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Objectives
After completing this continuing education,
the reader should be able to:
1. Describe the FDA approval process, the
different types of novel drug approval
pathways, and the difference between
them.
2. Discuss the guideline screening
recommendations for prostate and breast
cancer.
3. Recognize new prostate, breast,
leukemia, and lymphoma treatment
option(s) and who would benefit.
4. Describe the role of androgens in the
proliferation of prostate tumors.
5. Distinguish between HR+/HR- and
HER2+/HER2- and how is it used to
guide breast cancer treatment.
6. Discuss the differences between
leukemia and lymphoma.

Introduction
Cancer is a group of diseases
characterized by the uncontrolled growth
and spread of abnormal cells. While the
reason for cancer development is
unknown, there are many known risk factors
such as tobacco use and excess body weight
as well as non-modifiable factors such as
genetic mutations, hormones, and immune
conditions. The most common new cancer
diagnoses in the United States are prostate
(male), and breast (women), followed by
lung and bronchus, then colon and rectum.1
From 2017 through March of 2018, 52
new drugs were approved by the FDA, 14 of
which are for the treatment of various types
of cancers.2,3 The FDA has two approval
options for which a new drug can reach the
market: standard and novel.2 The purpose of
the standard FDA drug approval process is
to evaluate medications that demonstrate at
best minor improvements over current

therapies.4 It requires that a clinical benefit
be shown before approval can be granted.
This process can take many years to
develop. Beyond the standard pathway, the
FDA implemented new pathways to
expedite the approval of “novel drugs,”
which are medications that treat a serious or
life-threatening condition and serve a
previously unmet need. The novel drug
approval process is broken down into four
different pathways: fast track, breakthrough,
accelerated approval, and priority review.
The pathways are defined by the FDA and
shown in table 1 below.5 As opposed to the
standard pathway, the novel drug approval
pathways allow the use of surrogate
endpoints that are possible predictors of
efficacy rather than long-term clinical trials;
for example, a surrogate endpoint for cancer
could be a reduction in tumor size.5 The
FDA allows new drug applications to
progress through multiple different
pathways. For instance, Calquence®
(acalabrutinib) is a new FDA approved
agent for the treatment of lymphoma and
was placed into the accelerated,
breakthrough, and priority review pathways.
By allowing a promising new treatment for a
serious illness to be placed into several
designated pathways it ensures the
medication can be made available to the
public as soon as possible.5
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Table 1: FDA Novel Drug Approval
Pathways5
Fast-track

Fast track is a process
designed to facilitate the
development and expedite the
review of drugs to treat serious
conditions and fill an unmet
medical need.

Breakthrough A process designed to expedite
the development and review of
drugs which may demonstrate
substantial improvement over
available therapy.
Accelerated

These regulations allow drugs
for serious conditions that fill
an unmet medical need to be
approved based on a surrogate
endpoint.

Priority

A Priority Review designation
means FDA’s goal is to take
action on an application within
6 months.

While most pharmacists may not directly
deal with chemotherapy, many will interact
with cancer patients; therefore, familiarity
with their cancer regimens will be helpful.
This continuing education focuses on three
common types of cancer (blood, breast, and
prostate) in addition to newly approved
drugs for their treatment from 2017 through
March of 2018.
Prostate Cancer
The American Cancer Society estimates
that in 2018, there will be 164,690 new
cases of prostate cancer in the United States
with an estimated 29,430 deaths.6 In
Alabama alone, they estimate 2,460 cases in
2018. The most common risk factors for the
development of prostate cancer include age,
race, and family history.7 Prostate cancer is
rare in men under the age of 40, but risk
increases sharply each decade thereafter

