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CAR T IS HERE
YESCARTA®, THE FIRST CAR T THERAPY FOR CERTAIN TYPES
OF RELAPSED OR REFRACTORY LARGE B-CELL LYMPHOMA
The following data reflect results from the ZUMA-1 pivotal trial*1

// PROVEN
EFFICACY

51%

Patients achieved a best
response of complete
remission (CR) (52/101)

NR

Response duration was not
reached at a median follow-up
of 7.9 months in patients who
achieved CR

VISIT

// CYTOKINE RELEASE
SYNDROME

// RAPID & RELIABLE
MANUFACTURING

13% 94% 17 DAYS

Grade ≥3 incidence

Overall incidence

Median turnaround time†

// NEUROLOGIC
TOXICITIES

99%
31% 87%

Grade ≥3 incidence

Overall incidence

Manufacturing success
of CAR T cells engineered
and expanded ex vivo

YESCARTAHCP.COM/CENTERS TO FIND A LIST OF AUTHORIZED TREATMENT CENTERS

*ZUMA-1 was an open-label, single-arm study in 101 adult patients who received YESCARTA® therapy. Patients received lymphodepleting
chemotherapy prior to a single infusion of YESCARTA® at a target dose of 2 x 106 viable CAR T cells/kg body weight (maximum of 2 x 108 viable
CAR T cells). Patients had refractory disease to their most recent therapy, or had relapsed within 1 year after autologous hematopoietic
stem cell transplantation.
†
The median time from leukapheresis to product delivery.

INDICATION
YESCARTA® is a CD19-directed genetically modified
autologous T cell immunotherapy indicated for
the treatment of adult patients with relapsed or
refractory large B-cell lymphoma after two or more
lines of systemic therapy, including diffuse large
B-cell lymphoma (DLBCL) not otherwise specified,
primary mediastinal large B-cell lymphoma, high
grade B-cell lymphoma, and DLBCL arising from
follicular lymphoma.
Limitation of Use: YESCARTA® is not indicated for the
treatment of patients with primary central nervous
system lymphoma.

IMPORTANT SAFETY INFORMATION

BOXED WARNING: CYTOKINE RELEASE SYNDROME AND NEUROLOGIC TOXICITIES
• Cytokine Release Syndrome (CRS), including fatal or life-threatening reactions, occurred in
patients receiving YESCARTA®. Do not administer YESCARTA® to patients with active infection
or inflammatory disorders. Treat severe or life-threatening CRS with tocilizumab
or tocilizumab and corticosteroids.
• Neurologic toxicities, including fatal or life-threatening reactions, occurred in patients
receiving YESCARTA®, including concurrently with CRS or after CRS resolution. Monitor
for neurologic toxicities after treatment with YESCARTA®. Provide supportive care and/or
corticosteroids as needed.
• YESCARTA® is available only through a restricted program under a Risk Evaluation
and Mitigation Strategy (REMS) called the YESCARTA® REMS.

Important Safety Information continued on adjacent page.
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IMPORTANT SAFETY INFORMATION
(continued)

CYTOKINE RELEASE SYNDROME (CRS): CRS
occurred in 94% of patients, including 13% with
≥ Grade 3. Among patients who died after receiving
YESCARTA®, 4 had ongoing CRS at death.
The median time to onset was 2 days (range:
1-12 days) and median duration was 7 days (range:
2-58 days). Key manifestations include fever (78%),
hypotension (41%), tachycardia (28%), hypoxia
(22%), and chills (20%). Serious events that may be
associated with CRS include cardiac arrhythmias
(including atrial fibrillation and ventricular
tachycardia), cardiac arrest, cardiac failure,
renal insufficiency, capillary leak syndrome,
hypotension, hypoxia, and hemophagocytic
lymphohistiocytosis/macrophage activation
syndrome. Ensure that 2 doses of tocilizumab are
available prior to infusion of YESCARTA®. Monitor
patients at least daily for 7 days at the certified
healthcare facility following infusion for signs
and symptoms of CRS. Monitor patients for signs
or symptoms of CRS for 4 weeks after infusion.
Counsel patients to seek immediate medical
attention should signs or symptoms of CRS occur
at any time. At the first sign of CRS, institute
treatment with supportive care, tocilizumab or
tocilizumab and corticosteroids as indicated.
NEUROLOGIC TOXICITIES: Neurologic toxicities
occurred in 87% of patients. Ninety-eight percent
of all neurologic toxicities occurred within the first
8 weeks, with a median time to onset of 4 days
(range: 1-43 days) and a median duration of
17 days. Grade 3 or higher occurred in 31% of
patients. The most common neurologic toxicities
included encephalopathy (57%), headache
(44%), tremor (31%), dizziness (21%), aphasia
(18%), delirium (17%), insomnia (9%) and anxiety
(9%). Prolonged encephalopathy lasting up to
173 days was noted. Serious events including
leukoencephalopathy and seizures occurred with
YESCARTA®. Fatal and serious cases of cerebral
edema have occurred in patients treated with
YESCARTA®. Monitor patients at least daily for
7 days at the certified healthcare facility following
infusion for signs and symptoms of neurologic
toxicities. Monitor patients for signs or symptoms
of neurologic toxicities for 4 weeks after infusion
and treat promptly.

YESCARTA® REMS: Because of the risk of CRS
and neurologic toxicities, YESCARTA® is available
only through a restricted program under a Risk
Evaluation and Mitigation Strategy (REMS) called
the YESCARTA® REMS. The required components
of the YESCARTA® REMS are: Healthcare facilities
that dispense and administer YESCARTA® must be
enrolled and comply with the REMS requirements.
Certified healthcare facilities must have on-site,
immediate access to tocilizumab, and ensure that
a minimum of 2 doses of tocilizumab are available
for each patient for infusion within 2 hours after
YESCARTA® infusion, if needed for treatment of
CRS. Certified healthcare facilities must ensure
that healthcare providers who prescribe, dispense
or administer YESCARTA® are trained about the
management of CRS and neurologic toxicities.
Further information is available at
www.YESCARTAREMS.com or
1-844-454-KITE (5483).
HYPERSENSITIVITY REACTIONS: Allergic
reactions may occur. Serious hypersensitivity
reactions including anaphylaxis may be due to
dimethyl sulfoxide (DMSO) or residual gentamicin
in YESCARTA®.
SERIOUS INFECTIONS: Severe or life-threatening
infections occurred. Infections (all grades)
occurred in 38% of patients, and in 23% with
≥ Grade 3. Grade 3 or higher infections with an
unspecified pathogen occurred in 16% of patients,
bacterial infections in 9%, and viral infections
in 4%. YESCARTA® should not be administered
to patients with clinically significant active
systemic infections. Monitor patients for signs
and symptoms of infection before and after
YESCARTA® infusion and treat appropriately.
Administer prophylactic anti-microbials
according to local guidelines. Febrile neutropenia
was observed in 36% of patients and may be
concurrent with CRS. In the event of febrile
neutropenia, evaluate for infection and manage
with broad spectrum antibiotics, fluids and other
supportive care as medically indicated. Hepatitis B
virus (HBV) reactivation, in some cases resulting
in fulminant hepatitis, hepatic failure and death,
can occur in patients treated with drugs directed
against B cells. Perform screening for HBV, HCV,
and HIV in accordance with clinical guidelines
before collection of cells for manufacturing.

Reference: 1. YESCARTA™ [package insert]. Santa Monica, CA: Kite Pharma; 2017.

PROLONGED CYTOPENIAS: Patients may
exhibit cytopenias for several weeks following
lymphodepleting chemotherapy and YESCARTA®
infusion. Grade 3 or higher cytopenias not resolved
by Day 30 following YESCARTA® infusion occurred
in 28% of patients and included thrombocytopenia
(18%), neutropenia (15%), and anemia (3%).
Monitor blood counts after YESCARTA® infusion.
HYPOGAMMAGLOBULINEMIA: B-cell aplasia
and hypogammaglobulinemia can occur.
Hypogammaglobulinemia occurred in 15%
of patients. Monitor immunoglobulin levels
after treatment and manage using infection
precautions, antibiotic prophylaxis and
immunoglobulin replacement. The safety of
immunization with live viral vaccines during or
following YESCARTA® treatment has not been
studied. Vaccination with live virus vaccines is not
recommended for at least 6 weeks prior to the
start of lymphodepleting chemotherapy, during
YESCARTA® treatment, and until immune recovery
following treatment.
SECONDARY MALIGNANCIES: Patients may
develop secondary malignancies. Monitor life-long
for secondary malignancies. In the event that a
secondary malignancy occurs, contact Kite at
1-844-454-KITE (5483) to obtain instructions on
patient samples to collect for testing.
EFFECTS ON ABILITY TO DRIVE AND USE
MACHINES: Due to the potential for neurologic
events, including altered mental status or
seizures, patients are at risk for altered or
decreased consciousness or coordination in the
8 weeks following YESCARTA® infusion. Advise
patients to refrain from driving and engaging
in hazardous occupations or activities, such
as operating heavy or potentially dangerous
machinery, during this initial period.
ADVERSE REACTIONS: The most common
adverse reactions (incidence ≥ 20%) include CRS,
fever, hypotension, encephalopathy, tachycardia,
fatigue, headache, decreased appetite, chills,
diarrhea, febrile neutropenia, infections-pathogen
unspecified, nausea, hypoxia, tremor, cough,
vomiting, dizziness, constipation, and cardiac
arrhythmias.
Please see Brief Summary of Prescribing
Information, including BOXED WARNING,
on the following pages.

Santa Monica, CA

BRIEF SUMMARY OF PRESCRIBING INFORMATION FOR YESCARTA®
(axicabtagene ciloleucel) suspension for intravenous infusion
SEE PACKAGE INSERT FOR FULL PRESCRIBING INFORMATION
WARNING: CYTOKINE RELEASE SYNDROME and NEUROLOGIC TOXICITIES
• Cytokine Release Syndrome (CRS), including fatal or life-threatening
reactions, occurred in patients receiving YESCARTA. Do not administer
YESCARTA to patients with active infection or inflammatory disorders.
Treat severe or life-threatening CRS with tocilizumab or tocilizumab and
corticosteroids [see Dosage and Administration (2.2, 2.3), Warnings and
Precautions (5.1)].
• Neurologic toxicities, including fatal or life-threatening reactions,
occurred in patients receiving YESCARTA, including concurrently
with CRS or after CRS resolution. Monitor for neurologic toxicities
after treatment with YESCARTA. Provide supportive care and/or
corticosteroids, as needed [see Dosage and Administration (2.2, 2.3),
Warnings and Precautions (5.2)].
• YESCARTA is available only through a restricted program under a Risk
Evaluation and Mitigation Strategy (REMS) called the YESCARTA REMS
[see Warnings and Precautions (5.3)].
1 INDICATIONS AND USAGE
YESCARTA is a CD19-directed genetically modified autologous T cell immunotherapy
indicated for the treatment of adult patients with relapsed or refractory large
B-cell lymphoma after two or more lines of systemic therapy, including diffuse
large B-cell lymphoma (DLBCL) not otherwise specified, primary mediastinal large
B-cell lymphoma, high grade B-cell lymphoma, and DLBCL arising from follicular
lymphoma.
Limitation of Use: YESCARTA is not indicated for the treatment of patients with
primary central nervous system lymphoma.
2 DOSAGE AND ADMINISTRATION
2.2 Administration: YESCARTA is for autologous use only. The patient’s identity
must match the patient identifiers on the YESCARTA cassette and infusion bag. Do
not infuse YESCARTA if the information on the patient-specific label does not match
the intended patient [see Dosage and Administration(2.2.3)].
Preparing Patient for YESCARTA Infusion: Confirm availability of YESCARTA
prior to starting the lymphodepleting regimen. Pre-treatment: Administer a
lymphodepleting chemotherapy regimen of cyclophosphamide 500 mg/m2
intravenously and fludarabine 30 mg/m2 intravenously on the fifth, fourth, and third
day before infusion of YESCARTA. Premedication: Administer acetaminophen 650 mg
PO and diphenhydramine 12.5 mg intravenously or PO approximately 1 hour before
YESCARTA infusion. Avoid prophylactic use of systemic corticosteroids, as it may
interfere with the activity of YESCARTA.
Preparation of YESCARTA for Infusion: Coordinate the timing of YESCARTA
thaw and infusion. Confirm the infusion time in advance, and adjust the start time
of YESCARTA thaw such that it will be available for infusion when the patient is
ready. Confirm patient identity: Prior to YESCARTA preparation, match the patient’s
identity with the patient identifiers on the YESCARTA cassette. Do not remove the
YESCARTA product bag from the cassette if the information on the patient-specific
label does not match the intended patient. Once patient identification is confirmed,
remove the YESCARTA product bag from the cassette and check that the patient
information on the cassette label matches the bag label. Inspect the product bag for
any breaches of container integrity such as breaks or cracks before thawing. If the
bag is compromised, follow the local guidelines (or call Kite at 1-844-454-KITE). Place
the infusion bag inside a second sterile bag per local guidelines. Thaw YESCARTA at
approximately 37°C using either a water bath or dry thaw method until there is no
visible ice in the infusion bag. Gently mix the contents of the bag to disperse clumps
of cellular material. If visible cell clumps remain continue to gently mix the contents of
the bag. Small clumps of cellular material should disperse with gentle manual mixing.
Do not wash, spin down, and/or re-suspend YESCARTA in new media prior to infusion.
Once thawed, YESCARTA may be stored at room temperature (20°C to 25°C) for up to
3 hours.
Administration: For autologous use only. Ensure that tocilizumab and emergency
equipment are available prior to infusion and during the recovery period. Do NOT
use a leukodepleting filter. Central venous access is recommended for the infusion
of YESCARTA. Confirm the patient’s identity matches the patient identifiers on the
YESCARTA product bag. Prime the tubing with normal saline prior to infusion. Infuse
the entire contents of the YESCARTA bag within 30 minutes by either gravity or a
peristaltic pump. YESCARTA is stable at room temperature for up to 3 hours after
thaw. Gently agitate the product bag during YESCARTA infusion to prevent cell
clumping. After the entire content of the product bag is infused, rinse the tubing
with normal saline at the same infusion rate to ensure all product is delivered.
YESCARTA contains human blood cells that are genetically modified with

replication incompetent retroviral vector. Follow universal precautions and local
biosafety guidelines for handling and disposal to avoid potential transmission of
infectious diseases.
Monitoring: Administer YESCARTA at a certified healthcare facility. Monitor patients
at least daily for 7 days at the certified healthcare facility following infusion for signs
and symptoms of CRS and neurologic toxicities. Instruct patients to remain within
proximity of the certified healthcare facility for at least 4 weeks following infusion.
2.3 Management of Severe Adverse Reactions
Cytokine Release Syndrome (CRS): Identify CRS based on clinical presentation
[see Warnings and Precautions (5.1)]. Evaluate for and treat other causes of
fever, hypoxia, and hypotension. If CRS is suspected, manage according to the
recommendations in Table 1. Patients who experience Grade 2 or higher CRS
(e.g., hypotension, not responsive to fluids, or hypoxia requiring supplemental
oxygenation) should be monitored with continuous cardiac telemetry and
pulse oximetry. For patients experiencing severe CRS, consider performing an
echocardiogram to assess cardiac function. For severe or life-threatening CRS,
consider intensive care supportive therapy.
Table 1. CRS Grading and Management Guidance
CRS Grade (a)
Grade 1
Symptoms require
symptomatic treatment
only (e.g., fever, nausea,
fatigue, headache,
myalgia, malaise).
Grade 2
Symptoms require and
respond to moderate
intervention.
Oxygen requirement
less than 40% FiO2 or
hypotension responsive
to fluids or low-dose of
one vasopressor or
Grade 2 organ toxicity
(b).

Grade 3

Tocilizumab
N/A

Corticosteroids
N/A

Administer tocilizumab (c)
8 mg/kg intravenously
over 1 hour (not to
exceed 800 mg).

Manage per Grade 3 if
no improvement within
24 hours after starting
tocilizumab.

Repeat tocilizumab
every 8 hours as needed
if not responsive to
intravenous fluids or
increasing supplemental
oxygen.
Limit to a maximum of
3 doses in a 24-hour
period; maximum total of
4 doses.
Per Grade 2

Symptoms require and
respond to aggressive
intervention.
Oxygen requirement
greater than or equal to
40% FiO2 or hypotension
requiring high-dose or
multiple vasopressors or
Grade 3 organ toxicity or
Grade 4 transaminitis.
Grade 4
Life-threatening
symptoms.
Requirements for
ventilator support,
continuous veno-venous
hemodialysis (CVVHD) or

Administer
methylprednisolone
1 mg/kg intravenously
twice daily or equivalent
dexamethasone (e.g.,
10 mg intravenously
every 6 hours).
Continue corticosteroids
use until the event is
Grade 1 or less, then
taper over 3 days.

Per Grade 2

Administer
methylprednisolone
1000 mg intravenously
per day for 3 days; if
improves, then manage
as above.

Grade 4 organ toxicity
(excluding transaminitis).
(a) Lee et al 2014, (b) Refer to Table 2 for management of neurologic toxicity, (c) Refer to tocilizumab
Prescribing Information for details

Neurologic Toxicity: Monitor patients for signs and symptoms of neurologic toxicities
(Table 2). Rule out other causes of neurologic symptoms. Patients who experience
Grade 2 or higher neurologic toxicities should be monitored with continuous cardiac
telemetry and pulse oximetry. Provide intensive care supportive therapy for severe or life
threatening neurologic toxicities. Consider non-sedating, anti-seizure medicines (e.g.,
levetiracetam) for seizure prophylaxis for any Grade 2 or higher neurologic toxicities.

Table 2. Neurologic Toxicity Grading and Management Guidance
Grading
Assessment
Grade 2

Concurrent CRS

No Concurrent CRS

Administer tocilizumab per Table 1
for management of Grade 2 CRS.

Administer
dexamethasone 10 mg
intravenously every
6 hours.

