 
Completion of 1 CE activity = 1 point (All of PTCE’s activities are worth 1 point)

50 CE ACTIVITIES 
COMPLETED

25 CE ACTIVITIES 
COMPLETED

10 CE ACTIVITIES 
COMPLETED



58 PHARMACY TIMES ONCOLOGY EDITION™
FEBRUARY  2023

CLINICAL FORUM
GVHD

P HARMACISTS CAN BE vital members of the health 
care team when treating patients with chronic 
graft-vs-host disease (GVHD), according to 

experts during a Pharmacy Times® clinical forum 
discussion. GVHD is a particularly challenging 
disease to manage and is often seen in the context of 
allogeneic stem cell transplant recipients. In addition 
to providing expertise on treatment options and 
approaches, pharmacists can also make more subtle 
impacts such as encouraging adherence and managing 
disease burden.

“We’ll certainly benefit these patients [with] our 
interventions. The drugs we use have a lot of drug 
interactions, but following up [with] a patient [who] 
hasn’t been refilling their medication [is valuable],” said 
moderator David Samuel, PharmD, stem cell transplant 
pharmacist at Texas Oncology Sammons Cancer Center in 
Dallas, Texas. “All these things matter in this disease, 
because it can be a very burdensome disease.”

GVHD occurs after a stem cell transplant when 
the new immune system attacks the recipient’s body. 
Although experts are not entirely sure why this 
happens, Samuel noted there is always a risk of GVHD, 
even in near-perfect matches.

However, GVHD is also caused by inflammation 
from chemotherapy, which is referred to as 
conditioning chemotherapy. High doses of 
chemotherapy cause high rates of cell death, triggering 
the reaction of immune cells. At the same time, patients 
experience translocation of pathogens, further driving 
inflammation and engaging both innate and 
adaptive immunity.

Notably, acute GVHD typically occurs within the 
first 100 days after stem cell transplantation, whereas 
chronic GVHD occurs after 100 days. Samuel noted 
a hallmark of chronic GVHD is the occurrence of 
fibrosis, although there are cases of simultaneous 
acute and chronic GVHD. Clinical symptoms are also 
becoming more important in the diagnosis of acute vs 
chronic GVHD.

“It’s more about the clinical symptoms. Some 
patients can experience features of both acute and 
chronic GVHD, and these patients tend to have worse 
survival [rates] than [those with] classic, acute, 
or classic chronic [GVHD],” said clinical forum 
moderator Lauren DeRespiris, PharmD, a bone marrow 
transplant clinical pharmacist at Memorial Sloan 
Kettering Cancer Center in New York, New York. ©
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Clinical Forum Recap

Pharmacists Can Provide Education 
on Management, Prevention Strategies 
for Chronic Graft-vs-Host Disease
Pharmacologic approaches can reduce the risk of chronic GVHD.
A I S L I N N  A N T R I M ,  E D I T O R
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Pharmacologic strategies exist to reduce the risk of 
chronic GVHD, including the administration of rabbit 
antithymocyte globulin in the conditioning period 
before transplantation and high-dose cyclophospha-
mide. “I definitely see a lot of thymidine used [preop-
eratively], as well,” said panelist Jeffy Jacob, PharmD, 
a clinical pharmacist at Carrollton Regional Medical 
Center in Texas.

Some symptoms of chronic GVHD include skin, hair, 
and nail changes, including hair loss and brittle nails. 
Mucous membranes can also be affected, resulting 
in changes to the skin and gums. Many patients with 
chronic GVHD will have difficulty eating, so weight 
loss may be a sign of malnourishment suggestive of 
chronic GVHD. Additionally, eyesight can be affected, 
and patients may report a feeling of grittiness in their 
eyes or difficulty tolerating light in addition to loss of 
pigmentation around the eyes.

Importantly, Samuel noted that when clinicians 
first begin investigating potential causes for these 
symptoms, pharmacists must help establish whether 
a medication or infection could be the culprit. In the 
pharmacy setting, Samuel said he always holds any 
potential offending drug before reinstating it and 
repeats this process for each drug to verify the symp-
toms are not drug related.

Once GVHD is diagnosed, the standard-of-care 
therapy is steroids for moderate to severe disease. For 
patients with less severe disease but high-risk features, 
such as thrombocytopenia or high bilirubin levels, 
topical steroids may be an option for initial treat-
ment. In acute GVHD, high-dose steroids are typically 
tapered off rapidly, Samuel said. In chronic GVHD, 
however, patients can start with 1 mg/kg, with the goal 
of controlling the disease quickly by using 2 weeks of 
high-dose therapy.

“You have to think [about] what the consequences 
of this [are],” Samuel said. “Their blood sugar [level] 
might go up, blood pressure [level] might go up, [and 
they’re at] increased risk of fungal infection, so you 
want to make sure they’re on antifungal and antiviral 

prophylaxis. But most importantly, try to taper the 
steroid each week.”

For instance, after the first 2 weeks of treatment, 
Samuel said, a patient’s dose might decrease by 25%. 
However, a flare-up suggests they are becoming 
resistant to the treatment or are experiencing some loss 
of response, which can result in much longer tapering 
processes for months rather than weeks.

Clinicians have a myriad of options in the second-line 
setting, including ruxolitinib and the recently approved 
belumosudil, which has a favorable adverse event profile. 
Bruton tyrosine kinases have also been used in addition 
to imatinib and traditional immunosuppressants such as 
cyclosporine, tacrolimus, and sirolimus.

With all these options, pharmacists can play key 
roles in managing the processes required to obtain 
them. Some agents may be difficult for retail pharma-
cies to obtain unless they are affiliated with a health 
care system, which can be an impediment for patients. 
Prior authorizations are also important for pharmacists 
to manage, particularly with outpatient therapies. 
Finally, Samuel said pharmacists’ overarching role is 
to limit patients’ barriers to access and ensure they 
receive the best treatment possible. “Adhering to these 
medication regimens can be very challenging,” Samuel 
said. “Cost of drugs can be a barrier to getting the 
medications or getting them [in a timely manner].”

Educating patients about these challenges prior to 
transplant can also help prepare them for some of the 
challenges, DeRespiris explained, although it may be hard 
for patients to understand exactly how challenging it will 
be. For instance, one forum participant shared a patient’s 
story about the challenges associated with taking 26 pills 
daily and how that resulted in stress and isolation.

“We see a lot of these patients prior to transplant, and 
it’s hard to convey how much goes into it [post trans-
plant],” DeRespiris said. “You can explain what GVHD 
is and some of the [adverse] effects of the medication, 
but until the patient is really living it, I don’t think you 
can convey that [by] telling [them] about what [they] 
might experience or feel.” ■
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Clinical Forum Recap

NSCLC May Be an Increasingly 
Biomarker-Driven Disease
An expert shares information on risk factors and controversies around testing.
A L A N A  H I P P E N S T E E L E ,  M A N A G I N G  E D I T O R

T HE INCIDENCE OF lung cancer in the United 
States has decreased over the past few decades, 
according to Scott Soefje, PharmD, MBA, BCOP, 

FCCP, FHOPA, director of pharmacy cancer care 
services and assistant professor at Mayo Clinic in 
Rochester, Minnesota, during a Pharmacy Times® 
clinical forum. Soefje explained that this decline 
in incidence is primarily due to the efforts of 
antismoking campaigns in the 1990s.

Today, non–small cell lung cancer (NSCLC) accounts 
for 85% of all lung cancers, Soefje explained. The 
other type of lung cancer is small cell, which has more 
aggressive tumors but is considered curable. However, 
NSCLC, especially in advanced stages, is not consid-
ered curable, according to Soefje.

“The 5-year survival rate [for patients with NSCLC] 
has actually increased dramatically since I was a 
resident,” Soefje said. “In 1992, the 5-year survival 
rate was [approximately] 20%, and now we’re pushing 
65% to 70%.”