with men over 65 accounting for more than
70% of diagnosed cases. African-Americans
have the highest worldwide prevalence
which is double the Caucasian population.
Family history and genetics play a role in
the development of prostate cancer in that
men with a brother or father that have been
diagnosed with prostate cancer have a 2-fold
increased risk. In addition, diet has been
linked to the development of prostate cancer
with the Mediterranean diet having the
lowest incidence. The consumption of diets
high in red meat and milk have been
associated with an increased risk.
In the early stages of prostate cancer
when the disease is localized, patients are
usually asymptomatic.7 As the cancer
spreads locally, the patient typically
develops ureteral dysfunction including
frequency, hesitancy, and dribbling as well
as impotence. As the disease progresses
further, the patient may experience
symptoms such as back pain, lower
extremity edema, fractures, anemia, and
unexplained weight loss. Before routine
screening was recommended, prostate
cancer was usually not discovered until the
cancer had spread locally and the patient
experienced the previously mentioned
symptoms. However, now most prostate
cancers are discovered while the patient is
still asymptomatic. The 2018 NCCN
guidelines recommend a blood test of
prostate specific antigen (PSA), a protein
produced by prostate gland cells.8 This
guideline recommends patients begin
screening at the age of 45 and should be
repeated every 1-2 years in men with PSA
levels >1.0 ng/mL, and 2-4 year intervals for
PSA <1 ng/mL. The guidelines recommend
against the use of a digital rectal exam
(DRE) as stand-alone screening. Instead, it
should be used as a complementary test to
PSA. Another guideline produced by the
American Cancer Society in 2010 has
similar recommendations in that they
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recommend screening via PSA levels with
or without DRE.9 This guideline
recommends men at average risk begin
testing at age 50, men with a higher risk
(African American or one first degree
relative diagnosed at age <65) begin testing
at 45 years old, and men with an appreciably
higher risk (multiple family members
diagnosed at age <65) begin testing at 40
years old. They recommend yearly testing in
men with a PSA >2.5 ng/mL and screening
every 2 years in patients with a PSA <2.5
ng/mL.
Currently, treatment for prostate cancer is
dependent on the stage of the disease, risk of
recurrence, and life expectancy.10 Initial
therapy for the treatment of cancer can range
from observation alone in patients with a
limited life-expectancy to more aggressive
therapy in other patients. Treatment options
can include radiation therapy,
prostatectomy, lymph node dissection,
androgen-deprivation therapy, and
luteinizing hormone-releasing hormone
(LHRH) agonists.
In the early stages of prostate cancer,
androgens promote the proliferation of the
tumor.7 By blocking these androgens,
especially testosterone which accounts for
95% of androgens, it is possible for tumor
regression. In some cases, the tumor
continues to grow despite hormone
therapy.11 Such cases are known as
castration-resistant and account for
approximately 10-20% of prostate cancer. In
February of 2018 the FDA approved
Erleada® (apalutamide), the first FDA
approved treatment of non-metastatic,
castration-resistant prostate cancer.
Erleada® works by inhibiting androgen
receptors which leads to a decrease in tumor
volume by increasing apoptosis and
decreasing tumor cell proliferation. It is
dosed 240 mg once daily in combination
with gonadotropin-releasing hormone
(GnRH) therapy.12 Treatment can be

