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Abstract
Newly approved agents such as gemtuzumab, midostaurin, gilteritinib, and 
venetoclax have created a shift in current treatment practices for acute 
myeloid leukemia (AML). These agents have evidence for improving AML 
patient outcomes and act as targeted therapy for specific AML subtypes. 
Pharmacists hold critical roles in evaluating the safety and use of these 
new agents as well as the cancer continuum of AML.

A cute myeloid leukemia 
(AML) is one of four 
leukemia subtypes that 
affect myeloid stem cells. 
This cancer accounts for 

1.1% of all new cancer cases in the United 
States and yields a 28.7% 5-year survival 
from diagnosis, which is 35% less than the 
average 5-year survival rate for all leukemia 
types.1 Compared to other cancers, AML 
has the most expensive initial 1-year 
treatment costs, averaging $182,900 (the 
next most expensive are cancers of the brain, 
which average $134,400).2 With a mean 
age of 68 at diagnosis, AML is considered a 
cancer of the elderly; however, it can affect 
all ages.1 The death rate of AML has steadily 
decreased, from 8.36 deaths per 100,000 
cases in 1980, to 6.27 in 2016. This 
decrease is due in part to recent treatment 
advances and pharmacist intervention in an 
interdisciplinary team.  

In Wisconsin, the most recent census 
data shows that the state population of 
individuals aged ≥65 increased by 2.1% over 
the last 10 years.3,4 With a growing elderly 
population, there is cause for concern about 
growing cancer incidence. Public health 
data for age-adjusted rates surrounding 
AML from the Wisconsin Department of 
Health Services estimated a rate of 4.7 AML 
cases per 100,000 individuals for 2012 to 
2016.4 With a current state population of 
5,822,434, an estimated 274 new AML 
cases will occur every year.3 Though the 
number of cases is numerically low, the 
expected healthcare burden is an estimated 
$50,114,600 in direct treatment costs per 
year.

As part of the interdisciplinary 
healthcare team, pharmacists hold an 
important role in both treating patients 
and addressing the financial burden of 
treatment. Pharmacists’ knowledge of 

medication use, oversight, and treatment 
management is paramount in patient 
health outcomes. With the recent approval 
of new AML agents such as gemtuzumab 
ozogamicin, midostaurin, gilteritinib, 
venetoclax, and more in the pipeline, the 
pharmacist’s expertise serves to guide the 
cancer continuum team. In this article, the 
authors attempt to provide a brief overview 
of AML and discuss both new treatments 
and the contributions of the pharmacist in 
AML care.

AML Overview and Mutational 
Analysis

Acute myeloid leukemia is a 
hematological malignancy characterized by 
abnormal differentiation and proliferation 
of immature myeloid cells.5 The gold 
standard for the diagnosis of AML is an 
examination of peripheral blood smears with 
confirmation performing a needle aspiration 
and biopsy of marrow from the iliac crest.6 
The most frequent subtype presentation is 
M2, accompanied by weakness and bleeding 
abnormalities.5 Since AML is a highly 
variable disease, the clinical presentation 
may include multiple nonspecific signs 
and symptoms. These symptoms may 
include fever, weight loss, and anorexia, 
and can manifest as sternal discomfort 

with pancytopenic phenomena.5,7 In rare 
cases, leukocytic infiltration resulting in 
disseminated intravascular coagulation 
causes risk for intracranial hemorrhaging; 
this is a common occurrence in the M3 
and M5 subtypes, which contributes to the 
leading cause of death in AML patients.8-10 

The primary pathogenesis of AML 
results from chromosomal translocations. 
Exact mechanisms for chromosomal 
alterations are not completely understood; 
however, these abnormalities involve 
improper or unusual rearrangements of 
chromosomes resulting in protein alterations 
that affect myeloid stem cell maturation.11 
The most common translocations, t(15;17), 
t(8;21), and inv(16), account for 3%-10% 
of abnormalities found.12,13 In addition, 
there are a host of mutations that can alter 
AML prognosis. 

Mutational analysis involves the 
pharmacogenomic process of determining 
patient prognostic factors; this is done 
by examining genetic mutations. By 
recommending the use of this gene-guided 
therapy, pharmacists take charge in seeking 
the best treatment outcomes for their 
patients through the selection of targeted 
therapies. For those with AML, cytogenetics 
play a role in assessing disease progression, 
prognosis, and therapy. With recently 
approved agents, mutational analysis is 
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crucial in assessing the appropriateness of 
treatment. In 2016, a study conducted by 
Papaemmanuil and colleagues enrolled 
1,540 patients with AML into three 
prospective trials. The investigators were 
determined to identify AML genotypes 
and subsequent treatment outcomes. Upon 
completion of the study, a total of 5,234 
driver mutations were identified across the 
population, with 96% of patients having at 
least one mutation and 86% having at least 
two.14 One of the most frequent mutations 
was for FMS-like tyrosine kinase 3 (FLT3), 
which is a target of therapy by both 
midostaurin and gilteritinib.