However, with metastatic disease, the 5-year survival 
rate has remained at 8% to 10% since 1992, according 
to Soefje. “One of the things that’s very important 

about this disease is the screenings are starting to pick 
up because what we know is, if you catch this disease 
early, if you can surgically resect it, [the patient has]
a much higher chance of surviving than if it gets to be 
locally advanced or metastatic,” Soefje said.

Furthermore, Soefje explained that among the 3 main 
subtypes of NSCLC (adenocarcinoma, squamous cell 
carcinoma, and large cell carcinoma), an interesting 
evolution has occurred over the past 30 to 40 years. 
“Right now, adenocarcinoma makes up [approximately] 
40% of the cases and is less associated with smoking. 
So why has this been increasing? It’s interesting. 
Squamous cell [carcinoma] is about 25%, and large cell 
[carcinoma] is about 10%. If you’re like most pharma-
cists, you add that up and it doesn’t reach 100%. The 
remaining [cases] tend to [involve] these mixed-type 
tumors where they’ll have both [squamous cell carci-
noma and large cell carcinoma]; they’ll have compo-
nents or multiple different ones. When I was a resident 
in 1992, squamous cell [carcinoma] was 60% of the 
tumors, and there has been a change in the histology 
of lung cancer over the [past] 30 or 40 years. Again, 
we believe this is predominantly due to the decrease in ©
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smoking, because squamous cell [carcinoma] is most 
associated with smoking.”

Soefje explained that besides smoking, other risk 
factors for lung cancer include occupational exposures 
such as arsenic and asbestos. “Most of us know the 
stories about asbestos and mesothelioma, but asbestos 
can actually cause other [diseases],” Soefje said.

Soefje further explained that the occupations 
with the most asbestos exposure are no longer those 
that encounter insulation in buildings or homes. 
Instead, the occupation with the most exposure is car 
mechanic. “Brakes are still made up of asbestos in 
many instances,” Soefje said. “So if you have a patient 
[who]’s a mechanic and they’re coming in with a lung 
nodule, you may suspect asbestos exposure. Now those 
are beginning to decrease as well, [because] they’re 
beginning to take it out of [cars] as much as they can.”

For other risk factors, Soefje explained that personal 
history and family history of cancer also play a role. 
Specifically, having a first-degree relative with lung 
cancer increases the chance of a patient getting lung 
cancer. This is common in all cancers.

Additionally, chronic lung disease, particularly 
chronic obstructive pulmonary disease or pulmonary 
fibrosis, causes increased inflammation that triggers 
the immune system. In many cases, this increased level 
of inflammation can increase the risk of developing 
cancer, Soefje explained.

Furthermore, radiation exposure is another risk factor 
for NSCLC. For example, adults who had Hodgkin 
disease as children and received chest radiation are 
developing lung cancer years later as a secondary 
malignant tumor. Additionally, there are instances of 
NSCLC development at sites with extensive radiation 

exposure, such as Chernobyl in Ukraine and Hiroshima 
and Nagasaki in Japan.

“Testing is important because what is happening 
with lung cancer is it is becoming a biomarker-driven 
disease,” Soefje said. “I keep reminding my students 
[that] the most expensive drug in the world is the one 
that doesn’t work. If we know we have a medication 
that has a biomarker and it works, that’s what we want 
to target.”

Soefje noted there are many predictive biomarkers in 
lung cancer, such as ALK rearrangements; BRAF point 
mutations; and EGFR, RET, and ROS-1 mutations. “In 
fact, we believe there are probably 40 to 50 mutations 
that cause lung cancer. So over time we’re probably 
going to identify targets for all those at some point,” 
Soefje said.

Soefje also noted that PD-L1 expression is a predic-
tive immune biomarker, but there remains some 
controversy around measuring PD-L1 levels. Although 
lung cancer is one of the few areas for which molecular 
testing is recommended to be done as a panel (defined 
as 4 tests or more), most payers won’t currently pay 
for it. However, despite the controversy, National 
Comprehensive Cancer Network guidelines recommend 
biomarker testing for lung cancer.

“There are also some sophisticated tests that are 
going on, looking at what we should be doing as 
panels,” Soefje said. “There’s a study at Yale New 
Haven Hospital where every patient who walks in the 
door [who] has lung cancer gets a test of 400 genes. 
And every time they progress, their progressive disease 
is tested to see how it changed. So what we believe 
[are] the biomarkers may evolve and change over time. 
It’s an interesting thought.” ■

  V I S I T  P H A R M A C Y T I M E S . C O M  T O  L E A R N  M O R E .

Although lung cancer is one of the few areas 
for which molecular testing is recommended 
to be done as a panel (defined as 4 tests or 
more), most payers won’t currently pay for it.
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Clinical Forum Recap

Data Show Melanoma Site to Be Independent 
High-Risk Factor for Recurrence, Poor Outcomes
High-risk areas for disease progression include genitalia and the scalp.
A L A N A  H I P P E N S T E E L E ,  M A N A G I N G  E D I T O R

I N 2022, APPROXIMATELY 3.3 million individuals 
in the United States received a diagnosis of 
melanoma, according to Scott Soefje, PharmD, 

MBA, BCOP, FCCP, FHOPA, director of pharmacy 
cancer care services and an assistant professor at 
Mayo Clinic in Rochester, Minnesota. Furthermore, 
basal cell carcinoma is the most common skin cancer, 
with approximately 80% of patients with skin cancer 
receiving this diagnosis, and squamous cell carcinoma 
(SCC) is the second most common.

Soefje further explained that incidence of mela-
noma is increasing. For many cancers, the population 
is increasing whereas incidence is decreasing. But 
melanoma is unique in that it’s the other way around: 
Incidence is increasing over time. Soefje noted this 
may indicate that melanoma will be a more significant 
burden than it is today.

“Generally, [melanomas are] curable if they’re 
caught early. And our surgeons are really good about 
removing them. However, when they advance to locally 

advanced disease or they become metastatic, that’s 
when we have to start thinking about systemic thera-
pies, and pharmacy gets involved,” Soefje said.

Additionally, with the recurrence of melanoma, 
surgery can lead to disfigurement, especially after 
repeated treatments. Soefje noted that when he worked 
as a specialty resident in oncology pharmacy at South 
Texas Veterans Health Care System in San Antonio, 
he treated patients with SCC who required multiple 
surgeries and experienced significant disfigurement.

“It is a significant problem and it’s something that 
all pharmacists should know about,” Soefje said. “I 
think most of us probably know the risk factors [of] 
sunlight [and] radiation exposure. But we’ve also had 
experiments in Japan and Chernobyl [in Ukraine] into 
radiation exposure, and skin cancers have become 
common there as well. So it’s 1 of those things that 
[are] primarily [caused by] UV radiation, but there are 
other types of radiation.”

Additionally, some skin cancers occur in patients ©
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who have received radiation therapy for breast cancer 
or Hodgkin disease, according to Soefje. Sun exposure 
is not the only risk factor; all forms of radiation pose a 
risk for skin cancer.

“This is what I teach residents: It’s chemicals, radia-
tion, viruses, and [genetics]. So there [is] some genetic 
pathway signaling, particularly with PTCH1, that leads 
to the nevoid basal cell carcinoma syndromes, but 
albinism is [also] associated with it,” Soefje said.

Soefje explained that during management of other 
tumor types, SCC shows up as an adverse effect of 
some of the therapies, with location of the tumor site 
being a risk factor. Locations where the risk of devel-
oping SCC increases include the ears, lips, hands, face, 
and feet.

“Also, when you start looking at pathology, the 
risk factors for recurrence include poorly differenti-
ated aggressive growth patterns and whether there’s 
perineural involvement,” Soefje said. “Prior history of 
radiotherapy and prior history of skin cancer are risk 
factor[s] for it recurring. Lastly, immunosuppression is 
a risk factor [as well].”