continued until disease progression or
unacceptable toxicity. In a clinical trial of
1207 non-metastatic, castration-resistant
prostate cancer patients comparing Erleada®
to placebo, the mean metastasis-free survival
was 40.5 months in patients taking Erleada®
compared to 16.2 months in patients on
placebo.11 The most common side effects
noted with Erleada® are fatigue (39%),
hypertension (14-25%), skin rash (19-24%),
hypercholesterolemia (76%), hyperglycemia
(70%), hypertriglyceridemia (67%),
hyperkalemia (32%), diarrhea (20%),
anemia (70%), leukopenia (47%), and
lymphocytopenia (41%).12,13 Erleada® is a
strong inducer of CYP3A4, therefore
patients taking medications that are
substrates of this enzyme may see decreased
efficacy in those medications.11,12
Breast Cancer
Breast cancer is the most common cancer
among women.14 One in eight women in the
United States will be diagnosed with breast
cancer in their lifetime with varying rates
across racial and ethnic groups. Caucasian
and African- Americans have the highest
incidence with 128.1 and 124.3 cases per
100,000 people, respectively. For all racial
and ethnic groups, most breast cancers are
diagnosed at an early stage when tumors are
small and localized. There is a higher
proportion of advanced stage diagnosis and
mortality in African-American women and
other minority groups more so than
Caucasian women. Despite these
differences, overall mortality rates from
breast cancer in the United States have
declined since 1990. This decline is
attributed to improvements in both early
detection and treatment.
Gender and age are the two variables
most strongly associated with the occurrence
of breast cancer.14 While breast cancer is
generally thought of as a disease confined to
women, in 2016 there were approx. 2,600
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cases of male breast cancer in the United
States. Although male gender breast cancer
is rare, it is associated with a poor prognosis
and a higher mortality rate. The incidence of
breast cancer increases with advancing age.
The risk of a woman developing breast
cancer before the age of 50 years is about 1
in 53.14 The risk increases to 1 in 44
between the ages of 50-59, 1 in 29 between
the ages to 60-69, and 1 in 15 for women 70
years and older. Other variables play a part
in determining a woman’s risk for
developing breast cancer. These risk factors
are discussed in more detail below;
however, mathematical models that
calculate a woman’s risk for developing
breast cancer with relationship to various
factors are available online through The
National Cancer Institute (NCI).15 These
calculators are designed for healthcare
professionals to project a woman’s
individualized risk for invasive breast cancer
over a 5-year period over her lifetime.
Many endocrine factors that relate to the
total duration of a woman’s menstrual life
have been linked to the incidence of early
breast cancer.14 Early menarche, defined as
menstruation beginning before 12 years of
age, a late age of natural menopause (55
years or later), nulliparity (no children) and
a late age at first birth (age > 30
years) increases the cumulative lifetime risk
of breast cancer development. Conversely,
bilateral oophorectomy before 40 years of
age reduces the risk of developing breast
cancer.
Both personal and family history play a
role in determining a woman’s risk of
developing breast cancer.14 Women who
have a personal history of breast cancer have
an increased risk of developing contralateral

breast cancer. Women who have dense
breast tissue have reduced sensitivity to
mammography detection and an increased
risk of cancer, estimated to be between 4 to
5 times that of women the same age with
little density. Ten percent of all breast
cancers in the United States can be
attributed to a familial link. Although
women with a family history of breast
cancer are at an increased risk, the diagnosis
of breast cancer in young women is still
uncommon.
Germ-line mutations in either BRCA1 or
BRCA2 are associated with an increased
risk for breast and ovarian cancers.14 These
are tumor suppressor genes that are
important in maintaining genomic integrity
and DNA repair. The probability of having
one of these gene mutations is related to
ethnicity and family history with the highest
rate of occurrence in Jewish individuals of
Eastern European descent. Genetic testing
for these mutations is now widely available,
but testing is generally only recommended
when there is a personal or family history
suggestive of hereditary cancer.
Possible relationships between fat intake
and steroid hormone metabolism have led to
an emphasis on dietary fat as a possible
etiologic agent for breast cancer.14 Studies
have demonstrated a positive correlation
between higher dietary fat intake and breast
cancer risk, which is stronger in
postmenopausal women. There is still much
to be learned; however, a low-fat diet seems
to be a reasonable approach to potentially
reducing the risk of breast cancer.
The NCCN 2017 guideline
recommendations for breast cancer
screening are summarized in Table 2 below.
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Table 2: Breast cancer screening recommendation per NCCN 2017 guideline recommendations16

NCCN 2017 guidelines

Average risk

High risk*

Breast self-examination

Age > 25

All ages

Clinical breast examination by a
healthcare professional

Age > 25-39
• Every 1-3 years
Age > 40
• Annually

All ages: every 6-12 months

Mammography

Age > 40: annually

Age > 25: annually

Breast MRI

n/a

Annually for patients with:
• prior thoracic radiation therapy and
> 25 years old
• lifetime risk > 20%
• strong family history or genetic
predisposition and > 25 years old
• History of lobular carcinoma in situ

* High risk is defined by any of the following: prior thoracic radiation therapy before age 30 years, 5-year lifetime risk of >1.7%
of invasive breast cancer in women >35 years old, lifetime risk of >20% as defined by models that are largely based on family
history, strong family history or genetic predisposition, lobular carcinoma in situ, or prior history of breast cancer.