The transmembrane tyrosine kinase 
FLT3 stimulates cell proliferation by 
activating multiple signaling pathways. 
Mutations in FLT3 genes represent one 
of the most common mutations found 
in AML and occur at an approximate 
frequency of 5-25% of cases.15,16 There are 
two main FLT3 subtype mutations: FLT3 
internal tandem duplication (FLT3-ITD) 
and the FLT3 tyrosine kinase domain 
(FLT3-TKD).17 Formally, FLT3 mutations 
irregularly activate tyrosine kinase causing 
the proliferation of malignant cells. 
Mutations in FLT3 are also difficult to 
detect upon diagnosis. Because of these 
two factors specifically, FLT3 mutations 
are shown to have high rates of recurrence 
and relapse. These factors are also why the 
National Comprehensive Cancer Network 
(NCCN) clinical practice guidelines 
characterize patients with FLT3 mutations 
as having poor-risk disease due to reduced 
overall survival and increased risk of 
relapse.18 Despite this risk assessment, 
both midostaurin and gilteritinib have 
shown promising results in practice, and 
there is evidence that both venetoclax and 
gemtuzumab positively affect patients with 
FLT3 mutations.

Supportive Care
Comprehensive leukemia treatment 

is intense and can greatly affect quality of 
life. Treatment is not as simple as receiving 
induction and consolidation therapy; it 
requires a full examination of current and 
potential adverse events, drug interactions, 
and efficacy monitoring by pharmacists. 
With new agents, both neutropenia and 
tumor lysis syndrome (TLS) are adverse 
reactions of high concern. As a result, the 
management of these adverse reactions by a 

pharmacist is extremely important.
Neutropenia is the first major 

concern, due to a high risk for infection 
following neutrophil depletion resulting 
from treatment. While the nadir period 
following induction is an expectation for 
treatment, many newer and more poorly 
understood agents, such as gilteritinib and 
venetoclax, must be strictly monitored 
for tolerability. In clinical practice, the 
American Society of Clinical Oncology and 
the Infectious Diseases Society of America 
both recommend prophylactic regimens for 
patients predicted to experience profound 
neutropenia while in nadir, in order to 
reduce treatment complications.19 This 
regimen consists of fluoroquinolones, 
triazoles, or echinocandins, and a 
nucleoside analog for bacterial, fungal, 
and viral prophylaxis, respectively. This 
regimen is complicated, so the pharmacist 
must assess patient data to offer the best 
options for treatment. Managing the 
patient’s medications and preventing drug 
interactions becomes key for patient survival 
during neutropenic events.

The second major concern in treatment 
is TLS. During chemotherapy, cytotoxic 
agents cause large-scale malignant cell lysis, 
prompting a torrent of cellular component 
release into the bloodstream, leading 
to hyperphosphatemia, hypocalcemia, 
hyperkalemia, and hyperuricemia.20, 21 
This imbalance causes significant damage, 
via nephropathy, acute renal failure, and 
cardiac arrhythmias.21 According to a 
retrospective analysis conducted by Ejaz 
and colleagues, the incidence rate of TLS 
was found to be 26.4% among a cohort 
of 183 study participants and presented 
in 32.6% of patients deemed high-risk.20 
Other studies yielded a broader range of 
an aggregated 5% and 42% between all 
hematologic malignancies.21,22 As the risk for 
TLS is high among this patient population, 
pharmacists can intervene by guiding 
treatment based on lab values related to 
TLS. To prevent renal complications, 
pharmacists can offer recommendations 
for regimens to the interdisciplinary team. 
Renal prophylaxis for TLS involves adequate 
intravenous hydration that starts 1-2 days 
prior to chemotherapy and extends up to 
3 days after.23 Hydration is not the finite 
management, however; the pharmacist 
might further advocate for the use of 
allopurinol or rasburicase to help prevent 

urate nephropathy.21,23

Treatment  
The ultimate goal for treating patients 

with AML is to achieve complete remission 
and restore normal hematopoiesis. This 
involves eradicating all residual leukemia 
cells following the initial induction therapy. 
Complete remission is defined by the 
absence of evidence of residual leukemia 
in the marrow, in addition to an absolute 
neutrophil count >1000 cells/mm3; a 
platelet count >100,000 cells/mm3; having 
<5% blasts in the marrow; and transfusion 
independence.11 Not every patient will 
achieve complete remission and may 
become classified as having reached partial 
remission (50% reduction in blasts with 5% 
to 25% remaining).11,24 