Joanna Walker, MD, director of the Rare and 
Advanced Skin Cancer Clinic and assistant professor of 
clinical dermatology at the University of Pennsylvania 
in Philadelphia, explained that some high-risk sites 
for patients developing locally advanced or metastatic 
disease include genitalia and the scalp. “There’s new 
research from the Penn group showing the scalp as 
an independent high risk for recurrence and poor 
outcomes. And [that is] even when controlling for same 
stage,” Walker said. “We don’t know [whether] it’s 

something about the rich vascular or lymphatic region 
that [disease is] coming up in or [whether] it’s 
simply in a tough area and someone’s under[managing] 
it, [which means] there’s a higher risk for 
it recurring.”

Walker further explained that when assessing 
whether surgery is the best option available, her team 
looks to National Comprehensive Cancer Network 
(NCCN) guidelines. “The NCCN guidelines have, for 
both basal cell and squamous cell [carcinoma], risks 
and stratification into low- and high-risk tumors, 
depending on the site, the histology, the size of the 
tumor. And there’s appropriate use criteria for when 
something has a better outcome when it’s [managed] 
with Mohs micrographic surgical treatment,” Walker 
said. “Low-risk, small, superficial tumors can be 
scraped, they can be frozen, they can be [managed] 
with topicals. But things that are larger or in higher-
risk anatomic sites can and should be [managed] 
with surgery, particularly with microscopically 
controlled surgery.”

Soefje noted that in his experience, he has found the 
cosmetic aspect of treatment options affects patients’ 
decisions about whether to opt for surgery. “We’ve had 
patients decline surgery because they were afraid of the 
cosmetic impacts,” Soefje said. “I suspect the scalp is 
difficult to [perform] surgery on.”

Walker responded by explaining that although it’s 
easy to remove skin cancer tumors on the scalp, the 
healing process can be difficult and the wound more 
difficult to suture. For that purpose, she noted her team 
has used grafts, which is a more challenging procedure. ■
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During management of other tumor types, SCC 
shows up as an adverse effect of some of the 
therapies, with location of the tumor site 
being a risk factor.
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• Examine the role of the pharmacist in adverse effect recognition and management of 

antibody-drug conjugates (ADCs) and chimeric antigen receptor (CAR) T-cell therapies 
used in relapsed/refractory diffuse large B-cell lymphoma (R/R DLBCL)

• Explore considerations for inpatient and outpatient treatment of R/R DLBCL

TARGET AUDIENCE: Oncology pharmacists, health-system pharmacists
ACTIVITY TYPE: Application
RELEASE DATE: July 27, 2022
EXPIRATION DATE: July 27, 2023
ESTIMATED TIME TO COMPLETE ACTIVITY: 1 hour
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 1.0 contact hour (0.10 
CEU) under the ACPE universal activity number 0290-0000-22-330-H01-P. 
The activity is available for CE credit through July 27, 2023.

Introduction
The treatment landscape for manage-
ment of relapsed/refractory diffuse 
large B-cell lymphoma (R/R DLBCL) is 
rapidly expanding, with significant drug 
approvals in the past 5 years. Although 
these agents offer exciting opportuni-
ties for patients, the health care team 
must thoughtfully consider the clinical, 
logistic, and economic factors when 
deciding which new agent or regimen to 
recommend. Practitioners must be aware 
of prevention and management strategies 
for potential adverse effects (AEs), a key 
element for treatment selection; patient 
education; and institutional readiness for 
use of antibody-drug conjugates (ADCs) 

and chimeric antigen receptor (CAR) T 
cells in R/R DLBCL. In this article, the 
role of pharmacists in identifying and 
mitigating unique toxicities of these 
novel therapies along with site-of-care 
considerations associated with ADCs and 
CAR T-cell therapy will be explored.

What therapy is standard of care in 
R/R DLBCL?
Chemoimmunotherapy with rituximab, 
cyclophosphamide, doxorubicin, vincris-
tine, and prednisone (R-CHOP) has been 
the frontline standard of care for DLBCL 
for more than 15 years. Outcomes from 
the pivotal study adding rituximab to the 
CHOP regimen report 5-year progres-
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sion-free (PFS) and overall survival (OS) of 54% and 58%, 
respectively.1 Despite the clear benefits for disease control 
and survival provided by R-CHOP, there are some patients 
who unfortunately either do not respond or experience relapse 
following frontline therapy. Results from the SCHOLAR-1 
study illustrate the unmet need for effective therapies in 
refractory DLBCL.2 In this large-scale multicenter retro-
spective review of 636 patients, the objective response rate 
(ORR) to next-line therapy was a mere 26%, with only 7% 
of patients achieving complete response. A median OS of 6.3 
months in this cohort underscores the importance of identi-
fying new therapeutic strategies. 

Until recently, the management of R/R DLBCL has been 
predicated primarily on a candidacy for autologous stem cell 
transplant (ASCT).3 Platinum-based salvage therapies such 
as rituximab, ifosfamide, carboplatin, and etoposide (R-ICE); 
rituximab, gemcitabine, carboplatin, and dexamethasone 
(R-GDP); or rituximab, dexamethasone, cytarabine, and cis-
platin (R-DHAP) are employed for young, fit transplant candi-
dates. No clear frontrunner has been identified in randomized 
trials of these regimens; selection is therefore based on other 
factors such as AE profile or institutional preference.4,5 Patients 
demonstrating chemosensitivity proceed to ASCT, but this is 
only the case for approximately 50% of those initially consid-
ered eligible. Ultimately, for patients who make it to ASCT, the 
chance of cure remains 25% to 35%.3 Patients unable to proceed 
with ASCT due to age, comorbidities, or failure to respond to 
salvage therapy have had few viable treatment options before 
the recent barrage of FDA approvals, primarily ADCs and 
CAR T-cell products.

How do emerging monoclonal antibodies and 
antibody-drug conjugates fit into the treatment 
paradigm of R/R DLBCL? 
Anti-CD20−based monoclonal antibodies (mAbs), such as 
rituximab, have long been considered integral in the treatment 
of B-cell malignancies, but additional cell surface targets 
are now proving to serve as effective targets as well. mAbs 
and ADCs targeting CD79b (polatuzumab vedotin-piiq) and 
CD19 (tafasitamab-cxix, loncastuximab tesirine-lpyl) have 
been approved in the past several years.6-8 Attached cyto-
toxic payloads on the targeted antibodies allow polatuzumab 
vedotin and loncastuximab tesirine to provide effective 
eradication of tumor-specific cells while potentially reducing 
risk of additional and cumulative toxicities of traditional 

cytotoxic chemotherapy. Dosing and administration of these 
agents are reviewed in the FIGURE6-11, and key elements and 
outcomes of each of the registration trials for these 3 agents 
are reviewed in TABLE 1.2,6,7 

Polatuzumab vedotin is an ADC targeting CD79b, a cell 
surface marker associated with B-cell receptor signaling with 
almost universal expression in patients with DLBCL.6 This 
antibody is equipped with monomethyl auristatin E (MMAE), a 
microtubulin inhibitor that is delivered directly to these malig-
nant B cells. Although the magnitude of expression of CD79b 
varies across patients, no specific threshold appears necessary 
to see the improvements in response rate, PFS, and OS. Benefits 
also appear to be maintained across subgroups of patients with 
high-risk features. Successful application in R/R DLBCL has 
prompted evaluation of polatuzumab vedotin as initial therapy. 
Results from the phase 3 POLARIX study, wherein polatu-
zumab replaces vincristine in R-CHOP (pola-R-CHP), are 
now published and highlight an improvement in PFS with this 
novel combination.12 

Loncastuximab tesirine is also an ADC, which targets 
CD19 and delivers a pyrrolobenzodiazepine (PBD) dimer 
payload.7 Unlike other newly approved agents, loncastuximab 
has been studied in patients who previously received CAR 
T-cell therapy. Of the 13 patients who received loncastuximab 

FIGURE. DOSING AND ADMINISTRATION OF APPROVED 
NOVEL MONOCLONAL ANTIBODIES AND ANTIBODY-DRUG 
CONJUGATES FOR RELAPSED/REFRACTORY DLBCL6-11

DLBCL, diffuse large B-cell lymphoma.
aGiven on days 2 and 3 of cycle 1 in GO29365 trial.
bFDA labeling = rituximab product, allowing for substitution with biosimilars, 
but remains silent on subcutaneous administration.
cUse adjusted body weight in individuals with BMI ³≥35 kg/m2.