Breast cancer treatment depends on the involvement of lymph nodes and tumor size.14 Most
patients presenting with breast cancer today have a small invasive tumor with no lymph node
involvement (stage I), or a small invasive tumor with axillary lymph node involvement (stage II).
Surgery alone can cure most patients with stage I breast cancer and about half of patients with
stage II breast cancer. Treatment of patients with breast cancer larger than 1 cm or with positive
lymph nodes are based on whether the breast cancer is hormone receptor (HR) positive or
negative as well as the presence or absence of human epidermal growth factor receptor-2
(HER2). Figure 1 below defines treatment options based on the previously mentioned variables.
Figure 1. Treatment options for breast cancer 14
Adapted from Barnett CM,
Boster BL, Michaud LB.
Chapter 128: Breast Cancer.
Pharmacotherapy: A
Pathophysiologic Approach,
10th edition. [AUHSOP
Intranet, cited 2018 Apr 2].
Available from:
http://accesspharmacy.mhmedic
al.com/content.aspx?sectionid=1
46074631&bookid=1861&Resu
ltclick=2
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There were 3 new breast cancer
treatments approved for use by the FDA in
2017: Verzenio® (abemaciclib), Kisqali®
(ribociclib), and Nerlynx® (neratinib).17
Verzenio® (abemaciclib) was approved by
the FDA in September of 2017 for the
treatment of HER2 negative, HR positive,
advanced or metastatic breast cancer with
one of the following indications:18-21
1. Use in combination with an aromatase
inhibitor for initial endocrine therapy
2. Use with fulvestrant for progression
following endocrine therapy
3. Monotherapy for progression following
endocrine therapy and prior
chemotherapy.
Verzenio® works by inhibiting cyclindependent kinases 4 and 6 (CDK4 and
CDK6), by inhibiting these kinases (CKD4
&CDK6) the complex required for
progression of the cell cycle is unable to
form, which prevents cancer cell growth.
MONARCH-3, a study in 493
postmenopausal women with HR-positive,
HER2 negative advanced metastatic breast
cancer with no prior systemic therapy
received either Verzenio® 150 mg or
placebo twice daily with an aromatase
inhibitor (either letrozole or
anastrozole).18,22 This trial measured the
percent of patients whose tumors completely
or partially shrank after treatment (objective
response rate). Approximately 20% of
patients taking Verzenio® experienced
complete or partial shrinkage of their tumors
in 9 months. MONARCH-2, a study in 669
women with HR-positive, HER2-negative
advanced or metastatic breast cancer with
disease progression on or after prior
adjuvant or metastatic endocrine therapy
received either Verzenio® or placebo plus
fulvestrant. This trial measured the length of
time tumors did not grow after treatment
(progression-free survival). The progression-