Newer FDA-approved agents, such as 
gemtuzumab, midostaurin, gilteritinib, and 
venetoclax, have shown selectively improved 
efficacy in the treatment landscape of AML. 
As each of these medications has a different 
mechanism, there are special monitoring 
parameters and adverse events to take 
note of during treatment. From a regimen 
standpoint, adherence is the greatest 
challenge. It is well known that pharmacist 
intervention in medication management 
significantly improves adherence and 
therefore health outcomes.25-27 Monitoring 
for adverse events is especially important 
for new agents, because they may impact 
treatment outcomes. With close follow-
up, education, and monitoring practices, 
however, repeated and targeted interventions 
will continue to greatly improve adherence 
over time.28-30

Standard of Care Chemotherapy
Induction and consolidation therapy 

is the primary regimen for patients with 
AML.18,31 The regimen consists of a 7-day 
continuous infusion of cytarabine and a 
3-day bolus infusion of an anthracycline, 
followed by differing amounts of cycles of 
high-dose cytarabine (HiDAC) dependent 
on the AML subtype.11,18 The regimen 
functions to block DNA synthesis with 
cytarabine while simultaneously inhibiting 
topoisomerase II with the anthracycline, 
after which HiDAC eliminates residual 
leukemic cells. For induction therapy, 
young and clinically stable patients with 
good performance status are considered the 
most ideal candidates. Approximately 60% 
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to 85% of this demographic will achieve 
complete remission.7,11 In patients with both 
favorable and intermediate cytogenetics, 
the cure rate is approximately 60%-70%.7 
Patients with poor cytogenetics often do not 
receive the same benefit. For patients at the 
extremes of age, tolerability to this regimen 
can also be a limiting factor. In such cases, 
patients are more likely to achieve better 
clinical outcomes with targeted therapies.

Gemtuzumab Ozogamicin 
Gemtuzumab ozogamicin (GO) is an 

older agent in the timeline of leukemia 
treatment. It was re-approved by the FDA 
in June 2020 for the treatment of newly 
diagnosed CD33+ AML in adults or 
children ≥1 month old.32 Gemtuzumab 
ozogamicin acts as a powerful agent for 
FLT3 mutations. It also has an indication 
for the treatment of relapsed or refractory 
CD33+ AML in adult and pediatric patients 
≥2 years of age. The agent is a humanized 
antibody-drug conjugate, consisting 
of a monoclonal antibody linked to a 
cytotoxic molecule called calicheamicin. 
Mechanistically speaking, GO binds to the 
CD33 protein expressed on the leukemic 
cell surface and releases calicheamicin, 
causing double-strand DNA breaks and 
apoptosis. In the phase 3 ALFA-0701 trial, 
the efficacy for GO in improving event-free 
survival (EFS) was demonstrated at a low 
dose (3 mg/m2 on days 1, 4, and 7, plus 3 
mg/m2 in two consolidation treatments) 
when combined with the standard of care 
chemotherapy.33 In the trial, EFS was 
defined as the length of time to complete 
remission (CR) or complete remission with 
incomplete platelet recovery (CRP). The 
trial included 280 participants between 
ages 50 and 70 with newly diagnosed AML 
who were randomized 1:1 into standard of 
care chemotherapy vs. standard of care with 
GO. For participants who had achieved 
CR or CRP, two consolidation treatments 
consisting of daunorubicin and cytarabine 
were given with or without GO. The 
trial revealed that the EFS at 2 years was 
significantly higher in the treatment arm 
compared to the control group (40.8% vs. 
17.1%; HR 0.58, p=0.0003). It is worth 
mentioning that the rate of persistent 
thrombocytopenia after chemotherapy was 
significantly higher in the GO group as well 
(16% vs. 3%, p<0.0001). 

In clinical practice, GO is a powerful 

agent for those with favorable or 
unfavorable cytogenetics, as described by the 
trial. While GO does not have any certain 
contraindications, the product information 
carries a warning for hepatotoxicity and 
veno-occlusive liver disease (VOD), which 
can be fatal.32 The incidence of VOD-related 
events was found to be approximately 5% in 
the ALFA-0701 trial, so this is an important 
monitoring parameter for GO use.33 VOD 
is marked by increases in liver enzymes such 
as ALT and AST. While there are no drug 
interactions of note with GO, liver function 
test abnormalities are a common side effect 
of many medications, so pharmacists are a 
powerful resource in determining whether a 
patient may be suffering from VOD.