Polatuzumab vedotin (Pola-BR)

•  Polatuzumab vedotin 1.8 mg/kg IV on day 1
•  Bendamustine 90 mg/m2 IV on days 1 and 2a

•  Rituximab 375 mg/m2 IV on day 1b

•  Cycle length: 21 days

•  Loncastuximab 0.15 mg/kg IV on day 1 of cycles 1 and 2, then 0.075 
mg/kgc on day 1

•  Cycle length: 21 days

•  Tafasitamab-cxix 12 mg/kg IV on days 1, 4, 8, 15, and 22 in cycle 1, 
weekly for cycles 2-3, every 2 weeks in cycles 4-12, then monthly after 
completing combination therapy

•  Lenalidomide 25 mg PO daily on days 1-21 of cycles 1-12
•  Cycle length: 28 days

Loncastuximab

Tafasitamab-cxix/lenalidomide



66 PHARMACYTIMES.ORG
FEBRUARY  2023

following a CAR T-cell product in the LOTIS-2 study, the 
ORR was comparable to that of the entire study population.7 
Moreover, in a small cohort of patients who underwent CAR 
T-cell therapy after loncastuximab as part of the same study, 
there was no signal of CD19 loss following this ADC. Together, 
these data indicate that loss of CD19 expression may not 
be as likely a cause of treatment failure or relapse for either 
of these modalities. 

Finally, tafasitamab-cxix is a traditional CD19-directed mAb 
with limited single-agent activity. Improved outcomes were 
seen for patients with sufficient baseline quantities of natural 
killer (NK) cells in a post hoc analysis of early-phase data.13 
The potential for synergistic activity with lenalidomide, which 
is known to enhance NK cell activity as well as activity in B-cell 
non-Hodgkin lymphoma, led to the rational combination of these 
2 agents.13 Long-term follow-up of the pivotal L-MIND study 

illustrates sustained activity with a median duration of response 
of 43.9 months, translating into a median OS of 33.5 months.14

How do CAR T-cell therapies fit into the treatment 
paradigm of R/R DLBCL?
CAR T-cell therapy represents an opportunity for patients 
who are otherwise ineligible for ASCT. Three CAR T-cell 
products are currently approved for R/R DLBCL: axicabta-
gene ciloleucel (axi-cel), tisagenlecleucel (tisa-cel), and 
lisocabtagene maraleucel (liso-cel).15-18 Outcomes for the 
registration studies for each are summarized in TABLE 2.15-19 
With the recent approval of axi-cel for use in first relapse 
and data anticipated for incorporating this agent in the front-
line setting, CAR T-cell therapies are poised to drastically 
impact the treatment paradigm of DLBCL.20,21 An analo-
gous evaluation of tisa-cel in the second line was unable 

TABLE 1. APPROVED NOVEL MONOCLONAL ANTIBODIES AND ANTIBODY-DRUG CONJUGATES FOR RELAPSED/REFRACTORY DLBCL2,6,7

Study Design Study population Efficacy

Loncastuximab 
tesirine

LOTIS-2 Phase 2, multicenter, 
open-label, single-arm

R/R DLBCL following 
≥2 prior regimens, 
including patients post-
ASCT and post-CAR 
T-cell therapya (N = 145)

ORR = 48.3%
•  CR = 24.1%
•  PR = 24.1%

mTTR = 41 days
mPFS = 4.9 months
mOS = 9.9 months

Polatuzumab 
vedotin

GO29365 Phase 2, multicenter, 
randomized comparing 
Pola-BR with BR

R/R DLBCL following ≥1 
prior line(s) of therapy; 
transplant ineligible 
(N = 80)

By independent review: 
CR

•  Pola-BR = 40%
•  BR = 17.5%
• P = .26

mDOR
•  Pola-BR = 12.6 months
•  BR = 7.7 months

mPFS
•  Pola-BR = 9.5 months
•  BR = 3.7 months
•  HR, 0.36; P <.001

mOS
•  Pola-BR = 12.4 months
•  BR = 4.7 months
•  HR, 0.42; P = .002

Tafasitamab-cxix L-MIND Phase 2, multicenter, 
open-label, single-
arm combination of 
tafasitamab-cxix and 
lenalidomide

R/R DLBCL following 
1-3 prior regimens; 
transplant ineligible 
(N = 81)

ORR = 57.5%
• CR = 40%
• PR = 17.5%

mTTR = 2 months
mDOR = 43.9 months
mPFS = 11.6 months
mOS = 33.5 months

ASCT, autologous stem cell transplant; CR, complete response; DLBCL, diffuse large B-cell lymphoma; mDOR, median duration of response; mOS, median 
overall survival; mPFS, median progression-free survival; mTTR, median time to response; ORR, objective or overall response rate; PR, partial response; R/R, 
relapsed/refractory.
aPatients who received prior CD19-directed therapies needed biopsy-proven CD19 expression of the current relapse event before study enrollment.
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to show superiority compared with standard therapy.22 An 
interim analysis of liso-cel in this setting illustrates supe-
riority over standard salvage therapy followed by ASCT.18 
Additionally, liso-cel has been evaluated in patients with R/R 
disease who are not eligible for ASCT, showing favorable 
response rates.23

Differentiating among therapies is often provider and/or insti-
tution specific and may be based on familiarity, manufacturing 

metrics, and payer reimbursement in addition to traditional 
efficacy and safety parameters. Elements of the CAR design 
impact the overall kinetics of T-cell expansion and potentially 
AEs and disease outcomes.24 Tisa-cel and liso-cel rely on 
the 4-1BB co-stimulatory domain, which is associated with 
slower T-cell expansion with prolonged persistence, whereas 
axi-cel uses a CD28 in this capacity, leading to rapid expan-
sion of T cells. Clinically, the rate of CAR T-cell expansion 

TABLE 2. APPROVED CAR T-CELL THERAPIES FOR RELAPSED/REFRACTORY DLBCL15-19

FDA indication(s) in 
DLBCL

Study Design Study 
population

Efficacy

Axi-cel 2nd line: DLBCL 
refractory to or 
relapse within 12 
months of first-line 
CIT
3rd line and beyond: 
DLBCL following 
>2 lines of systemic 
therapy

ZUMA-1 Phase 2, 
multicenter, 
single arm

Refractory 
DLBCL; PD or 
SD to most 
recent therapy 
or PD/relapse 
within 12 
months after 
ASCT (N = 108)

ORR = 82%
•  CR = 54%
mTTR = 1 month
mDOR = 11.1 months
mPFS = 5.8 months
mOS = not reached

Manufacturing timea: 17 days

Tisa-cel 3rd line and beyond: 
DLBCL following 
>2 lines of systemic 
therapy

JULIET Phase 2, 
multicenter, 
open-label, 
single arm

R/R DLBCL 
following >2 
prior regimens 
including 
rituximab 
and an 
anthracycline; 
including 
patients 
ineligible for 
ASCT (N = 111)

ORR = 52%
•  CR = 40%
mTTR = 1 month
mDOR = not reached
mPFS = 6.8 months
mOS = 21.1 months