free survival for patients taking Verzenio®
with fulvestrant was about 16 months
compared to 9 months for patients taking
placebo with fulvestrant. The most common
adverse reactions (incidence > 20%) are
diarrhea, neutropenia, nausea, abdominal
pain, infections, fatigue, anemia, leukopenia,
decreased appetite, vomiting, headache,
alopecia, and thrombocytopenia. Major drug
interactions include CYP3A inhibitors and
inducers for which concomitant use should
be avoided. The recommended starting dose
is 150 mg twice daily if used in combination
with fulvestrant or an aromatase inhibitor or
200 mg twice daily if used as monotherapy.
Kisqali® (ribociclib) was approved for
use by the FDA in March of 2017 for the
treatment of HER2 negative, HR positive,
postmenopausal women with metastatic or
advanced breast cancer in combination with
an aromatase inhibitor for initial endocrinebased treatment.23-26 Kisqali® is a cyclindependent kinase inhibitor that is selective
for CDK4 and CDK6. It works similarly to
Verzenio® by blocking CDK4 & CDK6 to
prevent the formation of the complex
required for progression of the cell cycle,
thereby preventing cancer cell growth.
MONALEESA-2, a study of 668 women
with HR-positive, HER-2 negative,
advanced breast cancer who received no
prior therapy for advanced disease received
either Kisqali® 600mg orally once daily for
21 days or placebo once daily for 21 days
plus letrozole 2.5mg orally once daily for 28
days with a 7 day off period.23,27 Women
taking Kisqali® plus letrozole experienced a
longer time period before their tumors
worsened in comparison to women who took
placebo plus letrozole. Overall survival data
is not available at this time; however,
women taking Kisqali® plus letrozole had
an average time of approximately 20 months
before they experienced tumor worsening as
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compared to 15 months in the women
receiving placebo plus letrozole. The most
common adverse reactions (incidence >
20%) are neutropenia, nausea, fatigue,
diarrhea, leukopenia, alopecia, vomiting,
constipation, headache, and back pain.
Major drug interactions include CYP3A4
inhibitors, inducers, and substrates, as well
as medications that prolong the QT interval
for which concomitant use should be
avoided. Recommended starting dose is 600
mg orally once daily for 21 consecutive days
followed by a 7 day off period.
Nerlynx® (neratinib) was approved by
the FDA in July of 2017 for use as an
extended adjuvant treatment of early stage
breast cancer with HER2 overexpression,
following adjuvant trastuzumab based
therapy.28-31 Nerlynx® works by irreversibly
inhibiting epidermal growth factor receptor
(EGFR), human epidermal growth factor
receptor 2 (HER2), and HER4. The safety
and efficacy of Nerlynx® was investigated
in 2840 patients with early stage HER2
positive breast cancer within 2 years of
completing treatment with adjuvant
trastuzumab.28,32 This trial measured the
time period before cancer returned (invasive
disease-free survival). Women in the
Nerlynx® group had a 94.2% invasive
disease-free survival at 24 months compared
with the placebo group who had a 91.9%
invasive disease-free survival at 24 months.
The most common adverse effects (> 20%)
are diarrhea, nausea, vomiting, abdominal
pain, and fatigue. Major drug interactions
include gastric acid reducing agents, strong
or moderate CYP3A4 inducers and
inhibitors, and P-glycoprotein substrates for
which concomitant use should be avoided if
possible. For H2-receptor antagonists,
separate doses by 3 hours. Antidiarrheal
prophylaxis with loperamide is
recommended with the first dose of
Nerlynx® and should continue during the
first 2 months of treatment. Patient should

be instructed to maintain 1-2 bowel
movements per day. The recommended dose
of Nerlynx® is 240 mg once daily with food
for 1 year.
Hematologic Cancers
While hematologic cancers are not as
prevalent as other cancers such as prostate
and breast; the FDA has approved several
new medications for the treatment of
leukemia and lymphoma in the past year and
a half. The three main types of hematologic
cancers are leukemia, lymphoma, and
myeloma.33 These types of cancers originate
in the bone marrow causing abnormal stem
cells to uncontrollably proliferate leading to
complications in the immune and circulatory
system. Abnormal white blood cells
(WBCs), red blood cells (RBCs), and
platelets proliferate becoming cancerous
cells, therefore the body is unable to fight
off infections or maintain normal processes.
The stem cell will develop into a myeloid or
lymphoid stem cell.34 The myeloid stem cell
differentiates into red blood cells, platelets,
and myeloblasts which become
granulocytes. The lymphoid stem cells
become lymphoblasts which differentiate
into B-cells and T-cells. Complete treatment
plans for these cancers include
chemotherapy, radiation therapy, and stem
cell transplant. 35
Leukemia
Leukemia is a type of blood cancer that
causes rapid proliferation of abnormal stem
cells which are not able to fight off
infections or perform physiologic activities.
Leukemia can be acute or chronic. There are
four major types of leukemia:
• Acute lymphocytic leukemia (ALL) is
rapid growing immature WBCs and is the
most common type of cancer in
children.36
• Acute myeloid leukemia (AML) is when
the bone marrow makes too many
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immature RBCs and platelets and does
not differentiate into WBCs. There are
8 different subtypes of AML.37 In
2017, it is estimated about 21,000
people in the U.S. have AML with
around 10,000 deaths.38
• Chronic lymphocytic leukemia (CLL)
is a slow growing cancer in which
lymphocyte cells build up in the bone
marrow over time. Many patients are
typically asymptomatic and can have
this cancer for years before signs and
symptoms develop.39
• Chronic myeloid leukemia (CML) is a
genetic change in immature myeloid
cells. Myeloid cells go on to become
mature WBC, RBC, and platelets.
Patients with CML have an abnormal
gene called BCR-ABL causing
immature myeloid cells to slowly grow
and over time these cells build in the
bone marrow.