If no improvement within 24 hours
after starting tocilizumab, administer
dexamethasone 10 mg intravenously
every 6 hours if not already taking
other corticosteroids. Continue
dexamethasone use until the event is
Grade 1 or less, then taper over 3 days.

Continue
dexamethasone
use until the event is
Grade 1 or less, then
taper over 3 days.

Consider non-sedating, anti-seizure medicines
(e.g., levetiracetam) for seizure prophylaxis.
Grade 3

Administer tocilizumab per Table 1
for management of Grade 2 CRS.
In addition, administer
dexamethasone 10 mg
intravenously with the first dose of
tocilizumab and repeat dose every
6 hours. Continue dexamethasone
use until the event is Grade 1 or
less, then taper over 3 days.

Administer
dexamethasone 10 mg
intravenously every
6 hours.
Continue
dexamethasone use
until the event is
Grade 1 or less, then
taper over 3 days.

Consider non-sedating, anti-seizure medicines
(e.g., levetiracetam) for seizure prophylaxis.
Grade 4

Administer tocilizumab per Table 1
for management of Grade 2 CRS.
Administer methylprednisolone
1000 mg intravenously per day
with first dose of tocilizumab and
continue methylprednisolone
1000 mg intravenously per day
for 2 more days; if improves, then
manage as above.

Administer
methylprednisolone
1000 mg intravenously
per day for 3 days;
if improves, then
manage as above.

Consider non-sedating, anti-seizure medicines
(e.g., levetiracetam) for seizure prophylaxis.
4 CONTRAINDICATIONS: None.
5 WARNINGS AND PRECAUTIONS
5.1 Cytokine Release Syndrome (CRS): CRS,including fatal or life-threatening
reactions, occurred following treatment with YESCARTA. In Study 1, CRS occurred
in 94% (101/108) of patients receiving YESCARTA, including ≥ Grade 3 (Lee grading
system) CRS in 13% (14/108) of patients. Among patients who died after receiving
YESCARTA, four had ongoing CRS events at the time of death. The median time to
onset was 2 days (range: 1 to 12 days) and the median duration of CRS was 7 days
(range: 2 to 58 days). Key manifestations of CRS include fever (78%), hypotension
(41%), tachycardia (28%), hypoxia (22%), and chills (20%). Serious events that may
be associated with CRS include cardiac arrhythmias (including atrial fibrillation and
ventricular tachycardia), cardiac arrest, cardiac failure, renal insufficiency, capillary
leak syndrome, hypotension, hypoxia, and hemophagocytic lymphohistiocytosis/
macrophage activation syndrome (HLH/MAS) [see Adverse Reactions (6)]. Ensure
that 2 doses of tocilizumab are available prior to infusion of YESCARTA. Monitor
patients at least daily for 7 days at the certified healthcare facility following infusion
for signs and symptoms of CRS. Monitor patients for signs or symptoms of CRS for
4 weeks after infusion. Counsel patients to seek immediate medical attention should
signs or symptoms of CRS occur at any time [see Patient Counseling Information
(17)]. At the first sign of CRS, institute treatment with supportive care, tocilizumab or
tocilizumab and corticosteroids as indicated [See Dosage and Administration (2.3)].
5.2 Neurologic Toxicities: Neurologic toxicities, that were fatal or life-threatening,
occurred following treatment with YESCARTA. Neurologic toxicities occurred in 87%
of patients. Ninety-eight percent of all neurologic toxicities occurred within the first
8 weeks of YESCARTA infusion, with a median time to onset of 4 days (range: 1 to
43 days). The median duration of neurologic toxicities was 17 days. Grade 3 or
higher neurologic toxicities occurred in 31% of patients. The most common
neurologic toxicities included encephalopathy (57%), headache (44%), tremor (31%),
dizziness (21%), aphasia (18%), delirium (17%), insomnia (9%) and anxiety (9%).
Prolonged encephalopathy lasting up to 173 days was noted. Serious events including
leukoencephalopathy and seizures occurred with YESCARTA. Fatal and serious cases
of cerebral edema have occurred in patients treated with YESCARTA. Monitor patients

at least daily for 7 days at the certified healthcare facility following infusion for signs
and symptoms of neurologic toxicities. Monitor patients for signs or symptoms of
neurologic toxicities for 4 weeks after infusion and treat promptly [see Management
of Severe Adverse Reactions (2.3); Neurologic Toxicities].
5.3 YESCARTA REMS: Because of the risk of CRS and neurologic toxicities, YESCARTA
is available only through a restricted program under a Risk Evaluation and Mitigation
Strategy (REMS) called the YESCARTA REMS [see Boxed Warning and Warnings and
Precautions (5.1 and 5.2)]. The required components of the YESCARTA REMS are:
• Healthcare facilities that dispense and administer YESCARTA must be enrolled
and comply with the REMS requirements. Certified healthcare facilities must have
on-site, immediate access to tocilizumab, and ensure that a minimum of two
doses of tocilizumab are available for each patient for infusion within 2 hours after
YESCARTA infusion, if needed for treatment of CRS.
• Certified healthcare facilities must ensure that healthcare providers who prescribe,
dispense or administer YESCARTA are trained about the management of CRS and
neurologic toxicities.
Further information is available at www.YescartaREMS.com or 1-844-454-KITE (5483).
5.4 Hypersensitivity Reactions: Allergic reactions may occur with the infusion of
YESCARTA. Serious hypersensitivity reactions including anaphylaxis, may be due to
dimethyl sulfoxide (DMSO) or residual gentamicin in YESCARTA.
5.5 Serious Infections: Severe or life-threatening infections occurred in patients
after YESCARTA infusion. In Study 1, infections (all grades) occurred in 38% of
patients. Grade 3 or higher infections occurred in 23% of patients. Grade 3 or higher
infections with an unspecified pathogen occurred in 16% of patients, bacterial
infections in 9%, and viral infections in 4%. YESCARTA should not be administered
to patients with clinically significant active systemic infections. Monitor patients
for signs and symptoms of infection before and after YESCARTA infusion and treat
appropriately. Administer prophylactic anti-microbials according to local guidelines.
Febrile neutropenia was observed in 36% of patients after YESCARTA infusion
and may be concurrent with CRS. In the event of febrile neutropenia, evaluate for
infection and manage with broad spectrum antibiotics, fluids and other supportive
care as medically indicated. Viral Reactivation: Hepatitis B virus (HBV) reactivation,
in some cases resulting in fulminant hepatitis, hepatic failure and death, can occur
in patients treated with drugs directed against B cells. Perform screening for HBV,
HCV, and HIV in accordance with clinical guidelines before collection of cells for
manufacturing.
5.6 Prolonged Cytopenias: Patients may exhibit cytopenias for several weeks
following lymphodepleting chemotherapy and YESCARTA infusion. In Study 1,
Grade 3 or higher cytopenias not resolved by Day 30 following YESCARTA infusion
occurred in 28% of patients and included thrombocytopenia (18%), neutropenia
(15%), and anemia (3%). Monitor blood counts after YESCARTA infusion.
5.7 Hypogammaglobulinemia: B-cell aplasia and hypogammaglobulinemia
can occur in patients receiving treatment with YESCARTA. In Study 1,
hypogammaglobulinemia occurred in 15% of patients. Monitor immunoglobulin
levels after treatment with YESCARTA and manage using infection precautions,
antibiotic prophylaxis and immunoglobulin replacement. The safety of immunization
with live viral vaccines during or following YESCARTA treatment has not been
studied. Vaccination with live virus vaccines is not recommended for at least
6 weeks prior to the start of lymphodepleting chemotherapy, during YESCARTA
treatment, and until immune recovery following treatment with YESCARTA.
5.8 Secondary Malignancies: Patients treated with YESCARTA may develop
secondary malignancies. Monitor life-long for secondary malignancies. In the event
that a secondary malignancy occurs, contact Kite at 1-844-454-KITE (5483) to obtain
instructions on patient samples to collect for testing.
5.9 Effects on Ability to Drive and Use Machines: Due to the potential for
neurologic events, including altered mental status or seizures, patients receiving
YESCARTA are at risk for altered or decreased consciousness or coordination in
the 8 weeks following YESCARTA infusion. Advise patients to refrain from driving
and engaging in hazardous occupations or activities, such as operating heavy or
potentially dangerous machinery, during this initial period.
6 ADVERSE REACTIONS: The following adverse reactions are described in Warnings
and Precautions: Cytokine Release Syndrome, Neurologic Toxicities, Hypersensitivity
Reactions, Serious Infections, Prolonged Cytopenias, Hypogammaglobulinemia.
6.1 Clinical Trials Experience: Because clinical trials are conducted under widely
varying conditions, adverse reaction rates observed in the clinical trials of a drug
cannot be directly compared to rates in the clinical trials of another drug and may
not reflect the rates observed in practice. The safety data described in this section
reflect exposure to YESCARTA in the clinical trial (Study 1) in which 108 patients with
relapsed/refractory B-cell NHL received CAR-positive T cells based on a recommended
dose which was weight-based [see Clinical Trials (14)] . Patients with a history of CNS
disorders (such as seizures or cerebrovascular ischemia) or autoimmune disease
requiring systemic immunosuppression were ineligible. The median duration of
follow up was 8.7 months. The median age of the study population was 58 years
(range: 23 to 76 years); 68% were men. The baseline ECOG performance status was

43% with ECOG 0, and 57% with ECOG 1. The most common adverse reactions
(incidence ≥ 20%) include CRS, fever, hypotension, encephalopathy, tachycardia,
fatigue, headache, decreased appetite, chills, diarrhea, febrile neutropenia,
infections-pathogen unspecified, nausea, hypoxia, tremor, cough, vomiting,
dizziness, constipation, and cardiac arrhythmias. Serious adverse reactions occurred
in 52% of patients. The most common serious adverse reactions (> 2%) include
encephalopathy, fever, lung infection, febrile neutropenia, cardiac arrhythmia,
cardiac failure, urinary tract infection, renal insufficiency, aphasia, cardiac arrest,
Clostridium difficile infection, delirium, hypotension, and hypoxia. The most common
(≥ 10%) Grade 3 or higher reactions include febrile neutropenia, fever, CRS,
encephalopathy, infections-pathogen unspecified, hypotension, hypoxia, and lung
infections. Forty-five percent (49/108) of patients received tocilizumab after infusion
of YESCARTA.
Summary of Adverse Reactions Observed in at Least 10% of the Patients
Treated with YESCARTA in Study 1
Adverse Reaction
Cardiac disorders
Gastrointestinal
disorders

General disorders
and administration
site conditions
Immune system
disorders
Infections and
infestations
Investigations
Musculoskeletal
and connective
tissue disorders
Nervous system
disorders

Psychiatric disorders
Respiratory,
thoracic and
mediastinal
disorders
Renal and urinary
disorders
Vascular disorders

Tachycardia
Arrhythmia
Diarrhea
Nausea
Vomiting
Constipation
Abdominal pain
Dry mouth
Fever
Fatigue
Chills
Edema
Cytokine release syndrome
Hypogammaglobulinemia
Infections-pathogen
unspecified
Viral infections
Bacterial infections
Decreased appetite
Weight decreased
Dehydration
Motor dysfunction
Pain in extremity
Back pain
Muscle pain
Arthralgia
Encephalopathy
Headache
Tremor
Dizziness
Aphasia
Delirium
Hypoxia
Cough
Dyspnea
Pleural effusion
Renal insufficiency
Hypotension
Hypertension
Thrombosis

Any Grade
(%)
57
23
38
34
26
23
14
11
86
46
40
19
94
15
26

Grades 3 or
Higher (%)
2
7
4
0
1
0
1
0
16
3
0
1
13
0
16

16
13
44
16
11
19
17
15
14
10
57
45
31
21
18
17
32
30
19
13
12

4
9
2
0
3
1
2
1
1
0
29
1
2
1
6
6
11
0
3
2
5

57
15
10

15
6
1

The following events were also counted in the incidence of CRS: tachycardia, arrhythmia, fever, chills,
hypoxemia, renal insufficiency, and hypotension. For a complete list of events that contributed to the
incidence of certain adverse reactions, please see footnote below Table 3 in Section 6.1 of the Full
Prescribing Information.

Other clinically important adverse reactions that occurred in less than 10% of
patients treated with YESCARTA include the following: blood and lymphatic system
disorders: coagulopathy (2%); cardiac disorders: cardiac failure (6%) and cardiac
arrest (4%); immune system disorders: hemophagocytic lymphohistiocytosis/
macrophage activation syndrome (HLH/MAS) (1%), hypersensitivity (1%); infections
and infestations disorders: fungal infections (5%); nervous system disorders: ataxia
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Summary
New developments in the management of acute myeloid leukemia include new
genetic tests for predicting prognosis and treatment and the first new therapies in
over 30 years. With the new therapies, survival is being improved in this still fatal
disease.
Key Points
• AML is the most lethal leukemia and is most common in adults.
• It is most common in those over the age of 60.
• There are over 30 recognized subtypes of AML, which are each treated
differently.
• The subtype predicts response to treatment and prognosis.
• Four new therapies were approved in the last year.

ACUTE MYELOID LEUKEMIA (AML) IS A
hematopoietic neoplasm characterized by clonal
proliferation of immature myeloid precursors and
accumulation of leukemic blast cells in bone marrow, blood, and other tissues. There are approximately 19,000 new cases per year in the United
States (U.S.), making it the most common type of
leukemia in adults. AML is the most lethal leukemia, resulting in approximately 10,500 deaths per
year. The incidence increases with age from 1 per
100,000 at age 40 to up to 15 per 100,000 at ages
greater than 75.
The age distribution has important practical considerations; most of cases (60%) are in patients over
60 years of age. Those over 60 generally do poorly
with the older standard chemotherapy regimens
compared with younger patients; this age group has
become a hotbed of clinical research in recent years.
AML is now being recognized as a very heterogeneous disease and is no longer categorized purely by
morphology. Approximately 30 subtypes of AML
are recognized and each are each treated differently

because the subtype predicts response to treatment
and prognosis.
Cytogenetic testing is now a major part of diagnosis and treatment. The subtypes of AML can be
classified as favorable risk, intermediate risk, and adverse risk based on cytogenetics. Five-year survival
rates ranges from less than 10 percent in patients
with unfavorable risk cytogenetics to more than 80
percent in those with favorable risk cytogenetics.1
Favorable AML can actually be cured, whereas adverse risk AML is not curable. The largest group of
patients, which make up for about 55 to 60 percent,
are the intermediate risk patients whose prognosis
is also the most heterogeneous, although it tends to
gravitate toward the unfavorable group.
Beyond cytogenetics are molecular studies identifying specific somatic point mutations in the
AML cells. A vast array of mutations have been
identified in this disease and the commonly identified mutations have led to the development of therapy targeted at these mutations.2 The combined information from cytogenetic and molecular analyses
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Exhibit 1: Risk Stratification by Example Genetic Abnormalities3

FAVORABLE

t(8;21)(q22;q22.1)
inv(16)(p13.1q22) or t(16;16)(p13.1;q22)
Mutated NPM1 without FLT3-ITD or with FLT3-ITDlow
Biallelic mutated CEBPA

INTERMEDIATE

Mutated NPM1 and FLT3-ITDhigh
Wild-type NPM1 without FLT3-ITD or with FLT3-ITDlow
(without adverse-risk genetic lesions)
t(9;11)(p21.3;q23.3)
Cytogenetic abnormalities not classified as favorable or adverse

UNFAVORABLE

t(6;9)(p23;q34.1)
inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2)
Wild-type NPM1 and FLT3-ITDhigh
Mutated RUNX1, ASXL1, or TP53

t = translocation
del = deletion
inv = inversion

led to a revision of the risk model of patients with
AML published by the European LeukemiaNet in
2017. Examples of various identified genetic abnormalities and their risk are shown in Exhibit 1.3
Certain mutations commonly occur together and
the specific combinations of mutations have an impact on prognosis.
The initial evaluation of patients with AML
should pay heed to both disease- and patient- specific variables that will determine outcomes (Exhibit 2). Disease-specific markers, such as the cytogenetic-molecular markers, determine the ease
of treatment, resistance to therapy, prognosis, and
therapy selection. Their impact is typically not seen
until later in the initial treatment phase (induction).
On the other hand, patient-specific variables influence the likelihood of dying during induction and
become transparent early on, almost always within
the first four weeks of therapy. For example, age is
a general marker of the ability to tolerate therapy.
Those who are older may not be able to tolerate
aggressive therapy and may only be able to receive
palliative therapy.
The standard treatment for patients less than 60
years of age has been induction with intensive chemotherapy. It is referred to as 7+3; 7 days of intravenous cytarabine at a standard dose for 7 days and
3 days of an anthracycline, either daunorubicin or
idarubicin.4,5 The goal of induction is to achieve
remission. The likelihood of achieving a remission
is in the range of around 70 percent. Given the
newer knowledge about mutations and the new

therapies, this induction regimen is likely not the
best option for many patients. Thus, standard regimens are changing.
After remission, patients receive consolidation
therapy. This may involve additional chemotherapy
with or without a bone marrow transplant or enrollment in a clinical trial. The selection of a consolidation regimen is easiest in those with favorable and
adverse risk. Patients with favorable risk disease will
get high-dose chemotherapy with or without a bone
marrow transplant. Those with adverse risk disease
will likely be put in clinical trials. The most discussion about a treatment plan takes place for intermediate risk patients. Those with intermediate risk
have the same treatment options of high-dose chemotherapy, transplant, or clinical trial. These individuals need careful follow-up because their relapse
rate is 30 to 40 percent after consolidation therapy.
Cytogenetics and mutation data are changing the
traditional induction and consolidation approach in
certain subtypes. One type of favorable prognosis,
core binding factor (CBF) AML, occurs in 5 to 10
percent of patients. CBFs are heterodimeric transcription factors, which regulate hematopoietic development. The fusion proteins that are the product
of these translocations and inversions impair normal
hematopoietic development, although by itself they
are probably not sufficient to cause leukemia. Some of
the patient-specific factors which modify prognosis
in acute core binding myeloid leukemia (CBF-AML)
include increased age and increased white blood cell
counts. Secondary molecular abnormalities includ-
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Exhibit 2: Pretreatment Evaluation