Time from enrollment to 
infusion: 54 days

Liso-cel 2rd line and beyond: 
DLBCL following 
>2 lines of systemic 
therapy

TRANSCEND 
NHL 001

Phase 2, 
multicenter, 
single-arm

R/R DLBCL 
following >2 
prior regimens 
(N = 269)

ORR = 73%
•  CR = 53%
mTTR = 1 month
mDOR = not reached
mPFS = 6.8 months
mOS = 21.1 months

Manufacturing timeb: 37 days

TRANSFORM Phase 3, 
multicenter, 
randomized, 
double-arm 
vs standard 
of care

Primary 
refractory to 
or relapsed ≤12 
months after 
first line therapy 
(N = 184 [liso-
cel 92 patients 
vs SOC 92 
patients])

ORR: liso-cel 86% vs SOC 48%; 
P <.0001
• CR: liso-cel 66% vs SOC 
39%; P <.0001
mPFS: liso-cel 14.8 months vs 

SOC 5.7 months; P = .0001
mOS: liso-cel NR vs SOC 

16.4 months; P = .0257

ASCT, autologous stem cell transplant; CIT, chemoimmunotherapy; CR, complete response; DLBCL, diffuse large B-cell lymphoma; mDOR, median duration of response; 

mOS, median overall survival; mPFS, median progression-free survival; mTTR, median time to response; NR, not reached; ORR, objective or overall response rate; PD, 

progressive disease; R/R, relapsed/refractory; SD, stable disease.
aTime from leukapheresis to CAR T-cell delivery.
bTime from leukapheresis to CAR T-cell infusion.
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appears to translate into differences seen in cytokine release 
syndrome (CRS) and immune effector cell-associated neurotox-
icity syndrome (ICANS), with a longer time to onset for tisa-
cel and liso-cel, explaining why these may be more attractive 
options for outpatient administration.

With the growing armamentarium of agents, is there 
guidance for the most appropriate way to sequence 
these agents?
A paucity of data exists to support precise sequencing algo-
rithms for novel mAbs, ADCs, and CAR T-cell products in 
relapsed/refractory DLBCL. Multiple factors may impact 
the decision of how and when to use each of the aforemen-
tioned therapies. In the absence of head-to-head compari-
sons, factors to assist in decision making include CAR T-cell 
candidacy, disease behavior (eg, high-risk features, kinetics 

of disease progression), patient or provider preferences, 
tolerability, and cost. Emerging data for polatuzumab vedotin 
in the frontline setting or the recent approval for axi-cel as a 
second-line agent could help define a more universal pathway 
in R/R DLBCL.12,20 A cross-sectional survey was conducted 
by the American Society for Transplantation and Cellular 
Therapy of practicing lymphoma and cellular therapy physi-
cians to assess preferred practice for patients post-CAR 
T-cell therapy. These data suggest that in the event of relapse 
post-CAR T-cell therapy, most responding participants assess 
for potential targetable antigens (eg, CD19) and/or biopsy 
to guide further treatment decisions, and then proceed with 
salvage alternate CAR T-cell therapy. However, there is vari-
ability among practitioners in routine surveillance post-CAR 
T-cell therapy, and also treatment at the time of relapse.25

Regardless of when CAR T-cell therapy is used in the course 

TABLE 3. SELECT ADVERSE EFFECTS FROM PIVOTAL STUDIES OF RELAPSED/REFRACTORY DLBCL6-9,15-17

Adverse effect Pola-BR Loncastuximab 
tesirine

Tafa-len Axi-cel Tisa-cel Liso-cel

Hematologic

Grade 3/4 neutropenia 46.2% 26% 48% 78% 16%a 60%

Grade 3/4 febrile 
neutropenia

10.3% 3% 12% 31% 14% 9%

Grade 3/4 
thrombocytopenia

41% 18% 17% 38% 16%a 27%

Grade 3/4 anemia 28.2% 3% 7% 43% 16%a 37%

Grade 3/4 lymphopenia 12.8% 5% 3% NR NR NR

Nonhematologic

Infusion reactions 7% 5% 6% NR NR 1%

Other notable adverse 
effects

Related to MMAE 
payload:
PN

Related to PBD 
dimer payload: 
edema, effusion, 
rash, elevated 
GGT

Diarrhea, rash
Risk for VTE 
(consider ASA 
or other ppx)

Hemophagocytic lymphohistiocytosis/
macrophage activation syndrome, 
hypogammaglobulinemia

Grade 3/4 CRS
Incidence
Median time to onset
Median time to resolution

13%
2 days
8 days

22%
3 days
7 days

2%
5 days
5 days

Grade 3/4 ICANS
Incidence
Median time to onset
Median time to resolution

28%
5 days
By day 17 
after axi-cel

12%
6 days
14 days

10%
9 days
11 days

ASA, aspirin; axi-cel, axicabtagene ciloleucel; CRS, cytokine release syndrome; GGT, gammaglutamyl transferase; ICANS, immune effector cell associated neu-
rotoxicity syndrome; liso-cel, lisocabtagene maraleucel; MMAE, monomethyl aurastatin E; NR, not reported; PBD, pyrrolobenzodiazepine; pola-BR, polatuzumab 
vedotin, bendamustine, and rituximab; ppx, prophylaxis; tisa-cel, tisagenlecleucel; tafa-len, tafasitamab-cxix and lenalidomide; VTE, venous thromboembolism.
aReported as any grade 3 or higher cytopenia resolved by day 28.
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of treatment, providers must consider timing for therapy initia-
tion at the time of relapse. The manufacturing process of CAR 
T-cell therapy takes weeks from initial leukapheresis, and there 
may be challenges in health care center space and availability.26 
Bridging therapy may therefore be required to control a rapidly 
progressive lymphoma if CAR T-cell therapy is the ultimate 
goal. In such cases, use of pola-BR is not preferred immedi-
ately prior to leukapheresis due to bendamustine-associated 
lymphodepletion.27 Convenience of the loncastuximab adminis-
tration schedule, along with the limited data for use both before 
and after CAR T-cell therapy, are attractive features that cannot 
be overlooked, though more data are needed to characterize 
the impact of how CD19-directed therapies are sequenced.7,28 
Barriers for use of tafa-len, in comparison, include an initially 
intensive schedule for the intravenously administered antibody 
along with acquisition of lenalidomide through limited-distribu-
tion specialty pharmacies, REMS requirements, and the potential 
for nonadherence.28 However, this remains a viable option for 
long-term disease control, especially for older or infirm patients 
who would not be candidates for ASCT or CAR T-cell therapy. 

What are some of the common AEs seen with 
emerging therapies, and how can pharmacists assist 
in management?
Hematologic AEs are associated with all novel therapies; 
rates are summarized in TABLE 3.6-9,15-17 These are manageable 
with strategies including dose interruption, reduction, and use 
of granulocyte colony-stimulating factors (G-CSFs).9-11 Also, 
despite pola-BR causing a higher rate of grade 3 cytopenias 
compared with BR, this did not translate to an increased rate 
in infections or transfusion requirement.6 For combination 
regimens, consideration must also be taken to identify the 
most likely causative agent when determining any necessary 
modifications to therapy. For example, in the L-MIND study 
of tafasitamab-cxix plus lenalidomide, nearly 50% of patients 
developed significant neutropenia and a significant propor-
tion of patients required dose reductions of lenalidomide for 
AEs, though specific reasons for lenalidomide reductions are 
not explicitly stated.8 It is unclear if the cause of neutropenia 
here can be linked to lenalidomide alone or an effect of the 
combination, but secondary prophylaxis with G-CSFs was 
ultimately required in 44% of patients. Understanding AEs of 
partner agent(s) equips pharmacists with valuable informa-
tion for treatment planning and patient education. 