Recently the FDA approved three new
agents for acute leukemias. Current
treatments for AML include chemotherapy
given in cycles with multiple (typically 4-5)
antineoplastic agents.40 There is a threephase treatment process for AML: induction,
consolidation, and maintenance. The
purpose of the induction phase is to kill as
many leukemia cells as possible and
inducing remission. This phase is usually the
first month of treatment. The consolidation
phase, or post remission phase, goal is to kill
any lingering leukemia cells that may be
present and lasts a few months. The
maintenance phase is to prevent the cancer
from returning and typically lasts 2-3 years.
Table 3 is a chart of chemotherapy agents
most commonly used for leukemias:

Table 3: Common chemotherapy agents for the treatment of blood cancers34
Generic

Trade

Mechanism of action

Asparaginase erwinia
chrysanthemi

Erwinaze®

Asparaginase catalyzes the deamidation of asparagine to
aspartic acid and ammonia, reducing circulating levels of
asparagine. Leukemia cells lack asparagine synthetase and are
unable to synthesize asparagine. Asparaginase reduces the
exogenous asparagine source for the leukemic cells, resulting
in cytotoxicity specific to leukemic cells.

Clofarabine

Clolar®

Purine nucleoside analog to prevent cell replication and repair

Cyclophosphamide

Alkylating agent (Nitrogen Mustard) that prevents cells
division

Cytarabine

Cytosar-U®

Antimetabolite pyrimidine analogue that inhibits DNA
synthesis

Daunorubicin

Cerubidine®

Anthracycline and topoisomerase II inhibitor which prevents
DNA intercalation and stops cell replication

Doxorubicin

Anthracycline and topoisomerase II inhibitor which prevents
DNA intercalation and stops cell replication
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Generic

Trade

Mechanism of action

Idarubicin

Idamycin
PFS®

Anthracycline and topoisomerase II inhibitor which prevents
DNA intercalation and stops cell replication

Ifosfamide
Mercaptopurine

Alkylating agent (Nitrogen Mustard) that prevents cell division
Purixan®

Methotrexate

Antimetabolite purine analogue, acts as a false metabolite to
incorporate into DNA therefore inhibiting synthesis
Antimetabolite/Antifolate, irreversibly binds to inhibit DNA
synthesis

Nelarabine

Arranon®

Antimetabolite purine analogue, acts as a false metabolite to
incorporate into DNA therefore inhibiting synthesis

Pegaspargase

Oncaspar®

Pegaspargase is a modified version of L-asparaginase,
conjugated with polyethylene glycol. Leukemia cells require
exogenous asparagine; normal cells can synthesize asparagine.
Asparagine depletion in leukemic cells leads to inhibition of
protein synthesis and apoptosis. Asparaginase is cycle-specific
for the G1 phase of the cell cycle.

VSLI (vincristine
sulfate liposome
injection)

Marqibo®

Vinca Alkaloid are cytotoxic by disrupting the microtubules
function during cell division (metaphase)

Adapted from Shead D, Hanisch LJ, and Clarke R. NCCN Clinical Practice Guidelines Oncology, Acute Lymphoblastic
Leukemia. 2017 (2) 1-94. Available from: https://www.nccn.org/patients/guidelines/all/index.html#1

Biologic medications are also commonly
used such as tyrosine kinase inhibitors
(TKIs).40 For patients positive with the
BCR-ABL protein, TKIs (rituximab and
blinatumomab) are a targeted therapy
approach that inhibit the signal leukemia
cells receive in order to grow.
In August 2017, the FDA approved
IDHIFA® (enasidenib) for adults with
relapsed or refractory AML with a isocitrate
dehydrogenase-2 (IDH2) mutation which
occurs in about 9-19% of patients with this
type of cancer.41,42 Patients with the IDH2
mutation have a poor prognosis and until
IDHIFA® there were no treatment options
for this population.43 The normal IDH2
enzyme is essential for myeloid stem cell
differentiation. A mutated IDH2 causes
abnormal myeloid stem cell proliferation.