Midostaurin
Midostaurin is a first-generation FLT3 

tyrosine kinase inhibitor that was approved 
in 2017 as an add-on therapy for adult 
patients with newly diagnosed AML and 
an FLT3 mutation.34 Midostaurin has 
shown remarkable activity in improving 
overall survival with a relatively balanced 
safety profile. In the phase 3 RATIFY trial, 
patients aged 18 to 59 who had AML and 
an FLT3 mutation were randomized to 
receive midostaurin 50 mg orally twice 
per day, or placebo, on days 8 through 20 
following standard of care cytarabine plus 
daunorubicin induction, or with high-dose 
cytarabine consolidation, and from day 
1 to 28 as a single agent for maintenance 
therapy.17 Upon completion, midostaurin 
demonstrated significantly improved 
outcomes compared with placebo for 
median overall survival (74.7 months vs. 
25.6 months) in addition to a significant 
improvement in median EFS (8.2 months 
vs. 3.0 months). The trial also showed a 
significant reduction in the overall risk of 
death by 22% in the midostaurin arm (HR 
0.78, p=0.009). The RATIFY trial showed 
that midostaurin was equally as tolerable 
as the standard of care chemotherapy 
with similar rates of adverse events in 
most cases. Notably, midostaurin showed 
higher rates of grade 3+ anemia (92.7% 
vs. 87.8%, p=0.03) and rash (14.1% vs. 
7.6%, p=0.008). Although grade 3+ nausea 
occurred less frequently with midostaurin, 
a higher percentage of participants in that 
treatment arm experienced all-grade nausea 
and vomiting, compared to placebo.

Pharmacists must monitor midostaurin 

use very carefully, as the adverse effects 
are intense and there can be significant 
consequences. One of the major adverse 
effects not previously highlighted is the risk 
of QTc prolongation. In a study conducted 
separately from RATIFY, patients taking 
midostaurin were found to experience a 
higher rate of QTc prolongation compared 
to those taking placebo (10.1% vs. 5.7% 
with QTc >480 ms, and 6.2% vs. 2.6% 
with QTc >500 ms). Based on these results, 
monitoring the patient’s heart is extremely 
important. In addition, midostaurin is a 
CYP3A4 substrate, so co-administration 
of strong inhibitors, such as ketoconazole 
and voriconazole, or inducers such as 
rifampicin, can drastically alter the course 
of therapy.35 To anticipate therapy-induced 
nausea and vomiting, the pharmacist might 
use prophylactic anti-emetics, such as 
ondansetron, olanzapine, or lorazepam prior 
to administering midostaurin.36 

Gilteritinib 
Gilteritinib is a tyrosine kinase inhibitor 

FLT3 targeted therapy with activity against 
two subtypes, FLT3-ITD and FLT3-TKD. 
It was approved in November 2018 for 
the treatment of relapsed or refractory 
FLT3-mutated AML. Similar to the other 
agents, gilteritinib studies have established 
superiority in improving the overall survival 
of AML patients. In the phase 3 ADMIRAL 
trial, patients with relapsed or refractory 
FLT3-mutated AML were randomized 
2:1 to receive gilteritinib monotherapy 
or salvage chemotherapy at the discretion 
of investigators.37 Upon conclusion of 
the trial, the gilteritinib arm showed a 
significantly longer median overall survival 
compared to the salvage chemotherapy 
group (9.3 months vs. 5.6 months; HR 
0.64, p<0.001). The investigators also found 
that the proportion of participants who 
achieved complete remission with full or 
partial hematologic recovery was remarkably 
higher in the gilteritinib group (34% vs. 
15.3% salvage chemotherapy; 95% CI [9.8 
– 27.4]). 

Although gilteritinib has been shown to 
improve overall survival, it must be noted 
that the median length of exposure to 
gilteritinib was only 18 weeks.37 Therefore, 
the long-term effects on the improvement 
of overall survival need to be assessed more 
thoroughly and the use of gilteritinib in 
practice should be conducted after weighing 
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the benefits and risks, some of which can be 
life threatening. In clinical trials, patients 
experienced differentiation syndrome, 
pancreatitis, and prolonged QTc intervals 
following treatment with gilteritinib.38 The 
pertinent drug interaction with gilteritinib 
involves combination p-glycoprotein-
CYP3A inducers which effectively reduce 
the efficacy of gilteritinib treatment, so it is 
important to check whether the patient is 
taking such a medication.