Infusion-related reactions (IRRs) are associated with mAbs, 
with minimal risk for many of the emerging agents.7-9,17 However, 

pharmacists play a key role in ensuring appropriate supportive 
care medications are prescribed and standardized premedications 
are a part of treatment plans. Antipyretics and antihistamines are 
recommended before both polatuzumab and tafasitamab-cxix, 
and steroids are also recommended for tafasitamab-cxix.9,11 
Loncastuximab does not require specific premedications for 
prevention of IRRs, but patients receive a short course of low-
dose dexamethasone (4 mg twice daily for 3 days, starting the 
day before infusion) for prevention of edema.7,10 

Although there are many commonalities, each of these mAbs 
and ADCs are also associated with their own unique toxicities. 
For example, polatuzumab vedotin is known to cause periph-
eral neuropathy due to the MMAE payload.6,7 Although this 
is potentially reversible, alternative therapies are preferred for 
patients with existing uncontrolled neuropathy. The PBD dimer 
component of loncastuximab tesirine has been implicated in 
the development of edema, effusion, rash, and elevations of 
gamma-glutamyltransferase (GGT).7 Nonhematologic AEs such 
as rash and diarrhea were seen in L-MIND, all of which have 
been well-described with use of lenalidomide.8,29 Providers may 
also consider prophylaxis with aspirin or anticoagulation due to 
the known risks of thromboembolic events with lenalidomide.8

What is the role of the pharmacist in assessing AEs of 
cellular therapies?
CRS and ICANS are acute toxicities of special interest for 
treatments that promote immune function of host T cells, 
including CAR T-cell therapies.30 Both comprise a constella-
tion of symptoms including fever, chills, shortness of breath, 
and hypotension among others for CRS and headache, confu-
sion, and aphasia for ICANS. Tocilizumab, an IL-6 receptor 
antagonist, rapidly reverses CRS, and corticosteroids are a 
cornerstone of managing isolated ICANS. Prompt assessment 
and treatment of symptoms associated with CRS or ICANS 
are essential to reduce the potential need for intensive care. 
These risks led the FDA to require risk evaluation mitigation 
strategy (REMS) programs for all CAR T-cell products. Sites 
must also ensure 2 doses of tocilizumab are available for each 
patient before infusion of CAR T cells.28-30

Pharmacists are well-positioned for involvement in educa-
tion, training, and protocol development for management of 
CRS and ICANS, including adapting guidance on use of tocili-
zumab, corticosteroids, and how to incorporate antiepileptic 
prophylaxis. All of these activities not only satisfy enrollment 
and continued compliance in REMS programs, but also provide 
a platform to optimize patient outcomes within an institution. 
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Staying abreast of clinical updates, such as the findings of cohort 
4 of the ZUMA-1 study revealing that earlier use of cortico-
steroids and/or tocilizumab reduces progression to severe CRS 
and ICANS, allows the pharmacist an opportunity to initiate 
mechanisms to update strategies at their own institution.31 

Likewise, establishing a system to guarantee adequate supply 
of tocilizumab requires pharmacy participation, especially in 
times of drug shortage where allocation between various indica-
tions may be necessary. 

Similarly, an awareness of institutional experiences and 
global positions on management of CAR T-cell−related 
cytopenias renders a pharmacist an asset to the care team in 
assessing appropriate use of colony-stimulating factors, such 
as neutropenia and B-cell aplasia infection risk. Pharmacists 
are able to manage prophylactic antimicrobials through agent 
selection, therapy initiation, and discontinuation. Additionally, 
pharmacists can assist with development of institution-specific 
standard practices. 

With the potential for outpatient administration of 
CAR T cells, what are some considerations for the 
health care team?
During initial development, CAR T cells were primarily 
administered in the inpatient setting. Despite the risks of 
CRS and ICANS, safe outpatient administration has garnered 
significant attention. This is predicated on the best inter-
ests of patients and institutions. Key factors in determining 
the viability of an outpatient administration model include 
appropriate infrastructure, including physical space and 
staffing; mechanisms for urgent triage; and potential finan-
cial impacts of hospitalization.24,32 Inpatient reimbursement is 
limited based on diagnosis-related group bundled payments, 
whereas outpatient administration allows institutions to bill 
for 6% above the average wholesale price. Outpatient admin-
istration shifts resource utilization and has the potential to 
improve reimbursement of these therapies.24 Through use of 
collaborative practice agreements or in areas where there is 
an ability to gain provider-level status, pharmacists could 
step in to make supportive care interventions in real time, 
which may alleviate a portion of any identified need for 
additional staffing. Even with these elements in place, timely 
assessment of potential CRS or ICANS also relies on patients 
remaining within a reasonable geographic area of the clinic 
for the first month following infusion.24 

Despite the potential benefits of outpatient administration of 
CAR T-cell therapies, there are considerations with payment in 

the event patients are hospitalized. For example, Medicare 
imposes reimbursement penalties for admissions within 
72 hours of administration. Nevertheless, reimbursement 
structures for outpatient CAR T-cell administration may 
overcome the reduced payments for hospitalization of the 
occasional patient requiring admission in this 72-hour window.24 
Small data sets describing the outpatient administration 
experience from various institutions illustrate that although 
the likelihood of admission is significant, the median time 
to admission is 4 to 5 days.32–35 Known factors that impact 
the predictability of incidence and time to onset of CRS and/
or ICANS symptoms include product selection and patient 
disease features.24 Axi-cel is associated with shorter time 
to onset of CRS and ICANS, likely due to use of the CD28 
co-stimulatory domain. Liso-cel and tisa-cel, which both use 
4-1BB instead of CD28, are attractive CAR T-cell products for 
outpatient administration, as there is a lower incidence of 
CRS, and also a delayed time to onset. Significant disease 
burden, poor performance status, and elevated lactate 
dehydrogenase have been shown to confer greater risk 
for CRS/ICANS. 

Recommendations for developing a successful foundation 
for outpatient administration of CAR T-cell therapy focuses 
on considering the needs to facilitate daily follow-up, training 
of staff, establishing clear policies and procedures, and identi-
fying appropriate patients.24,32 Proximity to the infusion center, 
ability to comply with frequent visits, and clear understanding 
of concerning symptoms that require prompt evaluation and 
intervention are all integral when considering patients for 
outpatient CAR T-cell therapy. Pharmacists can reduce the 
burden of these potential barriers by assisting in the develop-
ment of institutional guidelines, building standard orders for 
associated therapy elements (eg, lymphodepleting therapy, 
supportive care including tocilizumab), and generating patient 
and caregiver education. 

Conclusion
Multiple novel therapeutic agents are now available for R/R 
DLBCL. Evidence to support optimal sequencing remains 
unclear, making it vital for pharmacists to understand differ-
ences in toxicity profiles. Approval of CAR T-cell therapy 
earlier in the treatment of DLBCL will increase the number 
of eligible patients. This may tip the scale for site of admin-
istration toward the ambulatory setting to accommodate 
more widespread use, forcing centers to devise plans for 
safe administration. 
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POSTTEST QUESTIONS

1. Which option accurately pairs a novel therapy for 
relapsed/refractory diffuse large B-cell lymphoma 
(DLBCL) with appropriate premedication(s) to prevent 
infusion-related reactions?
A. Loncastuximab tesirine: dexamethasone 
B. Polatuzumab vedotin: acetaminophen, dexamethasone 
C. Tisagenlecleucel: dexamethasone, tocilizumab
D. Tafasitamab-cxix: dexamethasone, famotidine

2. TR is a 45-year-old woman with DLBCL who received 
first-line therapy with rituximab, cyclophosphamide, 
doxorubicin, vincristine, and prednisone and has 
relapsed 8 months after completing therapy. As you 
counsel her in clinic prior to her hospital admission 
for axicabtagene ciloleucel (axi-cel), she asks why this 
treatment is appropriate for her. Your response is that 
axi-cel is:
A. Preferred in patients who have relapsed disease within 