• Patient-Specific
		- Age
		- Comorbidities
		 - Performance status
• Disease-Specific
		- Cytogenetic and Molecular
		 - Antecedent hematologic disorder(MDS)

ing KIT, FLT, and NRAS can occur in CBF AML.
Presence of KIT increases the risk of relapse and thus
modifies the favorable risk of CBF AML The regimen for CBF AML induction includes fludarabine,
cytarabine, gemtuzumab ozogamicin (a new agent
for AML), and granulocyte colony stimulating factor
(FLAG-GO). Five-year survival rates with previous
regimens were 46 percent in 1990 to 1999 and are
now 80 percent with FLAG-GO.
Gemtuzumab ozogamicin (Mylotarg ®) is one of
the new agents approved in the past year for AML.
This agent was actually approved in 2000 but was
voluntarily withdrawn in 2010 after a confirmatory
trial failed to show clinical benefit, and there was
a higher rate of fatal toxicity compared to chemotherapy. It was reintroduced with a lower recommended dose after new positive clinical trials.6 This
agent is a monoclonal antibody against CD33, a cell
surface marker frequently found in AML, covalently
linked to the cytotoxic agent N-acetyl gamma calicheamicin. This agent binds to the AML cell and
then enters the cell to deliver the cytotoxic component. The FDA approved indication is adults with
newly diagnosed CD33-positive AML and adults
and children two years and older with relapsed or
refractory CD33-positive AML. It is being used in
favorable and intermediate risk AML.
AML with nucleophosmin one (NPM1) or
CCAAT/enhancer binding protein α (CEBPA)
mutations without FMS like tyrosine kinase three
(FLT3) mutation is another favorable subtype. Those
with NPM1 without FLT3 mutation have the same
benefit from chemotherapy or transplant, so chemotherapy is the recommended treatment. Transplant
benefits patients without these mutations.7,8
FLT3 is a receptor present on all hematopoietic
cells. In about 25 to 30 percent of AML, there are
mutations in the gene for FLT3 that lead to internal tandem duplications (ITD) in the JM domain of
FLT3 of variable length, and there are point mutations in D835 (activation loop) in about 7 percent

of AML patients. Those with FLT3-ITD mutation
have a higher risk of relapse and shorter overall survival. FLT3 inhibitors have been developed to target this mutation.
FLT3 inhibitors include type II tyrosine kinase inhibitors [sorafenib and quizartinib (investigational)]
and type I tyrosine kinase inhibitors [midostaurin,
crenolanib (investigational), and gilteritinib (investigational)]. Type II agents work in FLT3 ITD mutations and type I in both ITD and D835. Sorafenib
has been available for several years for other indications and has been used off-label for FLT3 mutation-positive AML. Its use has produced significant
improvement in relapse-free survival but not overall
survival.9 This may have been due to the study design where all comers rather than those with only
FLT3 mutations were included.
Midostaurin (Rydapt®) is the second AML targeted
agent approved by the FDA in the last year. It is given
with the traditional 7+3 regimen. Addition of midostaurin results in a 23 percent reduced risk of death
in those with FLT3 mutations and improved fiveyear overall survival.10 This combination is now the
standard of care in those with FLT3-mutated AML.
Isocitrate dehydrogenase (IDH) mutations represent an important cancer metabolism target. IDH
wild-type catalyzes oxidative decarboxylation of
isocitrate to produce CO2 and alpha-ketoglutarate
in the Krebs cycle. Three isoforms exist: IDH1
in the cytoplasm, IDH2 in the mitochondria, and
IDH3. IDH mutations produce high levels of an
“oncometabolite” 2-hydroxyglutarate (2HG). 2HG
leads to differentiation block via epigenetic alterations, which turns a normal hematopoietic cell into
an AML cell. In AML and glioblastomas, IDH1 and
IDH2 are often mutated.11 IDH mutations occur in
about 10 percent of AML cases.
Enasidenib (Idhifa®), the only noncytotoxic, targeted inhibitor of the mutant IDH2 enzyme, releases the block on myeloid differentiation and produces dramatic responses in those with IDH-mutated
AML. Response rates of 35 to 40 percent were seen
in trials and it improves median survival in relapsed
refractory AML from seven months to 19 months.12
With this therapy, the blast cells are maturing and
differentiating, but it takes time for this agent to
work. Those who do not respond typically also have
other mutations. With this outpatient therapy, the
patients have a better quality of life, lower need for
blood transfusion, and avoid all the issues associated
with chemotherapy. They do require once or twice
weekly blood work. Enasidenib is currently being
used for relapsed/refractory AML with IDH mutations but is moving into frontline therapy in this
subtype. Another agent for IDH1-mutated AML is
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Exhibit 3: Response Rates with Cytarabine/Daunorubicin Liposome versus 7+3 in Secondary AML17

Cyta/Dauno (n = 153)

7+3 (n = 156)
P = 0.016

60
p = 0.040

Patients (%)

47.7
40

37.3

33.3
25.6

20

0
CR
Odds Ratio (95% Conf. Int.)

CR + CRi

1.69 (1.03, 2.78)

1.77 (1.11, 2.81)

CR = complete remission
CRi = complete remission with incomplete blood count recovery

in the pipeline. AG120 produces similar responses
to enasidenib.
TP53 mutations are associated with an adverse
prognosis in AML. Chemotherapy is not especially
effective in TP53-mutated AML. Currently, this
type of patient is treated with low- intensity chemotherapy, which results in similar survival rates
as high-intensity chemotherapy.13,14 This results in
fewer adverse effects so the patients are in better
shape at the end of induction therapy and can then
go on to stem cell transplant.
Patients 70 years of age and older with AML have a
poor prognosis because of disease characteristics (e.g.,
adverse cytogenetics, secondary AML from myelodysplastic syndrome), poor performance status, and
comorbidities. Intense frontline therapy for AML
(7+3) usually is not appropriate for elderly patients
because of poor tolerance and high early mortality.
Recent trends in research emphasize lower intensity
approaches in elderly using 5-azacitidine, decitabine,
clofarabine with low-dose cytarabine, and cladribine
with low-dose cytarabine. Decitabine and 5-azacytidine had become the standard of care in older patients
because they improved median overall survival compared with more intense chemotherapy.15,16 Recent
data have shown that adding an old drug, cladribine,
to low-dose cytarabine improves median OS. As a
purine analog, cladribine is a synthetic chemotherapy agent that targets lymphocytes and selectively
suppresses the immune system. This low-intensity,
outpatient regimen produces very good complete re-

sponses (60%). Overall, the treatment paradigm in
the elderly with AML has moved from aggressive
induction to longer term low-intensity therapy.
The newest agent to be FDA approved for AML is
cytarabine/daunorubicin liposome (Vyxeos®). It is a
5:1 molar ratio of cytarabine to daunorubicin which
has been shown to be optimal in in vitro and in vivo
AML models. The 100-nm bilamellar liposomes deliver the 5:1 molar ratio for over 24 hours with each
dose. The liposomes concentrate in the leukemia
blast cells with intracellular drug release; a smaller
dose of each drug can be given and systemic exposure is limited. This agent accumulates and persists
in the bone marrow. It is a three-day regimen of
three doses for induction and two doses for consolidation. It works best in those with secondary AML,
which is one of the most difficult to treat forms of
AML. Exhibit 3 shows the complete remission rates
with this agent compared to 7+3.17 It also improved
median OS (9.56 months vs 5.95).
Several other agents are under investigation for
treating AML. Venetoclax (Venclexta® ), which is
currently approved for chronic lymphocytic leukemia (CLL) treatment, has been studied in AML
and is now used off-label in IDH1-mutated AML
because B-cell lymphoma two (BCL-2), the target of venetoclax, has been found to be upregulated in this AML subtype. The response rate to
this agent is about 50 percent. Combining this
agent with azacitidine and decitabine improves
the response rate to 60 percent and improves
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overall survival.
Another advancement in treating AML has been
the detection of minimal residual disease (MRD).
Traditionally, remission was determined by giving
induction and then 28 days later a bone marrow biopsy was done looking for blast cells. A blast level
less than 5 percent was considered remission. Beyond the microscopic examination, a way to look
deeper at what was going on in the bone marrow
was sought. One way is to look at the quantitative
DNA PCR to detect mutations. This test can be
followed to see the percentage of cells with problem
mutations dropping with treatment. There is now
the ability to detect 1 in 10,000 level abnormal cells
using DNA PCR testing.
MRD detection is now a vital part of AML treatment. Quantification of MRD provides an estimate
of the reduction of disease burden, reflecting the
inherent leukemia biology, drug-resistance mechanisms, the adequacy of the treatment, and other
host-drug interactions influencing the response. It
is done in all patients at the end of therapy to determine the risk for relapse and whether the patient
should go on to transplant. Patients who still have
evidence of disease at the end of induction have a
much higher risk of relapse and lower overall survival compared to those with no disease detected. In
a patient with MRD after induction, they may receive another round of therapy or have an allogenic
stem cell transplant. Having complete cytogenetic
and molecular remission/no residual disease leads to
better overall survival and reduced risk of relapse.18,19
Numerous agents are under investigation for treating AML. These include monoclonal antibodies
(SGN-CD33A, AMG-330, SL-401, others), hypomethylating agents (oral azacitidine), checkpoint inhibitors (nivolumab), immunotherapy (lenalidomide),
small molecule FLT3 inhibitors, and CAR-T cells.
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Conclusion

2010;28(4):562-9.

It is an exciting time to be treating AML. There
are now four new treatments for select subsets of
patients which improve median overall survival.
As more is discovered about the mutations which
drive this disease, more targeted therapies will be
coming to market which will continue to improve
overall survival.
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Summary
A great deal of changes have come to the therapeutic treatment of atopic dermatitis, including major advances in treating moderate to severe disease. It is important
to treat atopic dermatitis because it has major impact on risk for comorbidities and
quality of life.
•
•
•
•

Key Points
Moderate to severe AD is common in children and adults.
The impact of AD on quality of life is tremendous.
Past treatment options for moderate to severe disease were inadequate.
New agents for mild to moderate and moderate to severe disease are
now available.

ATOPIC DERMATITIS (AD) IS A VERY COMmon chronic inflammatory skin disease, often starting in infancy. It is also commonly called eczema; it
manifests as eczematous rashes, itch, bacterial colonization and secondary infections and can have an
intermittent or persistent course.
There are no good incidence data on pediatric
AD in the United States (U.S.). In Denmark, the
incidence is 2,150 per 100,000 person-years. There
are good prevalence data for the U.S. showing increasing rates. In Oregon school children, 17 percent were found to have AD.1 In the national health
surveys, the U.S. prevalence was 10.7 percent in
2003 to 2004 and rose to 12.9 percent in 2008.2
Adult prevalence data are even harder to find. With
adults, the new disease onset rate is unknown. A
U.S. national health survey found 10.2 percent
prevalence in 2010 and 7.2 percent in 2012.3 Prevalence is probably higher in adults than these percentages indicate because adults may not be seek-

ing treatment because previously nothing much
worked for more severe disease.
Patients can have mild, moderate, or severe
disease, but there is no accepted gold standard for
determining the severity of AD. There are many
different rating scales [Severity Scoring of Atopic
Dermatitis (SCORAD), Eczema Area and Severity Index (EASI), Investigators’ Global Assessment
(IGA) and Six Area, Six Sign Atopic Dermatitis
(SASSAD)] which include extent of disease [body
surface area (BSA)], morphology, itch, and quality
of life (QOL). These scales are used in clinical trials but are rarely used in the clinical setting; most
clinicians just use personal experience to rate the
patient’s disease. Managed care will not typically
have rating scale data available for individual patients to determine disease severity and make coverage decisions.
It is estimated that three million children and one
million adults in the U.S. have moderate to severe
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Exhibit 1: Reported AD Comorbidities
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Food allergies
Asthma
Allergic rhinitis
Contact dermatitis
Sleep disturbance
Emotional/behavioral disruption
Pain
Skin infections
Quality of Life impact

disease.3 Ten percent of adult AD patients in Germany are on systemic therapy, which can be used as
a marker for moderate to severe disease.4
Atopic dermatitis causes significant disease burden. The National Eczema Association funded a
Burden of Disease report published in 2016 which
was a comprehensive “lay of the land.” The report
was organized around research questions and focused on comorbidities and quality of life.5 This report, however, is already outdated; more than 1,000
papers on AD have been published since the report
was written.
Moderate to severe AD impacts quality of life
(QOL) comparably to cystic fibrosis, chronic kidney disease, and asthma.5 Pain and itch from AD
are under-recognized as impacting QOL. Some of
these patients have been itching all day on every day
of their life. Itching contributes to significant sleep
loss in children affected by AD, their parents, and
adults with AD. Thus, it is important for payers to
recognize this QOL impact for patients and parents
of affected children.
Atopic dermatitis is not “just eczema” in impact
because of comorbidities. This is a systemic inflammatory disease like psoriasis, rheumatoid arthritis,
and lupus. Reported comorbidities of AD are listed
in Exhibit 1. Some have been recognized for a long
time, while others are recently linked.
Atopic march is associated with AD; a patient
with AD or food allergies as an infant goes on to
develop asthma as a child and allergic rhinitis as an
adult (Exhibit 2). Some children develop all the facets of the atopic march and others do not. It appears
that early intervention in high-risk infants can pre-

ADHD
Anemia
Autism
Obesity
Vitiligo
Alopecia areata
Cardiovascular disease
Lymphoma
Fracture risk
Headaches
Speech disorders
Basal cell carcinoma
Henoch Schonlein purpura and nephropathy

vent food allergies and AD; prevention of further
progression through the march is still unanswered.
The Study of the Atopic March tried to determine
whether early intervention could prevent the atopic
march.6 This was a three-year double-blind study in
1,091 infants three to 18 months of age with recent
onset mild to moderate AD who were randomized
to pimecrolimus, a calcineurin inhibitor, or vehicle
and then open label pimecrolimus x 3 additional
years. No significant differences between pimecrolimus- and placebo-treated groups were found in
the percentage of patients with AD who developed
asthma (10.7%) or other allergic conditions (allergic
rhinitis, 22.4%; food allergy, 15.9%; allergic conjunctivitis, 14.1%; one or more atopic comorbidities,
37.0%) by the end of the study.6 This study did confirm the order of the atopic march and importantly
it showed that risk for comorbidity development was
proportionate to eczema severity. Unfortunately,
this study had many dropouts, likely due to new
black box warnings about cancer possibility with
topical calcineurin inhibitors which limited conclusions of the study. More is being learned about prevention of comorbidities in better studies.
Attention deficit hyperactivity disorder (ADHD)
appears to be a major comorbidity of AD. A 2013
study using the National Survey of Children’s
Health showed a dose-dependent relationship between AD severity and ADHD risk.7 Using National Health Interview Survey (NHIS) and National Health and Nutrition Examination Survey
(NHANEs) data, a study found an odds ratio (OR)
in children of 1.14 (95 CI 1.03-1.26) and in adults
of 1.61 (1.25-2.06) for risk of ADHD when AD
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Exhibit 2: Atopic March6
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was present.8 Thus, AD is associated with increased
odds of ADHD in adults and children with greater
AD severity meaning greater risk.
Anemia is another proven comorbidity over-represented in AD patients.9 Although sleep loss may
be causing fatigue in those with AD, anemia should
also be considered. Patients with moderate to severe AD lose one to two hours of sleep per night
because of the disease. Sleep loss can impact school
and work performance and also impacts the parents
of children with AD.
It may be possible to prevent AD. Using moisturizers early and often in newborns at high risk for AD
appears to be effective in reducing risk. Two trials of
twice daily emollient use started within three weeks
of birth found a 50 percent risk reduction in AD.10,11
Early emollient use is very cost effective. Six months
of petrolatum (Vaseline) costs $353/quality-adjusted
life year (QALY, 95% CI $244-$1,769).12 This figure does not capture preventing comorbidities and
the atopic march. Thus, fixing the skin barrier defects early in life may be one key to AD prevention
Basic treatment of AD includes emollients, topical
corticosteroids, and topical calcineurin inhibitors (tacrolimus, pimecrolimus). None of these are cures for
AD; however they do control the disease, which is
important for patients to understand. They need to
continue using the therapies even when skin is clear.
Tacrolimus is the only topical approved for moderate
to severe AD. Barriers to success with topical treatments include adherence, steroid phobia, and frustration with lack of efficacy. These options are not usually adequate for those with moderate to severe disease.
A new topical agent with a different mechanism

of action is available for treating mild to moderate
AD. Crisaborole is a boron-based molecule with
anti-inflammatory properties that inhibits phosphodiesterase type 4 (PDE4i). It is indicated for mild to
moderate AD in those two years of age and older.
Crisaborole treatment produced clear/almost clear
skin in 32.8 percent and 31.4 percent of patients in
two trials compared with 25.4 percent and 18.0 percent for vehicle.13 The vehicle used in AD trials is
not a true placebo because it is an emollient, which
is effective because subjects in studies are moisturizing every day, unlike in real life. The older options
that crisaborole most resembles in terms of efficacy
is pimecrolimus or 2.5 percent hydrocortisone, but
this is a nonsteroidal without a boxed warning like
topical calcineurin inhibitors which is its niche.
Stinging at the application site is a concern and appears more likely than studies suggest (~4% of patients). The biggest barrier to use beyond the stinging at the application site is the cost ($580/60 gm
wholesale). This agent is not going to be effective in
those with moderate or severe disease, so requiring
use of it before moving on to systemic agents should
not be instituted as part of a prior approval process.
There is still a treatment gap for those who are
under two years old. Parents are typically very reluctant to use corticosteroids or topical calcineurin
inhibitors on their very young children. There is not
yet an approval to use crisaborole in this population.
Adjuncts to basic treatment include antihistamines and anti-infectives, including bleach baths.
Non-sedating antihistamines are beneficial for patients with other allergy symptoms, such as conjunctivitis and rhinitis; they are not helpful for the itch
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of AD. Sedating antihistamines can be helpful for
interrupting the itch/scratch cycle and allow sleep.
Phototherapy is also an effective treatment option
but has to be done three times weekly, which is a
major barrier for many patients. Insurance coverage
which requires a copay per every phototherapy session is also a barrier.
Prior to 2017, the only FDA approved systemic
option for moderate to severe disease was oral prednisone. This agent, of course, works effectively to
suppress itch and rash; however, when it is stopped,
the disease flares; additionally, there are the longterm consequences of oral corticosteroids.
Several systemic agents have been used off-label
for moderate to severe AD. These include cyclosporine, methotrexate, mycophenolate, and azathioprine; all of which are general immune suppressants which cause significant adverse effects. They
are all modestly effective in controlling moderate
to severe disease. The onset of effect is about two
months for all of them, except cyclosporine, which
works relatively quickly.
Although effective biologics have been available for several years for many other inflammatory
diseases, including psoriasis, none of the marketed
agents have been effective for AD. In 2017, the first
biologic, dupilumab, was approved for moderate to
severe AD in those 18 years of age and older. Dupilumab (Dupixent ®) is an every other week injectable
biologic targeting interleukin 4 and 13, which are
important meditators of T helper cell-mediated inflammation which also impacts asthma, sinusitis, and
nasal polyposis. Compared with placebo, dupilumab
treatment resulted in clear or almost clear in 38 percent of subjects compared with 10 percent of those