 
Venetoclax

Venetoclax is an oral oncolytic B-cell 
lymphoma 2 inhibitor that was approved in 
October 2020 to treat AML, when used in 
combination with a hypomethylating agent 
such as azacitidine, decitabine, or low-dose 
cytarabine (LDAC). The efficacy for this 
agent was determined after the completion 
of the VIALE-A and VIALE-C trials, 
which included 286 and 145 participants, 
respectively.39,40 In VIALE-A, patients 
were randomized 2:1 to azacitidine with 
either venetoclax or placebo to measure 
improvements in overall survival and 
complete remission.39 Patients who received 
azacitidine with venetoclax were found 
to have a longer median overall survival 
compared to the placebo counterpart (14.7 
months vs. 9.6 months; HR: 0.66; 95% CI 
[0.52 – 0.85]). For complete remission, the 
azacitidine with venetoclax group was also 
found to have a significant improvement 
(37% vs. 18%; 95% CI [12 – 25]). In 
VIALE-C, patients were randomized 2:1 
to venetoclax with LDAC or placebo with 
LDAC.40 Unlike in VIALE-A, this trial’s 
efficacy parameter was to measure the 
duration and rate of complete remission. 
The median remission time was found to 
be 11.1 months with venetoclax compared 
to 8.3 months with placebo, and the 
remission rate was significantly greater in 
the venetoclax group (27% vs. 7.4%; 95% 
CI [2.4 – 16]). Upon conclusion of the trial, 
the results from VIALE-C did not show 
any improvement in overall survival when 
venetoclax was administered with LDAC 
compared to placebo (p=0.114). 

In clinical practice, the NCCN 
guidelines recommend initiation following 
leukocyte depletion with concomitant 
administration of the hypomethylating 
agent.18 Because venetoclax has a high risk 
of causing TLS, the pharmacist must ensure 
that the patient is being premedicated with 

antihyperuricemics if needed and that 
monitoring is conducted every 6 hours until 
the risk is gone. In addition to monitoring 
for TLS, the pharmacist should address 
potential drug interactions. The dosing 
of venetoclax requires adjustment if the 
patient is taking CYP3A or P-glycoprotein 
inhibitors.41 For patients with relapsed or 
refractory AML, antifungal prophylaxis may 
be necessary, in which case the risk for drug 
interactions increases.18

Waste Stewardship  
The cost of treatment for AML is an 

estimated $50,114,600 per year and will 
continue to increase as more drugs are 
approved. In an effort to mitigate as much 
financial burden as possible, pharmacists 
hold a unique responsibility as waste 
stewards. Waste significantly impacts the 
patient and the healthcare system. A study 
from 2010 surveyed oncologists on the 
influence of cost on treatment regimens. 
Of those surveyed, 84% stated that cost 
had some effect on regimens, including 
adherence.42 Oncolytic waste is present in 
many forms, but is common among oral 
agents, such as venetoclax, and patients 
who experience adverse events.28,43  Previous 
investigations into the impact of oncolytic 
waste in the community setting have 
shown an increasing trend towards the 
use of oral agents when available.28,44 For 
patients with AML, oral oncolytics such 
as azacitidine or decitabine are commonly 
used in the maintenance phase following 
consolidation.18 Discontinuation rates 
of oral oncolytics can be seen up to 
41%, which causes significant financial 
aggravation.44 In clinical environments, 
waste manifests through compounding and 
administering intravenous preparations.43 In 
the hospital however, pharmacists have more 
control over ideal conditions such as storage, 
preparation, delivery, and management. 
Pharmacists also are in a unique position 
to manage reimbursement claims for 
biologic medications, which significantly 
impacts waste. In Wisconsin, pharmacists 
and legislators have previously cooperated 
to create and operate a drug repository 
program under Wis. Stat. §255.056 wherein 
an oncolytic drug may be redistributed 
from an existing patient provided that the 
product remains in the original container, 
labels an expiration date within a specific 
time frame, and is accurately prescribed 

to the recipient for a valid indication.28 
Through their expertise, pharmacists are 
at the forefront of reducing waste both in 
Wisconsin and nationwide.

Conclusion  
The cancer continuum of acute myeloid 

leukemia is both extensive and expensive. 
Care requires catering to patient-specific 
factors in order to maximize treatment 
outcomes. New agents, including 
gemtuzumab ozogamicin, midostaurin, 
gilteritinib, and venetoclax, present new 
benefits and risks in acute myeloid leukemia 
treatment and new challenges in therapeutic 
approaches. With new challenges, adherence 
is the key to improving health outcomes. As 
more agents enter the pipeline every year, it 
is the pharmacist’s responsibility to ensure 
that therapy best suits the needs of the 
individual while simultaneously optimizing 
adherence and minimizing waste. 
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