12 months
B. Preferred in patients with relapsed disease who have 

received autologous stem cell transplantation
C. Preferred over other CAR T-cell therapies when 

administered as inpatient
D. Associated with the lowest incidence of adverse 

effects 

3. Which of the following therapies has the most evidence 
to support outpatient administration based on adverse 
effect risk?
A. Axicabtagene ciloleucel
B. Brexucabtagene autoleucel
C. Idecabtagene vicleucel
D. Lisocabtagene maraleucel
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Introduction 
The treatment landscape for hemato-
logic malignancies is rapidly evolving. 
Chimeric antigen receptor (CAR) T cells 
are autologous, genetically modified 
T cells that can recognize and elimi-
nate cells expressing a specific target 
antigen.1 CAR T cells have demonstrated 
significant activity in relapsed/refractory 
hematologic malignancies.2 Since August 
2017, the FDA has approved 6 CAR 
T-cell constructs covering numerous indi-
cations, including relapsed or refractory 
B-cell lymphoma, mantle cell lymphoma, 
follicular lymphoma, acute lymphoblastic 
leukemia, and multiple myeloma.3-12 
The unprecedented outcomes of CAR T 
cells in later lines of therapy have led to 
the investigation of the administration 
of CAR T cells earlier in the treatment 

course as second-line therapy. 
The incorporation of CAR T cells 

into treatment guidelines has led to new 
challenges, requiring management by a 
specialized team of experts. In this article, 
questions on the challenges of CAR 
T-cell therapy and the role that pharma-
cists have as part of the multidisciplinary 
team will be explored. 

What are potential challenges the 
health care team may experience 
in caring for patients who are 
candidates for CAR T-cell therapy?
One of the biggest challenges that health 
care professionals are currently facing is 
the availability of manufacturing slots, 
which is impacted by the CAR T-cell 
product itself and the manufacturing 
company. Specifically, there is currently 
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a shortage of available CAR T-cell therapy slots for patients 
with multiple myeloma, creating a challenge in determining 
which patients receive highest priority for treatment.13 

Furthermore, supply chain constraints affecting the raw mate-
rials needed for manufacturing CAR T cells may impact the 
timing of administration. Manufacturers are assessing inno-
vative methods to improve both the efficiency of the manu-
facturing process and turnaround times for the manufacturing 
of CAR T-cell therapies.14 In addition, the current centralized 
manufacturing models limit the capacity and turnaround time 
from apheresis to end of product development.15,16 

Institutions administering CAR T-cell therapy are required to 
have 2 doses of tocilizumab available in the event of cytokine 
release syndrome (CRS). The COVID-19 pandemic impacted 
the availability of tocilizumab, as the FDA issued an Emergency 
Use Authorization for tocilizumab for the treatment of COVID-
19. This shortage strained the ability of hospitals to meet the 
Risk Evaluation and Mitigation Strategy (REMS) requirements 
of having 2 available doses of tocilizumab per patient. In light 
of this shortage, the FDA issued temporary guidance allowing 
institutions to have 1 dose available on site for immediate 
administration within 2 hours of CAR T-cell infusion and a 
second dose available within 8 hours of the first tocilizumab 
dose.17 Other measures that have been observed to alleviate the 
shortage include encouraging clinicians to enroll patients in 
clinical trials assessing prophylactic measures to prevent CRS 
or immune effector cell-associated neurotoxicity syndrome 
(ICANS), initiating earlier use of corticosteroids, limiting the 
administration of tocilizumab to 2 doses, rounding tocilizumab 
dose to the nearest vial size, and utilizing the patient’s ideal 
body weight to calculate the tocilizumab dose. 

Financial challenges are also ongoing. This includes the total 
cost of care, which may impact accessibility of therapy for 
patients. Outpatient administration of CAR T cells has been 
found to be more economical compared with inpatient admin-
istration and is also associated with a reduced length of hospital 
stay.2,18 There is a need for institutions administering CAR T-cell 
therapies in the outpatient setting to have a robust infrastructure 
and a workflow allowing for safe administration of therapy, as 
well as appropriate means of patient monitoring and follow-up.

Recognizing that some of these challenges do not have 
immediate solutions, health care professionals continue to work 
to improve the process of manufacturing therapies, as well 
as methods of administration in order to enhance safety and 

efficacy outcomes of CAR T-cell therapies. Additional consid-
erations when administering CAR T-cell therapy that require 
further studies include limiting lymphotoxic therapies prior to 
the administration of CAR T cells to enable successful collection 
of autologous T cells, identifying the optimal bridging therapy 
prior to the administration of CAR T cells, standardizing adverse 
effect grading systems and toxicity management, and providing 
continued education to all members of the medical team taking 
care of patients receiving CAR T-cell therapy. 

How long is the manufacturing process for CAR T-cell 
therapy? 
The production process of CAR T cells is lengthy and 
requires several steps (FIGURE19).19,20 The process begins at 
the treatment center with cell collection from the patient via 
leukapheresis that is then cryopreserved and delivered to 
the manufacturing facility. At the manufacturing facility, T 
cells are activated via the T-cell receptor CD3 and costimula-

FIGURE. PATIENT JOURNEY TO CAR T-CELL INFUSION19

CAR, chimeric antigen receptor; CRS, cytokine release syndrome; ICANS,  
immune effector cell-associated neurotoxicity syndrome. 

Figure republished from Makita S, et al. Cancer Science. 2017;108(2017):1109-
1118, under the terms of a Creative Commons Attribution-NonCommercial 
License.

Pharmacist Responsibilities

•  Monitor for CRS/
ICANS

•  Complete discharge 
medication 
counseling

•  Complete patient 
follow-up post-
discharge

Counsel on 
bridging therapy 

•  Complete medication 
reconciliation

•  Identify drug-drug 
interactions

•  Assess 
lymphodepletion 
chemotherapy

•  Ensure supportive care 
medications

1. Leukoapheresis

2. T cell activation 3. Transduction of CAR 4. CAR-T expansion

Lymphodepletion-
chemotherapy 5. Infusion of CAR-T
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tory signals, such as CD28 or 4-1BB. Transduction of the 
CAR complementary DNA occurs via retroviral or lentiviral 
vectors. CAR T cells are then expanded ex vivo, cryopre-
served, and delivered back to the treatment centers for 
administration to the patient. While this process is similar 
for all CAR T cells, the turnaround time differs, ranging up 
to 6 weeks, owing to the different CAR T-cell constructs as 
well as location of the manufacturer relative to the treatment 
center (TABLE 121-30).

What is the role of bridging therapy prior to CAR 
T-cell therapy? Is there a preferred regimen for use? 
Following leukapheresis and prior to the infusion of CAR T 
cells, patients may receive bridging therapy, which works to 
maintain disease control or prevent disease progression while 
the CAR T cells are manufactured. Bridging therapy may also 
impact the clinical response to CAR T-cell therapy.31

Several types of bridging therapy have been used in CAR 
T-cell trials, including immunotherapy, chemotherapy or 
targeted therapy, and radiation. A combination of these 
therapies is sometimes used to optimize patient outcomes. 
The goal of administering chemotherapy is to inhibit tumor 
cell proliferation and limit expansion of malignant disease. 
Immunotherapies exert their cytotoxicity via recruitment of 
immune effector cells, such as macrophages and natural killer 

cells or effector T cells. Radiation therapy is a debulking 
strategy delivered locally to the primary tumor or to specific 
metastatic sites.31 

While the choice of bridging therapy is currently not stan-
dardized, the optimal regimen is based on prior therapy the 
patient has received, disease burden, expected time to CAR 
T-cell infusion, adverse effects of chemotherapies used, patient 
comorbidities, and physician discretion.