Week 16

Week 52

Dupilumab 300 mg
every 2 weeks/Steroid

receiving placebo.14 Itching and EASI scores were
also significantly impacted. Combining dupilumab
and topical corticosteroids is even more effective
than either alone out to one year (75% reduction in
EASI score, 60-70% vs 20%, Exhibit 3).15 At week
16, more patients who received dupilumab plus topical corticosteroids achieved the IGA 0/1 compared
to placebo plus topical corticosteroids (39% vs 12%,
p<0·0001) and EASI-75 (69% vs 23%). Week 52
results were similar. Clear or almost clear skin is
a high bar in moderate to severe AD. Adverse effects of concern with dupilumab include injection
site reactions and conjunctivitis, which occurred in
10 percent of adult patients with AD. Interestingly,
conjunctivitis has not been seen in the trials in children or asthma. This product is a 2 ml injection,
which can be a volume issue in small children.
Pediatric trial data with dupilumab has been presented at an American Academy of Dermatology
meeting, but it does not yet have an indication for
those under the age of 18. Dupilumab, administered
as either a single dose or multiple weekly doses, was
well tolerated and effective in those between the
ages of six to 17. The pharmacokinetic profile was
similar to that in adults. In the pediatric trial, there
were no cases of discontinuation because of adverse
effects and there was no conjunctivitis signal.
Open-label studies show a durable effect out to 52
weeks with dupilumab. Phase III data suggest dupilumab has superior efficacy to off-label systemic
agents used in past. This agent also has a fast onset
of action like cyclosporine and improved safety over
the off-label systemic agents. Its novel mechanism
and encouraging safety and efficacy mean this agent
may be a game changer in AD treatment.
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Exhibit 4: Case Study
CD is a 12-year-old girl with moderate to severe AD since infancy. She has food allergies, asthma,
and ADHD. She has tried hydrocortisone 2.5% and triamcinolone 0.1% creams but these did not
work. She uses lotions “ when things get bad” and takes a 30-minute hot shower every day. She
loses sleep “every night” due to itch.
• Assessment
–Assure diagnosis
		 • Contact dermatitis?
–Assess impact of disease
		 • Especially on quality of life
• Plan
–Optimize skin care and topical therapy
		 • Crisaborole would not be effective
		 • Tacrolimus likely should be tried before systemic therapy
–Systemic therapy if fails tacrolimus
		 • Cyclosporine vs methotrexate vs mycophenylate vs azathioprine vs dupilumab (all off-label
			 for her age group)
		 • Cyclosporine and dupilumab both have faster onset of action than others
		 • All but dupilumab require laboratory monitoring.
		 • Cyclosporine is oral but should only be used for one year
		 • Dupilumab has fewer adverse effects, fewer blood draws, and no required limit on therapy 		
			 duration but is injectable

Because of the cost of biologic agents, managed
care especially questions which patients with AD
should get systemic therapy. The International
Eczema Council consensus recommendations
recommend that the diagnosis be evaluated, skin
care and topical use be optimized, and triggers
eliminated before systemic therapy is prescribed.16
Prior treatment failures, severity of the disease,
and the risks and benefits of treatment, and the
patient’s quality of life should be considered. Severity-based scoring systems alone are inadequate
for selecting the aggressiveness of therapy. Severity scores do not always capture how bad the disease is in an individual patient; the disease tends
to wax and wane and also can be very severely
localized such as to the feet or hands. Exhibit 4
illustrates selecting therapy in a pediatric patient
with moderate to severe AD.
Numerous other biologics targeting IL-31, IL13, IL-17, IL-22 and others are being investigated.
Promising Phase II data on nemolizumab, a humanized antibody against IL-31 which is thought of as
the itch cytokine, have been published.17 It reduced
itching by 44 to 63 percent compared to 21 percent
in the placebo group and improved EASI scores.
This agent is currently in Phase III trials in adults
and children with AD and for other atopic conditions such as asthma.
Janus associated kinase ( JAK) inhibitors are also
being investigated for AD. They are currently being used for myelofibrosis and rheumatoid arthri-

tis and being investigated in numerous inflammatory diseases. Oclacitinib is a JAK inhibitor already
approved for AD in dogs. Oral JAK inhibitors do
have serious adverse effects and are costly. Tofacitinib, which is already is FDA approved orally for
rheumatoid arthritis, has been investigated topically
for AD to avoid the systemic adverse effects. Topical tofacitinib treatment produced clear or almost
clear skin in 71.4 percent of patients compared with
20.6 percent of vehicle-treated patients.18 This is a
promising targeted topical therapy, but it currently
must be compounded and prescribed off-label. The
monitoring needs related to topical use compared
with oral use are unclear at this time.
Another interesting area of research is the use of
cutaneous microbiome “transplants” to treat AD.
Coagulase-negative staphylococcus (CoNS) found
on the skin produces anti-microbial peptides. Patients with AD have CoNS that does not produce
these peptides, and this correlates with staph aureus colonization. Reintroduction of antimicrobial
CoNS strains to human subjects reduced staph aureus colonization.19 A clinical trial of this treatment
approach is underway.
Conclusion

AD is common and impactful. Its comorbidities
extend beyond the “atopic march” and need to be
taken considered when selecting treatment. Dupilumab is the most exciting systemic agent and crisaborole the most intriguing topical, but the pipeline
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is full. Appropriate access to new medications will
require the work of all stakeholders.
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Summary
Amazing progress is being made in the field of cancer and some of that has come
for ovarian cancer. For some women, treatment with PARP inhibitors is allowing
them more time without disease progression thereby enhancing their quality of life.
Like much of oncology, managed care has to confront the high cost of these agents.
Key Points
• PARP is one mechanism by which cells repair defects/mutations.
• Inhibiting PARP prevents repair so that cells die due to accumulated defects.
• Women with BRCA mutations have an increased progression-free survival when
treated with PARP inhibitors.
• These agents are generally well tolerated.

AMAZING PROGRESS IN CANCER TREATment has been made during the past few decades, especially with an improved understanding of the underlying biology of tumor growth. Exhibit 1 shows
the explosion in FDA approvals for ovarian cancer
since 2014. In the United States (U.S.), over 22,000
new cases of ovarian cancer are diagnosed annually
and about 18,000 deaths from this cancer occur.1 In
2015, there were an estimated 224,940 women living with ovarian cancer in the U.S.
Every day, cells in humans experience 10,000 to
30,000 episodes of DNA damage per day during
cell division or as the result of environmental insults. Normal cells are able to repair DNA through
various mechanisms; two mechanisms are breast
cancer (BRCA) one and two and poly (ADP-ribose) polymerase (PARP). Inherited or acquired
deficiencies in genome repair systems contribute
significantly to the onset of cancer.2

BRCA1 and BRCA2 are human genes that produce tumor suppressor proteins. These proteins
help repair damaged DNA and, therefore, play a
role in ensuring the stability of each cell’s genetic
material. When either of these genes is mutated, or
altered, such that its protein product is not made
or does not function correctly, DNA damage may
not be repaired properly. As a result, cells are more
likely to develop additional genetic alterations that
can lead to cancer.
BRCA1/2 mutations are two of the inherited autosomal dominant syndromes that increase risk for
ovarian cancer. One of these two mutations occurs
in 90 percent of families with both breast and ovarian cancer. BRCA1 mutations are more common
and confer higher risk. Approximately 1.3 percent of women in the general population will develop ovarian cancer sometime during their lives.3
By contrast, it is estimated that about 44 percent
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Exhibit 1: FDA-Approved Drugs For Ovarian Cancer

PLD
1999, 2005
Etoposide
1983

Paclitaxel
1992, 1998

Doxorubicin
1959

1960

Melphelan
1964

Carboplatin
1989
1970

1980

Cisplatin
1978

1990

Altretamine
1990

Pembrolizumab
MSI-H/dMMR
2017

Rucaparib 2016

Cb/Gemcitabine
PSOC 2006
2000

Topotecan
1996

Olaparib 2014

2010

2020

Chemotherapy +
Bevacizumab
PROC 2014
Niraparib
Maintenance
2017

MSI-H/dMMR = microsattelite instability/deficient mismatch repair
PSOC = platinum-sensitive ovarian cancer
PROC = platinum-resistant ovarian cancer

of women who inherit a harmful BRCA1 mutation and about 17 percent of women who inherit
a harmful BRCA2 mutation will develop ovarian
cancer by the age of 80.4 Exhibit 2 shows the effect
of BRCA mutations on breast and ovarian cancer
risk. Overall, about 20 percent of ovarian cancer
cases have some mutation of BRCA.
There are several mismatch repair (MMR) gene
mutations which can also increase risk of ovarian
and other cancers. Mismatch repair is another way
cells repair errors and can be targeted with immunotherapy.
In addition to certain genetic mutations, other
risk factors for ovarian cancer include nulliparity,
early menarche, late menopause, ovulatory stimulation, history of breast cancer, and Caucasian race.
Factors that decrease risk include greater than five
years of oral contraceptive use, tubal ligation, and
non-Caucasian race.
For those women with BRCA 1/2 mutations,
breast and ovarian cancer can be prevented. A bilateral prophylactic mastectomy decreases breast
cancer risk by approximately 90 percent.5-7 The rate
of prophylactic mastectomy is about 50 percent of
women with known BRCA 1/2 mutation. The rate
is higher in women with a sister or mother with
breast cancer and less with a sister or mother with

Chemo + Bevacizumab
PSOC 2016

ovarian cancer.8,9 Risk reducing oophorectomy decreases the risk of breast cancer by approximately 50
percent and risk of ovarian cancer by approximately
90 percent.5-7 The rate of prophylactic oophorectomy is 90 percent and is chosen more often in women
with a mother or sister with ovarian cancer.8,9
Ovarian cancer is primarily treated with surgery
and chemotherapy. Patients with a large tumor
burden will typically be given neoadjuvant chemotherapy to shrink the tumor as much as possible before surgery. Otherwise, surgery is performed first
and then chemotherapy is given. In general, the
least amount of chemotherapy to be effective but
still preserve quality of life is given. There are numerous chemotherapy options so that patients can
be treated with several different lines of therapy,
but the response rate with each subsequent line of
therapy declines.
Everyone with ovarian cancer should have genetic testing for BRCA and the other common
mutations. The National Comprehensive Cancer
Network (NCCN) guidelines provide more narrow testing guidelines which primarily focus on
factors that identify risk for having BRCA mutations and not any of the other mutations which
have been identified.10
A major advance in ovarian cancer treatment was
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Exhibit 2: BRCA Mutation Increases Breast and Ovarian Cancer Risks

Risk of Cancer (%)

100

General Population

Up to
87%

BRCA Mutation

80
Up to
50%

60

Up to
44%

40

20
2%
Breast cancer by
age 50

8%

<1%

Breast cancer
by age 70

the development of PARP inhibitors, which block
one mechanism by which cells use to repair damage to their DNA. In women without BRCA mutations, PARP inhibitors may work by keeping cancer
cells from repairing themselves once they have been
damaged by chemotherapy, while sparing healthy
cells. In women with BRCA mutations, since their
tumor cells have problems repairing DNA already,
PARP inhibitors are an additional mechanism for
impeding DNA repair after chemotherapy. With just
chemotherapy, those with BRCA1/2 mutations and
ovarian cancer actually have better five-year overall
survival (OS) than those without these mutations
(44-52% vs 36%).11
Three PARP inhibitors have been approved for
treating ovarian cancer – olaparib (Lynparza®), rucaparib (Rubraca®), and niraparib (Zejula®). All
three are indicated for the maintenance treatment of
adult patients with recurrent epithelial ovarian, fallopian tube, or primary peritoneal cancer, who are
in complete or partial response to platinum-based
chemotherapy. Olaparib and rucaparib are also indicated for the treatment of adult patients with deleterious BRCA mutation (germline and/or somatic)associated epithelial ovarian, fallopian tube, or
primary peritoneal cancer who have been treated
with two or more chemotherapies. Talazoparib is
another PARP inhibitor which has been submitted
to the FDA for priority review for treating BRCAmutated breast cancer in June 2018 and will likely be
approved in the near future.
PARP inhibitors improve progression-free survival (PFS) in women with recurrent platinum-

Ovarian cancer
by age 70

sensitive disease, but they have not yet been shown
to improve OS. For example, olaparib delays disease progression by about 14 months when used
as maintenance therapy after second- or third-line
chemotherapy.12 It appears to work better as maintenance therapy, rather than as treatment combined
with chemotherapy.
PARP inhibitors are well tolerated and do not impair quality of life. Because of the extended PFS,
patients actually have a better QOL when adjusted
for the lack of disease symptoms. The three PARP
inhibitors have not been directly compared to each
other. There are a few differences. Olaparib and rucaparib are dosed twice a day compared with once
a day niraparib. The adverse effects of PARP inhibitors include nausea, vomiting, fatigue, diarrhea,
anemia, thrombocytopenia, myelosuppression, and
myelodysplastic syndrome/acute myeloid leukemia
(1%). Diarrhea is more common with olaparib and
several adverse effects (fatigue, nausea, thrombocytopenia, insomnia, and elevated blood pressure) are
more common with niraparib. Drug interactions are
more common with olaparib.
The cost-effectiveness of PARP maintenance
therapy has been evaluated.13,14 For patients with a
germline BRCA1/2 mutation, maintenance therapy
with olaparib was not cost effective, with an incremental cost-effectiveness ratio (ICER) of $258,864
per progression-free life-year saved.13 To achieve
an ICER of less than $50,000, the cost of olaparib would have to be $2,500 or less per month. For
those without BRCA mutation, maintenance therapy with olaparib was not cost-effective. These agents
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cost approximately $263,000 for a year of therapy.

1999;340(2):77-84.
6. Rebbeck TR, Lynch HT, Neuhausen SL, et al. Prophylactic oophorectomy in

Conclusion

carriers of BRCA1 or BRCA2 mutations. N Engl J Med. 2002;346(21):1616-22.

Ovarian cancer has been termed the silent killer because it is not usually identified until advanced. It
is many times a family curse with inherited genetic
mutations which increase risk. There is now eloquent science which is identifying the underlying
genetic mutations and therapies to target these mutations. Although these agents are very expensive,
they are providing great hope for patients.
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Summary
The biosimilar market in the United States (U.S.) is ready to take off. There are now
10 FDA approved biosimilars with many more to come. Whether the financial payoff
from these lower cost but still expensive agents will occur is yet to be determined.
Key Points
• Biologics are complex drugs that cannot be made “generic.”
• A biosimilar is a biologic demonstrated to be highly similar to a reference product
through appropriate comparative, head-to-head quality, non-clinical and clinical
studies.
• The comparability exercise used to demonstrate that a biosimilar is “highly
similar” to a reference biologic is scientific, robust, and regulated.
• Biosimilar uptake continues to increase in Europe, and no specific safety issues
have been identified for approved and marketed biosimilars.
• Several biosimilars have been approved in the U.S.
• Incorporation of biosimilars into U.S. clinical practice offers opportunity for 		
health care cost savings and increased patient access to biologic therapies.

BIOLOGICS DESCRIBE A WIDE RANGE OF
products derived from living cells, such as vaccines,
blood and blood components and recombinant
therapeutic proteins, that prevent, treat, or cure a
disease.1 Biologics have revolutionized treatment
for many serious conditions over the past 20 years,
including inflammatory bowel disease, rheumatoid
arthritis, lupus, multiple sclerosis, atopic dermatitis,
psoriasis, chronic kidney disease, and cancer.
Global spending on biologics continues to increase and may impact access to treatments.2 Biologics continue to outpace overall pharmaceutical
spending growth and were estimated to represent
19 to 20 percent of global total prescription medicine sales in 2017.3 In 2014, the top pharmaceuticals based on expenditures were infliximab, pegfilgrastim, and epoetin alfa in clinics and infliximab,
rituximab, and pegfilgrastim in hospitals.4 Numerous biologics are coming off patent in the next few
years and thus will be available for copying.