IDHIFA® inhibits the proliferation of these
abnormal myeloblast and induces normal
differentiation. It is dosed 100 mg orally
once daily until disease progression or
intolerable toxicity and for a minimum of 6
months. The efficacy was studied in 199
patients with relapsed or refractory AML
positive for IDH2 mutation. Twenty-three
percent of patients in the study had a
complete response which was defined as no
evidence of disease and blood counts
(platelets >100,000 uL and ANC >1,000 uL)
within 6 months. In clinical trials about 14%
of patients treated with IDHIFA®
experienced life-threatening differentiation
syndrome which the FDA has labeled this as
a black box warning. Differentiation
syndrome, or sometimes referred to as
retinoic acid syndrome, occurs when agents
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block stem cell differentiation. This creates
miscommunication between the myeloblast
cells causing them to infiltrate into the lungs
and vasculature causing pulmonary and
pericardial effusion.44 The most common
adverse reactions include
hyperbilirubinemia (81%), hypocalcemia
(74%), nausea (50%), diarrhea (43%), and
hypokalemia (41%).
In August 2017 the FDA approved
Rydapt® (midostaurin) for the treatment of
newly diagnosed AML in patients who have
a FLT3 gene mutation.45 FLT3 is a tyrosine
kinase receptor that has an important role in
stem cell proliferation and survival. There
are two types of this mutation: FLT3-ITD
and FLT3-TKD which accounts for
approximately 37% of all patients with
AML. Patients with FLT3-ITD have a poor
prognosis due to high rates of relapse .46
Rydapt® is to be used in combination with
induction phase of cytarabine and
daunorubicin and consolidation phase
cytarabine. For AML, Rydapt® is dosed 50
mg orally twice daily with food. The most
common adverse reactions are febrile
neutropenia, nausea, mucositis, epistaxis,
musculoskeletal pain, hyperglycemia, and
respiratory tract infections. Rydapt® is a
strong CYP3A4 inhibitor and inducer
therefore it should not be taken
concomitantly with other medication with
CYP3A4 interactions. The efficacy was
studied in 717 patients with newly
diagnosed patients with FLT3 gene
mutation. Patients received Rydapt®50 mg
once daily with food or placebo, plus
daunorubicin 60 mg/m2 for 3 days and
cytarabine 200 mg/m2 for 7 days. The
efficacy analysis was performed 3.5 years
after randomization and the Rydapt® plus
standard therapy was superior to placebo
plus standard therapy, HR 0.77 (95% CI
063-0.95) and p-value is 0.016. There was a
23% increase in overall survival for patients
in the Rydapt group versus placebo.