What outcomes have been seen in real-world data?
Real-world data on the use of CAR T cells have been reported 
for axicabtagene ciloleucel (axi-cel) and tisagenlecleucel 
(tisa-cel). In a real-world, prospective study for tisa-cel, it 
was found that tisa-cel demonstrated similar efficacy and 
even improved safety outcomes compared with what was 
observed in the ELIANA and JULIET trials.32 A real-world 
study of axi-cel found similar efficacy outcomes to that of the 
ZUMA-1 trial; this was also the case for patients with more 
aggressive disease and higher comorbidities, who may have 
been deemed ineligible for inclusion in the ZUMA-1 cohort.33 
Compared with the real-world data, patients included in 
the clinical trials had relatively lower comorbidity status 
(TABLE 226-28,32,33).

How do pharmacists impact a patient’s journey 
through CAR T-cell therapy? 
Pharmacists play a significant role in optimizing the care and 
treatment outcomes for patients receiving CAR T cells. From 
an operational standpoint, pharmacists are involved in the 
creation of electronic order sets that include lymphodepletion 
chemotherapy regimens, doses, and duration of therapy for 
each specific CAR T-cell product. Pharmacists also ensure 
necessary supportive care medications are ordered, including 
antiemetics, intravenous fluids, prophylactic antimicrobials, 
seizure prophylaxis, and medications used for the management 
of infusion-related reactions. Pharmacists are also involved 
in reviewing, verifying lymphodepletion chemotherapy 
orders, and labeling of the CAR T-cell product. The labeling 
component may vary among institutions owing to differences 
in cellular therapy laboratory and pharmacy resources. Clini-
cally, pharmacists are responsible for completing a detailed 
medication reconciliation prior to CAR T-cell administration 
as well as identifying drug-drug interactions.20

In addition, pharmacists may be involved in education 
provided to the patient and their caregiver on the rationale for 
lymphodepletion chemotherapy and potential short- and long-

TABLE 1. CAR T-CELL PRODUCTION TIMES21-30

CAR T-cell therapy (trial) Median turnaround time from 
leukapheresis to release of 
CAR T cells (days)

Brexucabtagene 
autoleucel (ZUMA-3)

13

Brexucabtagene 
autoleucel (ZUMA-2)

16

Axicabtagene ciloleucel 
(ZUMA-1)

17

Lisocabtagene maraleucel  
(TRANSCEND NHL 001)

24

Ciltacabtagene autoleucel 
(CARTITUDE-1)

29

Tisagenlecleucel (ELIANA) 45 days to infusion

Tisagenlecleucel (JULIET) 54 days to infusion

Axicabtagene ciloleucel 
(ZUMA-5)

17

Idecabtagene vicleucel 
(KarMMA)

NR

CAR, chimeric antigen receptor; NR, not reported.
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term toxicities of chemotherapy and CAR T cells. After CAR 
T-cell administration, pharmacists can be involved in moni-
toring for the development of any signs or symptoms of CRS 
and ICANS and can offer recommendations on the appropriate 
management of these toxicities. 

All medical providers and pharmacists caring for patients 
receiving CAR T-cell therapy are required to enroll in a REMS 
program to reinforce that all members are aware of the compli-
cations of CAR T cells. This mandatory program ensures 
appropriate monitoring and management of the potentially 

TABLE 2. TRIAL SUMMARIES FOR REAL-WORLD DATA AND THE CORRESPONDING CLINICAL TRIAL DATA26-28,32,33

CAR T-cell product (trial) Design Patient population Outcomes

Tisa-cel (ELIANA) Phase 2, single-
arm, open-label, 
international, 
multicenter

75 patients with R/R pediatric 
and young adult ALL 
received tisa-cel

Primary end point:
•  ORR (CR/CRi): 81%
Secondary end points:
•  CR: 60%; CRi: 21%
•  RFS: 80% (6 mo); 59% (12 mo)
•  EFS: 73% (6 mo); 50% (12 mo)
•  OS: 90% (6 mo); 76% (12 mo)

Tisa-cel (JULIET) Phase 2, single-
arm, open-label, 
international, 
multicenter

111 patients with R/R DLBCL 
received tisa-cel

Primary end point:
•  ORR (CR/PR): 52%
Secondary end points:
•  CR: 40% 
•  Median DOR: NR
•  Median PFS: NR
•  Median OS: 12 mo

Tisa-cel data

Real-world, 
prospective study 
in United States and 
Canada

255 patients with R/R 
pediatric and young adult 
ALL received tisa-cel

Primary end point:
•  ORR (CR/Cri): 85.5%
Secondary end points:
•  DOR: 78.1% (6 mo); 60.9% (12 mo)
•  EFS: 68.6% (6 mo); 52.4% (12 mo)
•  OS: 88.5% (6 mo); 77.2% (12 mo)

155 patients with R/R NHL 
received tisa-cel

Primary end point:
•  ORR (CR/PR): 61.8%
Secondary end points:
•  CR: 39.5% 
•  12-mo DOR: 48.4%
•  12-mo PFS: 26.4%
•  12-mo OS: 56.3%

Axi-cel (ZUMA-1) Phase 2, single-arm, 
open-label, interna-
tional, multicenter

101 patients with R/R DLBCL 
received axi-cel

Primary end point:
• ORR (CR/PR): 83%
Secondary end points:
• CR: 54% 
•  Median DOR: 11.1 mo
•  Median PFS: 5.9 mo
•  Median OS: NR

Axi-cel data Real-world, pro-
spective, post-
authorization safety 
study in the United 
States

1297 patients with R/R DLBCL 
received commercial axi-cel

Primary end point:
•  ORR (CR/PR): 73%
Secondary end points:
• CR: 56% 
• Median DOR: NR
•  Median PFS: 8.6 mo
•  Median OS: 21.8 mo

ALL, acute lymphoblastic leukemia; axi-cel, axicabtagene ciloleucel; CR, complete response; CRi, complete response with incomplete hematologic recovery; DLBCL, 

diffuse large B-cell lymphoma; DOR, duration of response; EFS, event-free survival; mo, months; NHL, non-Hodgkin lymphoma; ORR, overall response rate; OS, overall 

survival; R/R, relapsed/refractory; RFS, relapse-free survival; tisa-cel, tisagenlecleucel. 
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life-threatening CRS and neurotoxicities of CAR T cells.34  The 
REMS program also requires that centers authorized to admin-
ister CAR T cells have at least 2 doses of tocilizumab on site for 
each patient. This requirement has been temporarily amended 
due to a tocilizumab drug shortage.17 

Conclusion 
CAR T-cell therapy provides a promising therapeutic option, 
particularly for patients with advanced hematologic malig-
nancies. A multidisciplinary team is integral to the success 
of CAR T-cell administration, both inpatient and outpatient. 
A focus on the clinical and logistical complexities of CAR 
T-cell therapy requires institutions to continue to outline and 
identify challenges and establish strategies to mitigate them 
to optimize patient safety and outcomes.
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POSTTEST QUESTIONS

1. Which phrase highlights a challenge for the multidisci-
plinary team when caring for patients receiving chime-
ric antigen receptor (CAR) T-cell therapy?
A. Drug shortages with supportive care medications 
B. Limiting infusions to inpatient settings
C. Geographic restrictions within 30 minutes
D. Inadequate patient and caregiver education

2. Which action represents an opportunity for pharmacist 
involvement with outpatient administration of CAR T-
cell therapies?
A. Ensuring appropriate supportive care 
B. Standardizing cytokine release syndrome grading 
C. Assessing donor eligibility
D. Recommending inpatient monitoring

3. QW is a 62-year-old man presenting for a consultation 
to consider second-line treatment with axicabtagene 
ciloleucel for relapsed diffuse large B-cell lymphoma. 
Which of the following is a potential challenge in his 
care?
A. Outpatient administration is required for insurance 

coverage
B. Requirement for inpatient admission
C. Formulary restrictions with supportive care  

medications
D. Drug shortages with supportive care medications 
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