A biosimilar is a biologic that is highly similar to
the reference product with no clinically meaningful differences in terms of the safety, purity, and
potency. The reference or originator biologic is the
originally licensed biologic product used for comparison. A biosimilar is essentially a similar copy
of the originator product. It is important to note
that the originator biologic is itself heterogeneous
and most have changed over time due to manufacturing changes.
Biosimilars are projected to moderate biologic
expenditures and expand patient access to biologics because they are expected to be less expensive
than the originators, similar to the generic market
for small molecule medications. The costs and time
to bring a biosimilar to market at $1 to $2 million
and five to six years are substantially less than the
estimated $1 billion and 10 to 12 years for an originator. Biosimilars are predicted to lead to a $44.2
billion reduction (range $13-$66 billion) in direct
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Exhibit 1: Differences Between Small Molecule Drugs and Biologics10

Small Molecule Drugs

Biologics

Size

Small, low molecular weight

Large, high molecular weight

Structure

Simple, well-defined

Complex, heterogeneous

• Reproductible chemical reactions

• Living cells or organisms

• Identical copies can be made

• Impossible to ensure identical copies

Characterization

Completely characterized

Impossible to fully characterize
molecular composition

Stability

Stable

Unstable, sensitive to external conditions

Immunogenicity

Mostly non-immunogenic

Immunogenic

Manufacturing

Exhibit 2: Reference Biologics and Post-Approval ‘Life Cycle’ Changes11
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spending on biologic drugs by 2024.5
Biosimilars were approved in Europe before the
U.S. because patents are shorter in Europe. As experience with biosimilars has grown in Europe, so has
uptake of biosimilar use. In 2014, biosimilars constituted 27 percent of the short-acting erythropoietin
market and 39 percent of the epoetin alfa market
in Europe. Biosimilars constituted 53 percent of the
daily granulocyte colony-stimulating factor (GCSF) market and 69 percent of the filgrastim market.
Biosimilar G-CSFs in Europe have increased access
to care and decreased costs. Use volume increased

13 percent from 2010 to 2013, but costs declined
5 percent. Forecast cost savings from biosimilars in
eight European Union countries predict savings of
€11.8 to 33.4 billion by 2020.6 Safety and efficacy of
approved and marketed biosimilars has been consistent with experience with the reference biologics,
with no specific safety issues identified.7-9
Biologics are very different from traditional small
molecule drugs (Exhibit 1).10 Thus, replicating them
is a difficult process. Unlike producing small molecule drugs, the manufacturing process for biologics
is very complex. Because of high production costs,
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Exhibit 3: FDA Specifications for Biosimilars versus Reference Biologic14

Biosimilar Product Specification

Comparison with Reference

Formulation

May be different

Delivery device/container

May be different

Routes of administration

May obtain licensure for fewer than all routes of administration for
which reference product is licensed

Conditions of use

May obtain licensure for fewer than all conditions of use for which
reference product is licensed

Strength

Must be the same

similar percentage savings cannot be achieved with
biosimilars as with generic small molecule drugs.
Another important aspect of biologic replication
is that the reference biologic manufacturing process
has almost always undergone changes since initial approval (Exhibit 2).11 Small modifications may result in
gradual changes in the products. Despite these differences, when the products are within a pre-specified
acceptable range, the products are marketed with no
change in label.12 If large alterations occur, analytical
studies (and possibly additional clinical studies) are
required to compare the post-change product with
the existing pre-change product. Thus, currently
available reference biologic products are not identical,
but they are similar to the products which were used
in the original approval trials. Essentially, the currently marketed reference biologic products, which
have undergone manufacturing process changes, are
biosimilars of the originals.
Two other types of products have to be distinguished from biosimilars. Intended copies of biological products (“me-too biologics”) are copies of
already licensed biological products that have not
met the regulatory criteria for biosimilars. Because
regulatory requirements vary in different parts of
the world, me-too biologics are available in India,
China, Mexico, and Russia.13 Biobetter products are
biologics that have been structurally and/or functionally altered to achieve an improved or different
clinical performance. These must go through the
full drug development and approval process.
Importantly, biosimilars are not generics of existing biologics. Traditional generic drugs are exact
copies of existing drugs. However, biosimilars are
much bigger than a typical generic copy of a small
molecule. Biologics are also made up of amino acids,
which form unique folds and glycosylation patterns

may also vary. Therefore, they are much more complex. Combined with the complicated manufacturing
process, an exact copy of a biologic cannot be made.
Exhibit 3 details the FDA specifications for biosimilars compared to reference biologics.14 In demonstrating biosimilarity, the clinical efficacy and
safety of the biologic molecule has already been
demonstrated (i.e., by the originator). The biosimilar sponsor only has to produce evidence that
the candidate biosimilar is not significantly different from the reference product. The goal is not to
replicate unnecessary clinical trials but to complete
smaller-scale direct comparisons and extrapolation.
When a biosimilar is approved, there should not
be an expectation that there will be differences in
safety and efficacy. Exhibit 4 shows the differences
between biologic and small molecule approval pathways within the FDA.
Structural and functional characterization of a biosimilar under development are the most important
in ensuring similarity with the originator product.14
Structural analyses include primary structures (amino acid sequence), higher order structures (including
aggregation), enzymatic post-translational modifications (such as glycosylation and phosphorylation),
and other variations or modifications. So called “fingerprint” analysis test for physicochemical properties, including primary sequence, impurities, peptide
mapping, higher order structures, and glycoforms.
Analytic comparisons for a biosimilar are likely to be
more extensive and comprehensive than those made
for reference biologics after a manufacturing change.
Functional assays include in vitro biological assays,
including receptor binding assays, effector function,
cytotoxicity, signal transduction, and enzyme kinetics and in vivo in animal models of disease. If extensive structural and functional comparability assess-
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Exhibit 4: Pathways for FDA Approval in the United States
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ment does not reveal significant differences between
a biosimilar and the reference biologic, it is highly
unlikely that trials in patients would uncover any
difference in safety and efficacy.15,16
Animal toxicity studies are useful when uncertainties remain about the safety of the proposed biosimilar prior to initiating clinical studies.14 Animal
pharmacokinetic measures and immunogenicity assessments may be useful in certain circumstances.
Clinical studies are then conducted with a proposed biosimilar. Clinical studies of biosimilars are
designed to establish statistical evidence that the
proposed product is neither inferior to the reference
product by more than a specified margin nor superior to the reference product by more than a specified margin.14 Endpoints and study populations are
selected that will be clinically relevant and sensitive
in detecting clinically meaningful differences
Immunogenicity is a concern for all biologics, not
just biosimilars. Consequences of immunogenicity include loss of efficacy through neutralization of
the administered biologic agent and general immune
responses (i.e., allergy, anaphylaxis).9 FDA guidance
regarding immunogenicity assessment recommends
a comparative parallel design (head-to-head study).14
Extrapolation of indications using data from a
clinical trial of a biosimilar conducted in one disease to support approval for additional indications

Biosimilar Biologics
License Application
351(k)

for which the reference product is already licensed
is done for biosimilars. Factors to be considered in
extrapolation of indications include clinical experience with the reference product, mechanism(s) of
action in each indication, target receptors, product
structure and target/receptor interactions, pharmacokinetics, and bio-distribution in different patient
populations and differences in the safety/immunogenicity profile between indications.16 Extrapolation is foundational for the cost savings potential of
biosimilars. The potential of biosimilars for patients,
payers and providers depends upon a streamlined approval process that builds on the established clinical
profile of the reference biologic. Through extrapolation, a biosimilar may be licensed for multiple indications of a reference biologic, while potentially
avoiding unnecessary clinical studies that may be
burdensome, reducing development costs, thereby
making effective medicines potentially more accessible to patients, and enabling resource re-allocation
to other areas of medicine, such as research in understudied conditions. There is more than a decade
of experience with biosimilars outside the U.S., including experience with extrapolated indications.
Postmarketing pharmacovigilance is important
to ensure the safety of biologics and biosimilars.
Population-based assessments give larger number
of exposures to identify rare safety concerns which
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Exhibit 5: U.S. Approved Biosimilars

Date of Biosimilar FDA Approval

Biosimilar Product

Originator Product

March 2015

filgrastim-sndz/Zarxio

filgrastim/Neupogen

April 2016

infliximab-dyyb/Inflectra

infliximab/Remicade

August 2016

etanercept-szzs/Erelzi

etanercept/Enbrel

September 2016

adalimumab-atta/Amjevita

adalimumab/Humira

April 2017

infliximab-adba/Renflexis

infliximab/Remicade

August 2017

adalimumab-adbm/Cyltezo

adalimumab/Humira

September 2017

bevacizumab-awwb/Mvasi

bevacizumab/Avastin

December 2017

trastuzumab-dkst/Ogivri

trastuzumab/Herceptin

December 2017

infliximab-qbtx/Ixifi

infliximab/Remicade

May 2018

epoetin alfa-epbx/Retacrit

epoetin alfa/Epogen/Procrit

may not be evident in the smaller premarketing trials. Postmarketing surveillance may be mandatory
for biosimilar products. FDA guidance recommends
biosimilar manufacturers work with the FDA early
to discuss their approach to surveillance.
Interchangeability among biosimilars for a given product is still unresolved. Per the FDA, interchangeable or interchangeability means the biological product is biosimilar to the reference product,
and it can be expected to produce the same clinical
result as the reference product in any given patient.
Additionally, for a product that is administered more
than once to an individual, the risk in terms of safety
or diminished efficacy of alternating or switching
between use of the product and its reference product
is not greater than the risk of using the reference
product without such alteration or switch.
Interchangeable is an FDA designation. Any biological product under consideration for substitution
must first be approved as “interchangeable” by the
FDA. A product with an interchangeable designation may be substituted for the reference product
without the intervention of the health care provider
who prescribed the reference product. However,
FDA approval requirements for interchangeable designation and trial design for testing related to biosimilars are not finalized. Additionally, state substitution laws will impact practice. The designation of
“interchangeability” requires higher standards than
“biosimilarity” alone. At this time, none of the FDA
approved biosimilars are interchangeable with the
originator products.
Many states have considered legislation establishing standards for substitution of a biosimilar product
to replace the reference biologic. Such legislation
may include the following features: Any substituted

biosimilar must first be designated “interchangeable” by the FDA, the prescriber would be able to
prevent substitution by stating “dispense as written,”
the prescriber must be notified of any substitution
made by the pharmacy, and there are requirements
for pharmacy record keeping when a biosimilar is
substituted for a reference product. As of April 2017,
27 states and Puerto Rico have enacted laws concerning biosimilars and biosimilar substitution.
Naming biosimilars is another issue. One viewpoint on naming is that biosimilars should have the
same exact nonproprietary name as their respective
reference. This naming convention would communicate that these products are “highly similar” and
facilitate adoption and substitution of interchangeable biologics, but it would be hard to trace the exact
involved product for rare adverse events. The other
viewpoint is that biosimilars should each have a distinct nonproprietary name to distinguish them from
the originator and other biosimilars. This would
lead to improved pharmacovigilance and recognize
that these are distinct products. Unfortunately, it
may also lead to confusion about whether they are
“highly similar”, may impede adoption, and may
make substitution more difficult.17,18
The FDA designates a nonproprietary name for
a biosimilar that includes a suffix composed of four
lowercase letters. This naming convention is applicable to biological products previously licensed and
newly licensed under section 351(a) of the PHS Act
or 351(k) of the PHS Act. The FDA is seeking comment on whether the nonproprietary name for an
interchangeable product should include a unique
suffix, or should share the same suffix as its reference product. The goal of this naming convention
is to help minimize inadvertent substitution. Inad-
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vertent substitution may lead to unintended alternating or switching of biological products that have
not been determined by FDA to be interchangeable.
This naming convention may also facilitate pharmacovigilance for multiple biological products containing related drug substances when other means
to track a specific dispensed product are not readily
accessible.
Exhibit 5 lists the currently FDA approved biosimilars. Epoetin alfa-epbx (Retacrit®) is the most
recently approved biosimilar. It is approved for the
treatment of anemia caused by chronic kidney disease, chemotherapy, or use of zidovudine in patients
with HIV infection, and it is also for use before and
after surgery to reduce the chance that red blood
cell transfusions will be needed because of blood loss
during surgery.
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Summary
There are several strategies to improve patient outcomes in multiple sclerosis (MS).
The first is to prescribe disease-modifying therapy and ensure the patient is adherent with the therapy. Disease-modifying therapy comes in various dosage forms
which can be chosen to enhance adherence. Appropriate monitoring with MRI is
another way to enhance outcomes.
Key Points
• The FDA approved MS medications have been shown to improve relapse rates,
slow disability progression, and reduce CNS lesions in relapsing/remitting MS.
• The medication chosen should be tailored to patient factors and their ability to
adhere with therapy.
• MRI is used to monitor efficacy and adverse effects of DMT.

MULTIPLE SCLEROSIS (MS), AN AUTOIMmune disorder, is an idiopathic inflammatory demyelinating disease of the central nervous system
(CNS). It is characterized by episodes of neurologic
dysfunction disseminated in time and space and is
the most common cause of non-traumatic neurologic disability in young adults. MS affects 2.5 million
people worldwide, with over 450,000 cases in the
United States (U.S.). The female to male ratio of 3:1
and the age of onset varies, but the mean age is 29.
Several subtypes of MS are recognized. Clinically
isolated syndrome (CIS) is the first MS attack. Radiologically isolated syndrome (RIS) is characterized by incidental brain MRI findings highly suggestive of multiple sclerosis in the absence of signs or
symptoms of the disease. Eighty-five percent of MS
cases present as relapsing-remitting MS (RRMS),
which is characterized by episodes of relapse. Without treatment, attacks or relapses tend to occur every 12 to 18 months. Again without treatment, 50

percent of patients with RRMS develop secondaryprogressive MS (SPMS) within 10 years. SPMS is
when an initial relapsing patient transitions to a slow
worsening disease. Ninety percent of patients with
RRMS will eventually develop progressive MS.
Approximately 10 to 15 percent of patients with MS
will have primary-progressive MS. These patients
have a slow worsening (typically in gait) from onset.
Primary- progressive has about equal gender onset
and a decade later age of onset. Additionally, these
patients may have superimposed relapses. Overall,
MS results in significant disability, if not treated.
At this time, clinical factors at onset and during
the early course of the disease are the most helpful
in determining prognosis. Efforts are being made
to supplement this with imaging data, biomarkers,
genetic factors, and environmental factors. Several
studies suggest more aggressive disease in African
Americans. Some studies suggest a worse prognosis for males, but this is not supported in multivari-
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Exhibit 1: Treatment of MS

Self-Injection
-5 Beta-interferons
		 • IFN beta 1-b SC every other day (two brands)
		 • IFN beta 1-a IM weekly
		 • IFN beta 1-a (pegylated) SC every 14 days
		 • IFN beta 1-a SC three times per week
-Glatiramer acetate
		 • 20 mg SC daily (Copaxone , generic)
		 • 40 mg SC TIW (Copaxone, generic)
-Daclizumab HYP 150 mg SC monthly (3rd line)
Oral
Fingolimod 0.5 mg daily
Dimethyl fumarate 240 mg BID
Teriflunomide 7 or 14 mg daily
Intravenous
Natalizumab 300 mg every 28 days
Alemtuzumab 12 mg daily for 5 days; repeat 3 day cycle after 1 year (3rd line)
Ocrelizumab 600 mg every 6 months
Mitoxantrone (rarely used)

ate analysis. Younger age at onset (i.e., childhood
onset) is associated with longer time to disability
landmarks, but these patients still reach levels of significant disability at an early age. Other unfavorable prognostic factors include progressive onset (vs.
relapse onset), incomplete recovery from the initial
attack, short interval to second attack, higher number of relapses during the early years of disease, and
cerebellar, motor or sphincter initial symptoms.
Standard treatment outcomes in MS are to reduce
relapses and extend time between relapses, reduce
severity of relapses, prevent or extend time to disability milestones, prevent or extend time to onset
of SPMS, prevent or reduce the number and size
of new and enhancing lesions on MRI, limiting
brain atrophy, and limit overall MRI lesion burden in the CNS. A newer treatment outcome is no
evidence of disease activity (NEDA). Overall, MS
treatment includes disease modification, treatment
of relapses, symptom management, rehabilitation
to maintain or improve function, and psychosocial
support. MS disease modification is accomplished
with disease- modifying treatment (DMT) which
are self-injectable, orals, and intravenous agents
which have been shown to improve relapse rates,
slow disability progression, and reduce CNS lesions
in RRMS (Exhibit 1).
Each class of DMT has a different mechanism
of action, but they all target the immune system.
For example, the interferons appear to work at the
blood-brain barrier to prevent inflammatory cells
from entering the CNS and reduce levels of inflammatory cytokines. Fingolimod prevents white blood

cells from leaving the lymph nodes. Alemtuzumab,
an anti-CD52 antibody, has a unique dosing schedule in that infusions are given daily for five days and
then repeated as a three-day cycle one year later. It
is a profound inhibitor of white blood and B cells.
Injection site reactions, flu-like symptoms, and
liver toxicity are the most common adverse effects
with the interferons. Injection site reactions occur
with glatiramer, but the flu-like symptoms do not.
Daclizumab, which is labeled for third-line use, is not
frequently used because of potential adverse effects.
Most patients taking fingolimod will have very low
white blood cell counts, but major infections have
not been a problem. Progressive multifocal leukoencephalopathy (PML) is a potential adverse effect associated with natalizumab and possibly some of the
other agents, including fingolimod.
There are a few controversies in MS treatment.
Several of the newer agents are not yet approved for
first-line treatment, but some clinicians are interested in trying them earlier and they will likely be
moved to earlier lines of treatment. Treatment of the
first episode of MS symptoms (CIS) is debated. Interferon and glatiramer have FDA approvals for CIS
treatment. Formulary restrictions can be an obstacle
for optimal treatment.
Induction (rapidly suppressing the immune system) and escalation (starting with one agent and
moving on if the patient does not respond) are two
options for MS DMT. Induction with mitoxantrone or natalizumab, immunosuppressants with
potentially serious side effects, is usually reserved
for patients with very active and aggressive disease.
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Exhibit 2: Markers of Aggressive RRMS Suitable for an Induction Strategy1

Pure RRMS
Age < 40 years
Highly active disease with > 2 relapses within the previous 12 months
Severe relapse resulting in EDSS score > 4
Worsening disability score due to relapses (increase of 2 or more points within the previous 12 months)
Two or more additional active (Gd+) lesions on recent T2 MRI
RRMS = relapsing remitting multiple sclerosis
EDSS = Expanded Disability Status Scale
Gd+ = Gadolinium enhancing