Besponsa® (intotuzumab ozogamicin)
was also FDA approved in August 2017 for
relapsed or refractory B-cell ALL. 47 ,48
Besponsa® is a CD-22 directed antibodydrug conjugate which is involved in the
development of B-cells and is expressed on
the surface of many B-cell lineage tumors. It
is a 0.9mg powder for reconstitution that is
administered as a 1-hour infusion given in a
series for up to six cycles. The first cycle
starts on day one 0.8mg/m2, followed by
day eight 0.5mg/m2, and lastly day fifteen is
0.5mg/m2. Cycles two through six are dosed
depending on treatment response. Patients
who have a complete response are dosed
0.5mg/m2 and patients who have not
achieved complete response are dosed at
0.8mg/m2 on days 1, 8, and 15. Major
reactions include myelosuppression (51%),
injection site reaction (2%), QT interval
prolongation (3%) and hepatic venoocclusive disease (14%). Efficacy was
evaluated in 218 patients and 73% had
complete remission within 2 cycles.
Lymphoma
The lymphatic system is a network of
vessels that run throughout the body to
transport cellular debris. The lymph fluid is
transported to the lymph node where it is
filtered and lymphocytes within the nodes
fight infection.49 Lymphoma is a cancer that
starts in the lymphatic system and affects the
body’s immune system. There are two types
of lymphoma: Hodgkin's and nonHodgkin’s. There are 5 subtypes of
Hodgkin's lymphoma which are uncommon
due to the Reed-Sternberg cells which are
large multinucleated lymphocytes that are
found only in Hodgkin's lymphoma.50,51
Non-Hodgkin's lymphoma (NHL) has over
25 subtypes and is much more common in
the United States.52 The American Cancer
Society estimates for 2018 in the U.S. about
76,680 people will have NHL and about
19,910 people will die.53 NHL can also be
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classified as slow growing like follicular
lymphoma or aggressive like B-cell
lymphoma.54 Current first line therapy for
follicular lymphoma includes R-CHOP
(rituximab, cyclophosphamide, doxorubicin,
vincristine and prednisone) and
Bendamustine and rituximab.55
In September 2017, the FDA approved
Aliqopa (copanlisib) as a third line agent for
follicular lymphoma.56,57 More specifically
this new medication is for patients with
relapsed follicular lymphoma who have had
two prior systemic therapies. Follicular
lymphoma is a slow growing cancer that
usually goes undetected until later stages (III
and IV) and can be difficult to treat with
chemotherapy.58 Aliqopa® is the first PI3K
inhibitor which plays an important role in Bcell receptor signaling. It works by blocking
the signal responsible for malignant B-cell
proliferation and function therefore
decreasing the cancer growth. It is
administered as a 60 mg one-hour infusion
to be given on days 1, 8, 15 of a 28-day
treatment cycle. Adverse events include
increased risk for infection (19%),
hyperglycemia (41%), hypertension (26%),
and neutropenia (24%). Drug interactions
include CYP3A4 inducers and inhibitors. In
the presence of strong CYP3A4 inhibitor the
Aliqopa® dose should be decreased to 45
mg. Efficacy of Aliqopa® was studied in the
CHRONOS-1 single arm trial in which
included 104 patients with relapsed
follicular B-cell NHL with two prior
treatments (rituximab plus an alkylating
agent regimen). The patients received
Aliqopa® 60 mg one-hour infusion on days
1, 8, and 15 of treatment. The overall
response rate for the treatment group was
59% (14% complete response and 44%
partial response) with median time to
response of 1.7 months.
Calquence® (acalabrutnib) was approved
in October 2017 for the treatment of mantle
cell lymphoma.59,60 Mantle cell lymphoma is

a rare and aggressive form of non-Hodgkin
lymphoma in which B lymphocytes from the
mantle zone (outer portion of lymph node
follicle) grow uncontrollably. The
uncontrollable growth of these MCL cells
lead to the enlargement of lymph nodes and
after entering the bloodstream can travel to
other lymph nodes and organ systems.60
This new agent inhibits the Bruton tyrosine
kinase (BTK) signaling pathway which is
responsible for B lymphocyte proliferation,
trafficking, chemotaxis, and adhesion.61 By
blocking this BTK signaling pathway, there
is less malignant B lymphocyte proliferation
and survival. In a phase II single arm trial
evaluating the efficacy of Calquence® on
124 MCL patients, 81% of patients
responded to treatment (40% complete and
41% partial response) at a median 15.2month follow-up. The median time to best
response was 1.9 months.62 The most
common side effects seen with this new
agent include headache, fatigue, diarrhea,
and myalgia among others.61 Additionally,
Calquence® is a substrate of CYP3A4,
therefore other drugs blocking this enzyme
may increase the serum concentration of
Calquence®.
Conclusion
In conclusion, the FDA’s expedited
process has resulted in many new drug
approvals for serious and life threatening
medical conditions, such as cancer. The
focus for this continuing education topic is
prostate cancer, breast cancer, and blood
cancers including leukemia and lymphoma.
New prostate cancer treatment Erleada®
(apalutamide) for the treatment of nonmetastatic, castration-resistant prostate
cancer showed improved survival (mean
40.5 months) versus placebo (16.5 months)
in this cancer that was previously difficult to
treat. New breast cancer treatments include:
Verzenio® (abemaciclib) for advanced or
metastatic breast cancer which increased
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progression-free survival by 7 months
compared to placebo, Nerlynx® (neratinib
maleate) to reduced risk of breast cancer
returning by 2.3% compared to placebo in
24 months, and Kisqali® (ribociclib) for
postmenopausal advanced breast cancer
which showed improvement in time till
tumor worsening by 5 months compared to
placebo. New leukemia drugs
include: IDHIFA® (enasidenib) for adults
with relapsed or refractory AML with a
isocitrate dehydrogenase-2 (IDH2) mutation,
Rydapt® (midostaurin) for the treatment of
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