Exhibit 3: Reasons for Switching DMT3

• Intolerable side effects
		 - Injection site reactions
		 - Persistent flu-like symptoms, headache, nausea
		 - Significant and persistent elevated LFTs, low WBC
• Detection of antibodies
		 - JCV antibodies for natalizumab use
		 - Persistent neutralizing antibodies for natalizumab and interferon
• Unacceptable breakthrough activity
		 - Relapses, disability, cognitive status, transition to progressive disease
		 - New MRI abnormalities in brain, spinal cord
LFT = liver function test
WBC = white blood cell count
JCV = John Cunningham virus
MRI = magnetic resonance imaging

Treating those with very active and aggressive disease acknowledges that these people have high risk
of early disability and once neurological function is
lost, it cannot be regained. In the setting of aggressive disease, disease-inherent risk outweighs that
associated with the use of powerful immunosuppressants. With induction, the immunosuppressants
are used for the minimum amount of time needed.
Once the disease is controlled, treatment can be
switched to maintenance therapy with a better tolerated, safer drug. Criteria for selecting patients for
induction are given in Exhibit 2.1
Natalizumab has been compared to placebo for induction. It did reduce the cumulative probability of
relapse over two years by 81 percent (0.28 vs. 1.46,
p<0.0001).2 An issue with natalizumab induction
is there is no residual impact after withdrawal and
many times patients will have a rebound of disease
activity, which is worse than they had previously.
With escalation, treatment starts with safer drugs
and only moves on to more aggressive ones if the

ongoing treatment is inadequate. Glatiramer acetate
and interferon beta have been regarded as first-line
drugs, others as second- or third-line. This is changing with the addition of fingolimod and ocrelizumab to the list of approved agents. Key to success is to
define upfront with the patient the exact suboptimal
response threshold at which the next-level therapeutic option should be introduced. The decision to
adopt a second-line therapy in patients who respond
poorly to first-line therapy should not be delayed
until severe and irreversible disability has set in. Exhibit 3 presents some reasons for switching DMTs.3
DMT can be costly in terms of acquisition costs.
First-generation DMTs, originally costing $8,000
to $10,000, now cost $60,000 per year. Costs have
increased annually at rates five to seven times higher than overall prescription drug inflation. Newer
DMTs commonly entered the market with a cost
25 to 60 percent higher than existing DMTs. DMT
costs in the U.S. are two to three times higher than
in other comparable countries.4 The cost of these
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agents must be weighed against the cost of irreversible disability in the untreated or inadequately
treated patient.
Health insurance affects the use of DMT in MS. A
North American Research Committee on Multiple
Sclerosis (NARCOMS) survey regarding health insurance coverage found that 98.5 percent of those
surveyed had health coverage, but 22.1 percent reported a negative insurance change in the past year.5
Among those not taking a DMT, 6.1 percent cited
an insurance or financial issue as the only cause.
Twenty-five percent on DMT relied on support
from free or discounted drug programs. For those
with RRMS, a negative insurance change increased
their odds of not taking DMT (OR 1.5) and using
free/discounted programs to get DMT (OR 1.89).
Adherence with DMT is important and can be a
difficult issue. A retrospective cohort study using
claims data found that the patients with MS more
likely to be adherent were those older than 45 years
of age or were male.6 Patients less likely to be adherent were those with depression or ongoing injectable site reactions with self-injection.
Auto-injectors for the self-injected DMT are one
possible way to improve adherence. Auto-injectors
are preferred by patients and may improve adherence;
however, data are limited.7-10 Auto-injectors definitely have some advantages; they decrease pre-shot
anxiety, improve autonomy, cause less injection site
reactions, and are easier to use. It is also easier to individualize injection depth for different injection locations. Electronic auto-injectors include online tracking of doses and the ability to alter injection speed.
Oral DMT use also appears to improve adherence compared with other therapy but, again, data
are limited. Some studies have found improved adherence with fingolimod compared with self-injection and natalizumab.11,12 Oral DMT therapy may
be easier for patients to be adherent with but the
efficacy in reducing relapse rate may not be as good
as the intravenous agents. Some trials have shown
fingolimod to be equivalent to or more efficacious
than the self-injected DMT. Dimethyl fumarate
and teriflunomide do appear to be less efficacious
compared to other therapies.
Intravenous MS therapies may have some advantages over oral and self-injected agents. Advantages
include infrequent dosing, high efficacy rates, and
high rates of adherence. There are no direct comparative data for natalizumab with the other agents,
but it is considered by most MS experts to be highly
efficacious. Alemtuzumab showed significant advantage over interferon beta-1a in Phase II and III
trials. Ocrelizumab also showed benefit over interferon beta-1a. There are also disadvantages of intra-

venous DMT. These agents can cause serious adverse
effects, including PML, heart failure, autoimmune
disease, and cancer. They are also more costly and
patients have to get to an infusion center to receive
the medication. Patients can get injection and infusion fatigue, which can lead to nonadherence.
Another aspect of enhancing outcomes is appropriately monitoring therapy. Consensus evidencebased guidelines provide recommendations on
using MRI for establishing diagnosis and monitoring.13,14 Regular brain MRI scans are essential for
monitoring disease progression. Follow-up scans
should be conducted at least annually and as often as every three to four months in patients who
require enhanced pharmacovigilance. In the otherwise clinically stable patient, an MRI every two
years may be sufficient.
MRI is also used to determine adverse effects of
DMT by screening for opportunistic infections, unexpected disease activity (including paradoxical reactions), and comorbidities. For natalizumab-treated
patients with MS who are at high risk of PML (JCV
seropositive, treatment duration ≥18 months), brain
MRI screening every three to four months is recommended. In patients at low risk of PML (JCV seronegative), brain MRI assessment is recommended
once a year. In patients at high risk of developing opportunistic infections who are switching DMT, the
guidelines recommend brain MRI at the time that the
current treatment is discontinued and after the new
treatment is started. Enhanced pharmacovigilance,
including brain MRI every three to four months for
up to 12 months, is required in patients who switch
from natalizumab to other therapeutics, including
fingolimod, alemtuzumab and dimethyl fumarate.
Conclusion

There are now many different FDA approved MS
medications that have been shown to improve relapse rates, slow disability progression, and reduce
CNS lesions in relapsing-remitting MS. Clinicians
should consider disease factors and patient factors
when choosing a therapy and should monitor the efficacy and safety of the prescribed therapy according
to expert guidelines. The only effective therapy for
RRMS is the one which the patient actually takes.
George J. Hutton, MD, is a Professor of Neurology at the Baylor College of Medicine in Houston, TX.

References
1. Edan G, Le Page E. Induction therapy for patients with multiple sclerosis:
why? When? How? CNS Drugs. 2013;27(6):403-9.
2. Hutchinson M, Kappos L, Calabresi PA, et al. The efficacy of natalizumab in
patients with relapsing multiple sclerosis: subgroup analyses of AFFIRM and

www.namcp.org | Vol. 21, No. 3 | Journal of Managed Care Medicine 33

SENTINEL. J Neurol. 2009;256(3):405-15.

tient. 2016;9(4):281-92.

3. Coyle PK. Switching therapies in multiple sclerosis. CNS Drugs.

10. Verdun di Cantogno E, Russell S, Snow T. Understanding and meeting in-

2013;27(4):239-47.

jection device needs in multiple sclerosis: a survey of patient attitude and prac-

4. Hartung DM, Bourdette DN, Ahmed SM, Whitham RH.The cost of mul-

tices. Patient Prefer Adherence. 2011;5:173-80.

tiple sclerosis drugs in the US and the pharmaceutical industry: Too big to fail?

11. Halpern R, Wolbeck R, Blauer-Peterson C, et al. Adherence to glatiramer

Neurology. 2015;84(21):2185-92.

acetate 40 mg versus oral disease-modifying therapies for multiple sclerosis.

5. Wang G, Marrie RA, Salter AR, et al. Health insurance affects the use of

Value Health. 2015;18(7):A766.
12. Bergvall N, Petrilla AA, Karkare SU, et al. Persistence with and adherence

6. Higuera L, Carlin CS, Anderson S. Adherence to Disease-Modifying Thera-

to fingolimod compared with other disease-modifying therapies for the treat-

pies for Multiple Sclerosis. J Manag Care Spec Pharm. 2016;22(12):1394-401.

ment of multiple sclerosis: a retrospective US claims database analysis. J Med

7. Barone DA, Singer BA, Merkov L, et al. Survey of US patients with multiple

Econ. 2014;17(10):696-707.

sclerosis: comparison of the new electronic interferon beta-1b autoinjector (BETA-

13. Wattjes MP, Rovira À, Miller D, et al. Evidence-based guidelines: MAG-

CONNECT™) with mechanical autoinjectors. Neurol Ther. 2016;5(2):155-67.

NIMS consensus guidelines on the use of MRI in multiple sclerosis--establishing

8. Ziemssen T, Sylvester L, Rametta M, Ross AP. Patient satisfaction with the

disease prognosis and monitoring patients. Nat Rev Neurol. 2015;11(10):597-606.

new interferon beta-1b autoinjector (BETACONNECT™). Neurol Ther.

14. Traboulsee A, Simon JH, Stone L, et al. Revised recommendations of the

2015;4(2):125-36.

Consortium of MS Centers Task Force for a standardized MRI protocol and

9. Ridyard CH, Dawoud DM, Tuersley LV, Hughes DA. A systematic review on

clinical guidelines for the diagnosis and follow-up of multiple sclerosis. AJNR

INVASIVE

GENETIC

RESEARCH

council

DIAGNOSIS Lung prognosis

Lump

resuscitate

test

scan

PALLIATIVE

culture disease practitioner

DNA Radiotherapy

MRI

Body

histology

oncology

healthcare

LOSS

QUALITY

Lab

CT

Am J Neuroradiol. 2016;37(3):394-401.

MALIGNANCY

patients’ perspectives on the subcutaneous route of medication adherence. Pa-

treatment

disease-modifying therapy in multiple sclerosis. Neurology. 2016;87(4):365-74.

Joinprogression
the NAMCP Oncology Council & our quest to
cancer
provide
informative resources for Medical
Directors from Purchasers, Health Plans and
Provider Systems. We compile the data, you
learn the trends.
www.namcp.org

34 Journal of Managed Care Medicine | Vol. 21, No. 3 | www.namcp.org

804.527.1905

For the treatment of mild-to-moderate plaque psoriasis in patients 18 years of age or older

SHOW YOUR UNEXPECTED
SPRAY ON A FORMULATION WITH HIGH PENETRATION
a
& LOW SYSTEMIC ABSORPTION

SERNIVO® (betamethasone dipropionate) Spray, 0.05% is a novel,
lotion-like spray formulated to stay local in the epidermis and dermis,
with low systemic absorption.1,2
Signiﬁcantly more patients using SERNIVO achieved treatment
success versus vehicle at Day 15 (20.3% vs 5%; p<0.001) and Day 29
(38.7% vs 12.6%; p<0.001 [N=538]).3,b
• After 4 days of treatment, patient-reported itching decreased
by approximately 50%3,c
Eﬀective on hard-to-reach plaques on the back, in addition to
hard-to-treat elbows and knees3 and hairy areas.
• Nearly 75% of plaques on elbows and knees were clear or
almost clear of redness and scaling after 29 days of treatment5
With the SERNIVO Patient Savings Program,
eligible patients can save on their prescription.d

SPRAY ON
SERNIVO

Of several prototype formulations tested in vitro, SERNIVO provided the best balance of high penetration/permeation and low absorption.1
Pooled data from 2 clinical studies of 538 patients with mild-to-moderate plaque psoriasis. In clinical studies, treatment success was deﬁned as an IGA of 0 or 1 (clear or almost clear) and at least a 2-grade
reduction from baseline. Patients in clinical studies were adults (18 years and older) and had plaque psoriasis on 10% to 20% of their body surface area (BSA).3
c
Itching was assessed proactively using Fisher’s exact test, with subjects asked if they were experiencing itching (yes/no) at each visit (Days 4, 8, 15, and 29) or had experienced itching since their last visit.4
d
Visit SERNIVO.com for terms and conditions and full eligibility requirements.
a

b

IMPORTANT SAFETY INFORMATION

SERNIVO Spray can produce reversible hypothalamic-pituitary-adrenal
(HPA) axis suppression with the potential for glucocorticosteroid
insuﬃciency. Systemic eﬀects of topical corticosteroids may also
manifest as Cushing’s syndrome, hyperglycemia or unmasking of latent
diabetes mellitus, and glucosuria. These events are rare and generally
occur after prolonged exposure to larger than recommended doses,
particularly with high-potency topical corticosteroids. Do not use if
atrophy is present at the treatment site. Do not use with occlusive
dressings. Avoid use on the face, scalp, axilla, groin or other intertriginous
areas. Use of SERNIVO Spray is not recommended in pediatric patients
as they are more susceptible to systemic toxicity. Allergic contact
dermatitis may occur. The most common adverse reactions (≥1%) were
application site pruritus, burning and/or stinging, pain, and atrophy. Local
reactions and skin atrophy are more likely to occur with occlusive use,

prolonged use, or use of higher potency corticosteroids. These are not all
the possible side eﬀects of SERNIVO Spray.
To report SUSPECTED SIDE EFFECTS, call Promius Pharma at
1-888-966-8766 or contact the FDA at 1-800-FDA-1088.
References: 1. Kircik L, Okumu F, Kandavilli S. Permeation analysis of novel steroid
vehicle to deliver and retain steroid in layers of skin associated with psoriasis. Poster
presented at Winter Clinical, Koloa, HI, January 15-20, 2016. 2. SERNIVO Prescribing
Information. Promius Pharma, LLC. Princeton, NJ. February 2016. 3. Gold LS, Jackson JM,
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5. Kircik L, Bagel J. DFD-01, a novel emollient spray formulation of 0.05% betamethasone
dipropionate, eﬀectively treats plaque psoriasis on knees and elbows. Poster presented at
Winter Clinical, Koloa, HI, January 15-20, 2016.
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Brief Summary of Prescribing Information on adjacent page.
SERNIVO is a registered trademark of Promius Pharma, LLC.
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Minimize the unwanted risks from endocrine
effects by mitigating the risk factors favoring
increased systemic bioavailability and by using
the product as recommended [see Dosage
and Administration].
Rx Only
BRIEF SUMMARY OF PRESCRIBING
INFORMATION
INDICATIONS AND USAGE
SERNIVO Spray is indicated for the treatment
of mild to moderate plaque psoriasis in
patients 18 years of age or older.
DOSAGE AND ADMINISTRATION
Apply SERNIVO Spray to the affected skin
areas twice daily and rub in gently.
Use SERNIVO Spray for up to 4 weeks of
treatment. Treatment beyond 4 weeks is
not recommended.
Avoid use on the face, scalp, axilla, groin, or
other intertriginous areas.
SERNIVO Spray is for topical use only. It is not
for oral, ophthalmic, or intravaginal use.
CONTRAINDICATIONS
None.
WARNINGS AND PRECAUTIONS
Hypothalamic-Pituitary-Adrenal (HPA) Axis
Suppression and Other Unwanted Systemic
Glucocorticoid Effects
SERNIVO Spray can produce reversible
hypothalamic-pituitary-adrenal (HPA)
axis suppression with the potential for
glucocorticosteroid insufficiency. This may
occur during or after withdrawal of treatment.
Factors that predispose to HPA axis
suppression include the use of high-potency
corticosteroids, large treatment surface areas,
prolonged use, use of occlusive dressings,
altered skin barrier, liver failure, and young age.
Evaluation for HPA axis suppression may
be done by using the adrenocorticotropic
hormone (ACTH) stimulation test.
In a study including 48 evaluable subjects 18
years of age or older with moderate to severe
plaque psoriasis, abnormal ACTH stimulation
test results suggestive of adrenal suppression
were identified in 5 out of 24 (20.8%) subjects
after treatment with SERNIVO Spray twice
daily for 15 days. No subject (0 out of 24) had
abnormal ACTH stimulation test results after
treatment with SERNIVO Spray twice daily for
29 days [see Clinical Pharmacology].
If HPA axis suppression is documented,
gradually withdraw the drug, reduce the
frequency of application, or substitute with
a less potent corticosteroid. If signs and
symptoms of steroid withdrawal occur,
supplemental systemic corticosteroids may
be required.
Systemic effects of topical corticosteroids
may also manifest as Cushing’s syndrome,
hyperglycemia, and glucosuria. These events
are rare and generally occur after prolonged
exposure to larger than recommended
doses, particularly with high-potency topical
corticosteroids.

Pediatric patients may be more susceptible
to systemic toxicity due to their larger skin
surface to body mass ratios. Use of SERNIVO
Spray is not recommended in pediatric
patients [see Use in Specific Populations].
Allergic Contact Dermatitis
Allergic contact dermatitis with corticosteroids
is usually diagnosed by observing failure to
heal rather than noting a clinical exacerbation.
Corroborate such an observation with
appropriate diagnostic patch testing. If irritation
develops, discontinue the topical corticosteroid
and institute appropriate therapy.
ADVERSE REACTIONS
Clinical Trials Experience
Because clinical trials are conducted under
widely varying conditions, adverse reaction
rates observed in the clinical trials of a drug
cannot be directly compared to rates in the
clinical trials of another drug and may not
reflect the rates observed in clinical practice.
In two randomized, multicenter, prospective
vehicle-controlled clinical trials, subjects with
moderate plaque psoriasis of the body applied
SERNIVO Spray or vehicle spray twice daily
for 4 weeks. A total of 352 subjects applied
SERNIVO Spray and 180 subjects applied
vehicle spray.
Adverse reactions that occurred in at least 1%
of subjects treated with SERNIVO Spray for
up to 28 days are presented in Table 1.
Table 1: Adverse Reactions Occurring in ≥1%
of Subjects Treated with SERNIVO Spray for
up to Four Weeks
SERNIVO
Spray b.i.d.
(N=352)

Vehicle
Spray b.i.d
(N=180)

Application site
pruritus

6.0%

9.4%

Application site
burning and/or
stinging

4.5%

10.0%

Application site pain

2.3%

3.9%

Application site
atrophy

1.1%

1.7%

Less common adverse reactions (with
occurrence lower than 1% but higher than
0.1%) in subjects treated with SERNIVO spray
were application site reactions including
telangiectasia, dermatitis, discoloration,
folliculitis and skin rash, in addition to
dysgeusia and hyperglycemia. These adverse
reactions were not observed in subjects
treated with vehicle.
Postmarketing Experience
Because adverse reactions are reported
voluntarily from a population of uncertain
size, it is not always possible to reliably
estimate their frequency or establish a causal
relationship to drug exposure.

Postmarketing reports for local adverse
reactions to topical corticosteroids have
also included striae, irritation, dryness,
acneiform eruptions, hypopigmentation,
perioral dermatitis, allergic contact dermatitis,
secondary infection, hypertrichosis, and miliaria.
USE IN SPECIFIC POPULATIONS
Pregnancy
Pregnancy Category C
There are no adequate and well-controlled
studies in pregnant women. SERNIVO Spray
should be used during pregnancy only if the
potential benefit justifies the potential risk to
the fetus.
Betamethasone dipropionate has been shown
to be teratogenic in rabbits when given by the
intramuscular route at doses of 0.05 mg/kg.
The abnormalities observed included umbilical
hernias, cephalocele, and cleft palate.
Nursing Mothers
Systemically administered corticosteroids
appear in human milk and can suppress growth,
interfere with endogenous corticosteroid
production, or cause other untoward effects. It
is not known whether topical administration of
corticosteroids can result in sufficient systemic
absorption to produce detectable quantities in
human milk. Because many drugs are excreted
in human milk, caution should be exercised
when SERNIVO Spray is administered to a
nursing woman.
Pediatric Use
Safety and effectiveness of SERNIVO Spray
in patients younger than 18 years of age have
not been studied; therefore use in pediatric
patients is not recommended. Because of
a higher ratio of skin surface area to body
mass, pediatric patients are at greater risk
of systemic toxicity, including HPA axis
suppression and adrenal insufficiency, when
treated with topical drugs. [see Warnings
and Precautions]
Rare systemic effects such as Cushing’s
syndrome, linear growth retardation, delayed
weight gain, and intracranial hypertension have
been reported in pediatric patients, especially
those with prolonged exposure to large doses
of high potency topical corticosteroids.
Local adverse reactions including skin atrophy
have also been reported with use of topical
corticosteroids in pediatric patients.
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Summary
Heart failure is a common and costly syndrome but it can be prevented with appropriate management of those with risk factors. Treatment of symptomatic HF
patients requires multiple medications and a team approach. Targeting quality of
life is especially important in the later stages of the disease because of the very high
mortality rate.
Key Points
• The optimal regimen for Stage C and D HF is triple therapy with an ACE-I, ARB,
or ARB/NEPi; beta-blocker; and aldosterone antagonist.
• Sodium and fluid restriction are important management tools.
• Data supporting the use of the combination of ARB/NEPi over ACE-I therapy
are growing.

HEART FAILURE (HF) IS A CLINICAL SYNdrome characterized by dyspnea, fluid overload,
and exam findings such as crackles or rales on lung
exam. Simplistically, HF is inadequate cardiac reserve to do daily activities. Patients can have HF
with reduced left ventricular (LV) ejection fraction
(EF) (systolic heart failure, HFrEF) or HF with preserved LVEF (diastolic heart failure, HFpEF).
HF is a common and costly syndrome. The prevalence is five million patients, which are split evenly
among men and women. Approximately 550,000
cases occur annually. Almost 1.4 million hospitalizations and 76,780 deaths occur annually due to HF.
HF is the secondary cause for 450,000 deaths annu-

ally. With improved treatments, one- and five-year
survival rates with HF have modestly improved;
however, the rates are still not great.1 In 2014, inpatient costs for Medicare alone were $10 billion
($10,501/discharge).
Exhibit 1 shows the American College of Cardiology/American Heart Association (ACC/AHA) classification of HF from Stage A to D.2 For example,
a patient with shortness of breath and fatigue and
reduced exercise tolerance would be Stage C. The
New York Heart Association (NYHA) class system,
based on limitations from HF symptoms, can also
be used to describe a patient’s functionality (Exhibit 2).3 The NYHA class reflects symptoms and
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Exhibit 1: Classification of Heart Failure2

Stage

Patient Description

A

High risk for developing
heart failure

• Hypertension
• Coronary artery disease
• Diabetes mellitus
• Family history of cardiomyopathy

B

Asymptomatic HF

• Previous myocardial infarction
• LV systolic dysfunction
• Asymptomatic valvular disease

C

Symptomatic HF

• Known structural heart disease
• Shortness of breath and fatigue
• Reduced exercise tolerance

D

Refractory
end-stage HF

• Marked symptoms at rest despite maximal medical therapy
(eg, those who are recurrently hospitalized or cannot be safely
discharged from the hospital without specialized interventions)

Exhibit 2: NYHA Class of HF3

NYHA Class

Symptoms

I

Cardiac disease, but no symptoms and no limitation in
ordinary physical activity, e.g. no shortness of breath when
walking, climbing stairs etc.

II

Mild symptoms (mild shortness of breath and/or angina)
and slight limitation during ordinary activity.

III

Marked limitation in activity due to symptoms, even during
less-than-ordinary activity, e.g. walking short distances
(20–100 m).
Comfortable only at rest.

IV

Severe limitations. Experiences symptoms even while at
rest. Mostly bedbound patients

the staging A to D reflects classification and guides
referral for more advanced therapies. As the disease
process progresses, a patient can move from Stage
A (no symptoms, normal exercise, normal LV but
risk factors for HF) to Stage B (asymptomatic LV
dysfunction) to Stage C (compensated and decompensated HF, NYHA I - III) to Stage D (refractory
end-stage HF, NYHA IV).
Treatment of HF is based on stages (Exhibit 3).2,4
Therapy progressively steps up as the syndrome progresses. Treatment with an angiotensin-converting
enzyme inhibitor (ACE-I) or an angiotensin receptor blocker (ARB) can prevent progression from
Stage A or B to symptomatic HF. Beta blockers, in
addition to ACE-Is/ARBs, are appropriate for some
patients at Stage B. For Stage C, aldosterone antagonists and possibility digoxin or diuretics are added to

ACE-I/ARB and beta blockers. Exercise tolerance
and ejection fraction can be improved in patients
with certain cardiac abnormalities with an implantable cardioverter-defibrillator (ICD) or with cardiac resynchronization therapy (CRT). Those with
Stage D require advanced therapies and should be
seen in specialized HF clinics.
In general, ACE inhibitors are preferred over
ARBs because they are less expensive and have better evidence. In African American patients with HF,
hydralazine/isosorbide dinitrate instead of an ACEI produces better outcomes. Carvedilol, bisoprolol, and metoprolol succinate are the preferred beta
blockers. Aldosterone antagonists, which are relatively new to the treatment armamentarium, should
be used early, rather than later. Digoxin is not used
very often because of toxicity and monitoring re-
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Exhibit 3: ACC/AHA Guidelines: Heart Failure Management2,4

Stage A

Stage B

Stage C

Stage D

Therapy

Therapy

Therapy

Therapy

• All measures under
stage A

• All measures under
stage A

• All measures under
stages A, B, and C

• ACE-I/ARB in
appropriate
patients

• Drugs for routine
use
		 - ACE –I/ARB
		 - Beta-blockers
		 - ARB/neprilysin
			inhibitor
		 - Aldosterone 		
			antagonists
		 - Digitalis

• Mechanical assist
devices

• ICD in select 		
patients – EF < 		
30% or hx VT/VF

• Hospice care

• Treat hypertension
• Encourage
smoking cessation
• Treat lipid
disorders
• Encourage regular
exercise

• Beta-blockers in
appropriate
patients

• Discourage alcohol
intake, illicit drug
use

• ICD in select
patients

• ACE-I/ARB in
appropriate
patients

• Heart transplantation, LVAD
• Continuous (not 		
intermittent) IV 		
inotrope infusions
for palliation

• CRT in select
patients – QRS >
140 ms

ICD = implantable cardioverter-defibrillator
EF = ejection fraction
VT/VF = ventricular tachycardia/fibrillation
CRT = cardiac resynchronization therapy (pacemaker)
LVAD = left ventricular assist device
IV = intravenous
ACE-I = angiotensin converting enzyme
ARB = angiotensin receptor blocker

quirements. In Stage C, diuretics should be used as
needed instead of everyday use. Exhibit 4 shows
the impact of HF therapies on long-term outcomes.5
The cumulative risk reduction is 77 percent if all
four therapies (ACE-I, aldosterone antagonists, beta
blocker, and CRT with or without ICD) are used.
The absolute risk reduction is 27 percent and the
number needed to treat (NNT) of four. Each of the
medication classes are available generically, so price
should not be a barrier to treating HF. The prices for
the devices (CRT and ICD) are significantly higher
(~$30,000-$40,000 each).
Although it is ideal to have these four therapies
on board, not all patients can tolerate this combination. Blood pressure or heart rate may limit how
much up-titration of any therapy can occur. Renal
function and potassium serum levels may impact uptitration of ACE-I/ARB therapy and the initiation
of aldosterone antagonist therapy. Drug-drug interactions may limit tolerance of therapies. Side effects
may limit the acceptance and the willingness to take
the medicine and adherence. Lastly, costs of polypharmacy may impact adherence. These patients
typically have several additional diseases or conditions for which treatment is required.
If the dose of only one component can be increased

because of patient limitations, the beta blocker
should be up-titrated. The combination of an ACEI (normal dose) and a higher dose beta blocker is
better than a high-dose ACE-I in terms of morbidity, mortality, and symptom management. The
higher the beta blocker dose achieved the greater the
improvement in mortality and the lower the rate of
hospitalization. For example, carvedilol 25 mg bid
compared to 6.25 mg bid results in lower mortality
and hospitalization rates.6 Overall, in Stage C HF,
ACE-I and beta blocker dosing should be maximized before adding other therapies. This means 20
to 40 mg/day of an ACE-I and near maximum doses
of beta blockers. Functional status should be assessed
to determine if therapy needs to be escalated.
Sodium and fluid restrictions are recommended
for HF. Those with Stage A and B HF with diabetes
and hypertension should limit sodium to less than 1.5
grams per day. This combined with losing weight are
the two best ways to prevent progression to symptomatic HF. Stage C and D patients should restrict
sodium to 2 to 3 grams daily and fluid to 1.5 to 2 liters. HFpEF patients should be on sodium restriction.
Not every patient benefits from the same level of sodium and fluid restrictions; therefore, recommendations must be individualized. Achieving extreme so-
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Exhibit 4: Impact of Heart Failure: Therapies on Long-Term Outcomes5

Relative Risk Reduction (%)

Absolute Risk Reduction (%)

Two-year Mortality (%)

None

-

-

35

ACE-1

↓ 23

↓8

27

Aldosterone
Blocker

↓ 30

↓8

19

Beta Blocker

↓ 35

↓7

12

CRT + ICD

↓ 36

↓7

8

ACE-I = angiotensin converting enzyme
CRT = cardiac resynchronization therapy (pacemaker)
ICD = implantable cardioverter-defibrillator

dium and fluid restriction can be deleterious for some.
Sodium/fluid balance is a challenge in HF management. The average American diet is loaded with
salt (6-8g) and requires significant patient education. Drinking plenty of water is often encouraged
as the population ages, but this can be an issue for
those with HF. Many of older patients in nursing
homes or other settings have no control of their diet.
Manipulation of natriuretic peptides in HF has
been investigated as another way to manage sodium
and fluid balance. Multiple studies have examined
the potential benefit of intravenous natriuretic peptides in HF, but none have clearly established efficacy. Recent work has targeted inhibitors of the
neutral endopeptidase neprilysin as a strategy to
augment the physiological actions of natriuretic
peptides [atrial natriuretic peptide (ANP), brain
natriuretic peptide (BNP)] which are not working
well in HF. Sacubitril is an inhibitor of neprilysin
(NEPi), which increases sodium and fluid excretion,
decreases aldosterone, increases vasodilation, and
decreases cardiovascular hypertrophy. It is marketed
in a formulation with valsartan (Entresto®) indicated to reduce the risk of cardiovascular death and
hospitalization for HF in patients with chronic HF
(NYHA Class II-IV) and reduced ejection fraction.
The combination decreased the combined outcomes
of cardiovascular death and HF hospitalization by
4.7 percent compared to enalapril.7 The number
needed to treat favors use of combined ARB/NEPi
over ACE-I (major cardiac events: 5 percent reduction, NNT of 20; mortality: 3 percent reduction,
NNT of 33; first HF hospitalization: 3 percent reduction, NNT of 33). There have been some criti-

cism of the trial used to approve the combination.
The trial population was largely NYHA Class II,
younger (mean age 64), and largely Caucasian. African American populations may have a higher incidence of angioedema from the combination.
The ACC/AHA/Heart Failure Society guidelines
were updated in 2017 to reflect new data on the use
of an ARB/NEPi combination.4 An ACE-I, ARB,
or the combination of ARB/NEPi in combination
with a beta blocker and aldosterone antagonist in
select patients is recommended. The combination of
sacubitril/valsartan should be considered in patients
with recent HFrEF hospitalizations despite being on
optimal vasodilator therapy with an ACE-I or an
ARB or younger or higher risk subjects who may
need the most aggressive medical treatment.
It is important to note that sacubitril/valsartan causes hypotension in one in 21 patients. This
combination should be avoided in patients who have
had angioedema. African American patients may
have a higher rate of angioedema with this combination than other groups. When patients switch
from an ACE-I, they should wait at least 36 hours
after stopping the ACE-I to start sacubitril/valsartan
to reduce the risk of angioedema. This combination does contain a much lower dose of valsartan
than usually used in HF. This combination does cost
about $400/month, but the NNT justifies wider use
if local health economics justify payment.
Because the mortality rate is so high in the Stage
D patient group, focusing on quality of life is especially important. These patients will eventually need
referral for palliative care. Indications for palliative
care coordination are frequent hospitalizations and
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life expectancy of approximately two years.
A team approach is required to manage HF. It is no
longer a condition that can be managed solely by a
physician. The team should include an advanced nurse
practitioner or physician’s assistant, a HF nurse, a dietician, and a pharmacist. Involvement of supportive
family, friends or others is also important. Electronic
interaction or digital support are also beneficial.
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Summary
The treatment of metastatic colorectal cancer (mCRC) is now based on biomarker
testing. Several biomarkers, which have corresponding targeted or immunotherapy, should be tested in all patients with mCRC. There is still much to be learned
about biomarker use in this disease.
Key Points
Relevant biomarker testing is critical in caring for patients with CRC.
All patients with mCRC should have RAS, BRAF, and MSI-H testing.
Patients with RAS mutant CRC should not be treated with EGFR inhibitors.
Patients with right-sided CRC do not benefit from EGFR inhibitors in the first-line
treatment of mCRC.
• Those with MSI-H mCRC can benefit from immunotherapy.
•
•
•
•

COLORECTAL CANCER (CRC) IS THE SECond leading cause of cancer related-death in the
United States (U.S.). Ninety percent of new CRC
cases occur in those over the age of 50, and there
are currently more than one million survivors in
the U.S. The incidence of CRC has been declining in those 50 and older, but it has been increasing
in those between the ages of 20 and 50.1 Exhibit
1 shows the age-adjusted incidence between 2000
and 2010.2 The decline in incidence is because of
increased screening in those 50 and older.
On average, a person’s risk of CRC is one in 20,
although this varies based on risk factors. The risk
factors include overweight or obesity, physical inactivity, a diet high in red and processed meats,
cooking meats at very high temperatures, smoking,
heavy alcohol use, and family history. Persons with

a first-degree relative with CRC have two to three
times the risk of developing the disease. Familial adenomatous polyposis (FAP, 1% of cases) and Lynch
syndrome (hereditary nonpolyposis colorectal cancer, 2-4% of cases) are inherited genetic conditions
with very high risk for CRC.
Screening for CRC is important because it is a
largely preventable disease. There are multiple different recommendations available as to who and
when to screen. Exhibit 2 shows the U.S. Preventative Services Task Force (USPSTF) recommendations, which are the most conservative and followed
by most managed care plans.3 Screening options
include stool-based tests [guaiac fecal occult blood
test (gFOBT), fecal immunochemical test (FIT),
and FIT-DNA (FIT with detection of altered DNA
in the stool], direct visualization tests [flexible sig-
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Exhibit 1: Age-Adjusted Incidence of Colon Cancer2

New Cases/100,000

Age-Adjusted Incidence
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Exhibit 2: United States Preventative Services Task Force Guidelines3

Population

Recommendation

Adults Aged
50 to 75 years

Adults Aged
76 to 85 years

Screen for colorectal cancer
starting at age 50 years

The decision to screen for
colorectal cancer is an
individual one

GRADE: A
GRADE: C

moidoscopy (alone or combined with FIT), colonoscopy, computed tomography colonography) and
serology tests (SEPT9 DNA test). The USPSTF has
found no head-to-head studies demonstrating that
any screening strategy is more effective than others.3 Colonoscopy is still considered the best screening test by most experts because polyps can be removed at the time of the test. Overall, in terms of
screening, everyone should have screening starting
at age 50, or 10 years before the youngest case in the
immediate family. There is not good evidence for
screening in those 76 years of age or older.
Patients with CRC can present with hematochezia (58%), abdominal pain (52%), unexplained iron
deficiency anemia (57%), weight loss (39%), altered
stools (25%), and intestinal obstruction (4%). Laboratory, radiology, direct visualization of the colon,
and biopsy are used to diagnose and stage the disease.
Thirty percent of cases occur in the right ascending
colon, 25 percent in the sigmoid colon, 20 percent

in the rectum, 15 percent in the left descending colon, and 10 percent in the transverse colon.
Treatment includes surgery, radiation, chemotherapy, targeted/biologic therapy, and immunotherapy. Various factors will influence treatment
selection for CRC. Tumor factors include resectability, tumor biology/biomarkers, and severity of
symptoms. Patient factors which affect selection
are age, general health, concomitant diseases, and
patient preference. Treatment- related issues include efficacy, toxicity, and availability. Surgical
resection is the treatment of choice for early-stage
disease. Radiation is primarily used prior to rectal surgery to shrink tumors in early-stage disease
and sometimes to treat metastases. Chemotherapy
is primarily used in Stages II to IV.
Management of late stage disease (metastatic,
Stage IV) has been the area of most research in the
past few decades. Although having extensive disease,
some patients with Stage IV disease are cured using
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Exhibit 3: FDA Approved Drugs for Colorectal Cancer

Cytotoxics
5-Fluorouracil (5-FU)
capecitabine
TAS-102
irinotecan
oxaliplatin

Mechanism
Pyrimidine analog
oral 5-FU pro-drug
5-FU drug with metabolism inhibitor
topoisomerase I inhibitor
3rd generation platinum

Biologics/Targeted
cetuximab
panitumumab
bevacizumab
ziv-aflibercept
ramucirumab
regorafenib

Mechanism
antibody against EGFR
antibody against EGFR
antibody against VEGF
VEGF trap
antibody against VEGFR2
tyrosine kinase inhibitor

Immunotherapy
pembrolizumab/nivolumab

Mechanism
antibody against PD-1 (MSI-high only)

EGFR = epidermal growth factor receptor
VEGF = vascular endothelial growth factor
PD = programmed death
MSI = microsatellite instability

aggressive therapy with surgery and chemotherapy.
Overall, combination therapy is typically used and
generally well tolerated. Biologics have added incremental (and somewhat disappointing) overall benefit to chemotherapy.
The FDA approved medications for mCRC are
listed in Exhibit 3. Five fluorouracil (5-FU), because
it has been around for a long time, is an inexpensive
medication, but the others are not. Thirty months
of therapy with typical combinations of these agents
can cost more than $450,000. Although mCRC
therapy is expensive in terms of acquisition costs,
improvements have been made in median overall
survival (OS). It has improved from five months
with 5-FU alone to 27.5 months with combinations
and newer agents.
In the past, all patients with a particular type of
cancer were treated the same. With better understanding of the genetic mutations and other factors
driving tumor growth, many cancers, including
CRC, are now understood to be many different diseases rather than one disease. The future of CRC
treatment is personalized treatment with biologics
and immunotherapy using biomarkers. Biomarkers, short for biological markers, are biological
molecules found in blood, other body fluids or tissues that may be measured to provide information
about the tumor. Once biomarker testing is done,
results of the test may indicate normal or abnormal

cell function, provide insight on the likely outcome
from the cancer if it is left untreated (i.e. prognosis),
and predict the likelihood of the cancer’s response
to a specific treatment plan or lack of response to a
treatment plan.
Some biomarkers and targeted therapy against
those biomarkers are available for CRC. Epidermal
growth factor receptor (EGFR) inhibitors (cetuximab and panitumumab) target the EGFR receptor.
The EGFR pathway is important for oncogenesis,
angiogenesis, and the tumor microenvironment.
Targeting the pathways slows or stops tumor growth
with fewer adverse effects compared with chemotherapy. Blood vessel growth is needed for tumors
to grow beyond 1 cm in size. Vascular endothelial
growth factor (VEGF) is important for that growth.
Anti-VEGF agents, including bevacizumab, zivaflibercept, and ramucirumab, cut off the blood supply to tumors.
It has been found that patients with RAS mutations do not respond to EGFR inhibitors.4 When
a RAS mutation is present, the tumor cell is able
to bypass the EGFR pathway and continue growing. Thus, it is important to test for RAS mutations (KRAS and NRAS) before selecting therapy,
and patients with RAS mutant CRC should not be
treated with EGFR inhibitors, regardless of the specific mutation.
Other mutations have also been found to be im-
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Exhibit 4: MSI-H Colon Cancer Prevalence and Prognosis

Stage

Prevalence

Prognosis Compared
to MSS

II

15% - 20%

Excellent

III

8% - 10%

Same

IV

4% - 5%

Same or Worse

portant. BRAF mutations (5-10% of cases) in CRC
is a poor prognostic indicator; those with these
mutations have one-third the OS of those without. Combining an EGFR inhibitor and a BRAF
inhibitor (vemurafenib, approved for melanoma
treatment) can overcome the activating effects of
the BRAF mutation and modestly improve OS.
PI3K mutational data are conflicting and should not
guide treatment with EGFR inhibitors. In earlystage CRC, PI3K mutations may guide treatment
with aspirin to prevent recurrence. In those with
PI3K mutations, aspirin can reduce risk of recurrence by 90 percent.5
The location of CRC is another predictor of response. The location in the colon where the cancer
develops is a surrogate for a biologic difference in
the tumor cells. It has been found that patients with
right-sided CRC do not benefit from EGFR inhibitors in the first-line treatment of mCRC, even if
the tumor is RAS wild-type. Those with left-sided
disease and RAS wild-type have a significant benefit from EGFR inhibitors (OS 36 months vs 16.7
months with right-sided disease).
At this time, there are no biomarkers for VEGF
inhibitor use. Choosing the anti-VEGF agents is
still a one-size-fits-all strategy. Researchers are still
searching for valid biomarkers.
The newest personalized strategy for treating
mCRC is immunotherapy. A hallmark of cancer is
tumor cell ability to evade detection by the immune
system. Because tumor cells are “foreign” material, the body should be able to detect and destroy
these cells. Programmed death one (PD-1) and programmed death ligand one (PD-L1) are cell surface
markers that function as immune checkpoints to
prevent T cells from becoming active and attacking normal tissue. Cancers utilize these checkpoints
to turn off T cells. Blocking either PD-1 or PD-L1
takes the brakes off the immune system, allowing

it to see and kill tumor cells that express PD-L1 on
their surface.
Immunotherapy with anti-PD-1 agents has been
shown to work better in cancers which have a
high mutational load. Essentially, T cells recognize tumor cells with a great deal of mutations as
abnormal, but are turned off by the tumor cell.
Examples of cancers with high mutational loads
are melanoma and lung (adenocarcinoma and
squamous).6 Only certain types of CRC have high
mutational loads.
Microsatellite instability (MSI) high CRC has
high mutational loads and responds to immunotherapy; about 5 percent of CRC cases are MSI
high. Normal cells are able to repair errors made
during DNA replication (mismatch repair, MMR).
MMR deficient tumors have more mutations than
MMR proficient tumors; tumors with a large
number of mutations have MSI.
MSI-high occurs in Lynch syndrome and is due
to mutations in one of the MMR genes (MLH1,
MSH2, MSH6, PMS2, and/or EPCAM). Those
with these mutations have increased lifetime risk of
colorectal, endometrial, stomach, ovarian, urothelial, and other cancers. Acquired MSI also occurs
and is primarily due to hypermethylation of the
MLH1 promoter and epigenetic silencing of MLH1.
There is also “double somatic” MSI caused by mutations in MMR genes. There are two methods for
identifying MSI – PCR, which identifies variation in genomic repeats, and IHC, which identifies
loss of expression of one or more MMR proteins.
These hyper-mutated cancers are too “deranged”
to metastasize, and the immune system can prevent
spread. Once a metastatic clone begins growing,
MSI-high CRC has the same or worse prognosis
than microsatellite stable CRC (Exhibit 4).7
MSI-high cancers have tumor infiltrating T cells
which are turned off by the tumor. On May 23, 2017,
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Exhibit 5: Treatment of Metastatic Colorectal Cancer Based on Molecular Testing

Patient with mCRC
RAF V600E MT
(consider clinical trial after 1st line therapy)
MSI-high
(consider immunotherapy after 1st line
therapy)

Molecular Testing
(RAS, BRAF, MSI-high)
Any RAS mutation

All RAS WT and Left-sided

All RAS WT and
Right-sided

Bevacizumab + chemo

Bevacizumab + chemo

EGFR inhibitor +
chemo doublet

Bevacizumab + chemo

Chemo + other antiVEGF

Chemo + other antiVEGF

Bevacizumab + chemo

Chemo + other antiVEGF

Regorafenib
Regorafenib

TAS-102

EGFR inhibitor +/FOLFIRI

TAS-102

Supportive Care

Regorafenib

TAS-102

Supportive Care

Supportive Care
Regorafenib

TAS-102

Supportive Care

the FDA granted accelerated approval to pembrolizumab (Keytruda®) for adult and pediatric patients
with unresectable or metastatic MSI-H or deficient
mismatch repair (dMMR) solid tumors that have
progressed following prior treatment and which
have no satisfactory alternative treatment options, or
with MSI-H or dMMR colorectal cancer that has
progressed following treatment with a 5-FU, oxaliplatin, and irinotecan. This was the FDA’s first tissue/site-agnostic approval, rather than a disease specific-approval. Overall, MSI-H or dMMR should
be tested for in all patients with colorectal cancer
and predicts potential benefit with immune therapy.
Exhibit 5 provides a general algorithm for treatment
selection in mCRC based on molecular testing.
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Conclusion

The revolution of genetic information on tumors
over the past five years has greatly increased the
understanding of tumor biology, but this has not
yet translated into the clinic, since surgery is still
the mainstay of curing solid tumors like colorectal
cancer. Ignorance (lack of research) is costly and
deadly; without knowledge of RAS/RAS status,
for instance, we would be spending more than
$800 million per year harming patients. Knowledge of relevant biomarkers is critical in caring for
patients with CRC.
Christopher Lieu, MD, is the Director of Gastrointestinal Medical Oncology at the University of Colorado Cancer Center.
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INDICATIONS AND USAGE

Medication Overuse Headache

Overuse of acute migraine drugs (e.g., ergotamine, triptans, opioids,
combination of these drugs for 10 or more days per month) may lead to
exacerbation of headache (medication overuse headache). Medication overuse
headache may present as migraine-like daily headaches, or as a marked
increase in frequency of migraine attacks. Detoxification of patients, including
withdrawal of the overused drugs, and treatment of withdrawal symptoms
ZEMBRACE SymTouch is indicated for the acute treatment of migraine with or (which often includes a transient worsening of headache) may be necessary.
without aura in adults.
Serotonin Syndrome
Limitations of Use:
Serotonin syndrome may occur with ZEMBRACE SymTouch injection,
∙ Use only if a clear diagnosis of migraine has been established. If a patient
particularly during co- administration with selective serotonin reuptake
has no response to the first migraine attack treated with ZEMBRACE
inhibitors (SSRIs), serotonin norepinephrine reuptake inhibitors (SNRIs), tricyclic
SymTouch, reconsider the diagnosis before ZEMBRACE SymTouch is
antidepressants (TCAs), and MAO inhibitors. Serotonin syndrome symptoms
administered to treat any subsequent attacks.
may include mental status changes (e.g., agitation, hallucinations, coma),
∙ ZEMBRACE SymTouch injection is not indicated for the prevention of
autonomic instability (e.g., tachycardia, labile blood pressure, hyperthermia),
migraine attacks.
neuromuscular aberrations (e.g., hyperreflexia, incoordination), and/or
gastrointestinal symptoms (e.g., nausea, vomiting, diarrhea). The onset of
CONTRAINDICATIONS
symptoms usually occurs within minutes to hours of receiving a new or a
ZEMBRACE SymTouch is contraindicated in patients with:
greater dose of a serotonergic medication. Discontinue ZEMBRACE SymTouch
∙ Ischemic Coronary Artery Disease (CAD) (angina pectoris, history of
injection if serotonin syndrome is suspected.
myocardial infarction, or documented silent ischemia) or coronary artery
Increase in Blood Pressure
vasospasm, including Prinzmetal’s angina.
Significant elevation in blood pressure, including hypertensive crisis with
∙ Wolff-Parkinson-White syndrome or arrhythmias associated with other
acute impairment of organ systems, has been reported on rare occasions in
cardiac accessory conduction pathway disorders.
∙ History of stroke or transient ischemic attack (TIA) or history of hemiplegic patients treated with 5-HT1 agonists, including patients without a history of
hypertension. Monitor blood pressure in patients treated with
or basilar migraine because these patients are at a higher risk of stroke.
ZEMBRACE SymTouch. ZEMBRACE SymTouch injection is contraindicated in
∙ Peripheral vascular disease
patients with uncontrolled hypertension.
∙ Ischemic bowel disease
∙ Uncontrolled hypertension
Anaphylactic Reactions
∙ Recent (i.e., within 24 hours) use of ergotamine-containing medication,
Anaphylactic reactions have occurred in patients receiving
ergot-type medication (such as dihydroergotamine or methysergide), or
sumatriptan. Such reactions can be life threatening or fatal. In general,
another 5-hydroxytryptamine1 (5-HT1) agonist
anaphylactic reactions to drugs are more likely to occur in individuals with a
∙ Concurrent administration of an MAO-A inhibitor or recent (within 2 weeks) history of sensitivity to multiple allergens. ZEMBRACE SymTouch injection is
use of an MAO-A inhibitor
contraindicated in patients with a history of hypersensitivity
∙ Known hypersensitivity to sumatriptan (angioedema and anaphylaxis seen) reaction to sumatriptan.
∙ Severe hepatic impairment.

WARNINGS AND PRECAUTIONS
Myocardial Ischemia, Myocardial Infarction,
and Prinzmetal’s Angina

The use of ZEMBRACE SymTouch injection is contraindicated in patients with
ischemic or vasospastic CAD. There have been rare reports of serious cardiac
adverse reactions, including acute myocardial infarction, occurring within a
few hours following administration of sumatriptan injection. Some of these
reactions occurred in patients without known CAD. 5-HT1 agonists, including
ZEMBRACE SymTouch injection, may cause coronary artery vasospasm
(Prinzmetal’s angina), even in patients without a history of CAD.
Perform a cardiovascular evaluation in triptan-naive patients who have multiple
cardiovascular risk factors (e.g., increased age, diabetes, hypertension, smoking,
obesity, strong family history of CAD) prior to receiving ZEMBRACE SymTouch
injection. If there is evidence of CAD or coronary artery vasospasm,
ZEMBRACE SymTouch injection is contraindicated. For patients with multiple
cardiovascular risk factors who have a negative cardiovascular evaluation,
consider administering the first dose of ZEMBRACE SymTouch injection in
a medically supervised setting and performing an electrocardiogram (ECG)
immediately following ZEMBRACE SymTouch injection. For such patients,
consider periodic cardiovascular evaluation in intermittent
long-term users of ZEMBRACE SymTouch injection.

Arrhythmias

Life-threatening disturbances of cardiac rhythm, including ventricular
tachycardia and ventricular fibrillation leading to death, have been reported
within a few hours following the administration of 5-HT1 agonists.
Discontinue ZEMBRACE SymTouch injection if these disturbances occur.
ZEMBRACE SymTouch injection is contraindicated in patients with
Wolff-Parkinson-White syndrome or arrhythmias associated with other cardiac
accessory conduction pathway disorders.

Chest, Throat, Neck, and/or Jaw Pain/Tightness/Pressure

Sensations of tightness, pain, pressure, and heaviness in the precordium,
throat, neck, and jaw commonly occur after treatment with sumatriptan
injection and are usually non-cardiac in origin. However, perform a cardiac
evaluation if these patients are at high cardiac risk. The use of
ZEMBRACE SymTouch injection is contraindicated in patients shown to have
CAD and those with Prinzmetal’s variant angina.

Cerebrovascular Events

Cerebral hemorrhage, subarachnoid hemorrhage, and stroke have occurred
in patients treated with 5-HT1 agonists, and some have resulted in fatalities.
In a number of cases, it appears possible that the cerebrovascular events were
primary, the 5-HT1 agonist having been administered in the incorrect belief
that the symptoms experienced were a consequence of migraine when they
were not. Also, patients with migraine may be at increased risk of certain
cerebrovascular events (e.g., stroke, hemorrhage, TIA). Discontinue
ZEMBRACE SymTouch injection if a cerebrovascular event occurs.
Before treating headaches in patients not previously diagnosed with migraine
or in patients who present with atypical symptoms, exclude other potentially
serious neurological conditions. ZEMBRACE SymTouch injection is
contraindicated in patients with a history of stroke or TIA.

Other Vasospasm Reactions

ZEMBRACE SymTouch injection may cause non-coronary vasospastic reactions,
such as peripheral vascular ischemia, gastrointestinal vascular ischemia and
infarction (presenting with abdominal pain and bloody diarrhea), splenic
infarction, and Raynaud’s syndrome. In patients who experience symptoms
or signs suggestive of non-coronary vasospasm reaction following the use of
any 5-HT1 agonist, rule out a vasospastic reaction before receiving additional
ZEMBRACE SymTouch injections.
Reports of transient and permanent blindness and significant partial vision loss
have been reported with the use of 5-HT1 agonists. Since visual disorders may be
part of a migraine attack, a causal relationship between these events and the use
of 5-HT1 agonists have not been clearly established.

Seizures

Seizures have been reported following administration of sumatriptan. Some
have occurred in patients with either a history of seizures or concurrent
conditions predisposing to seizures. There are also reports in patients where
no such predisposing factors are apparent. ZEMBRACE SymTouch injection
should be used with caution in patients with a history of epilepsy or conditions
associated with a lowered seizure threshold.

ADVERSE REACTIONS
Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions, adverse
reaction rates observed in the clinical trials of a drug cannot be directly
compared with rates in the clinical trials of another drug and may not reflect
the rates observed in practice.
Table 1 lists adverse reactions that occurred in 2 US placebo-controlled clinical
trials in migraine subjects (Studies 2 and 3), following either a single 6-mg
dose of sumatriptan injection or placebo. Only reactions that occurred at a
frequency of 2% or more in groups treated with sumatriptan injection
6 mg and that occurred at a frequency greater than the placebo group are
included in Table 1.

Percent of Subjects Reporting

Atypical sensations
Tingling
Warm/hot
sensation
Burning sensation
Feeling of
heaviness
Pressure sensation
Feeling of tightness
Numbness
Feeling strange
Tight feeling in
head

Sumatriptan Injection
6 mg
Subcutaneous
(n = 547)

Placebo
(n = 370)

42
14

9
3

11
7

4
<1

7
7
5
5
2

1
2
<1
2
<1

2

<1

Cardiovascular
Flushing
Chest discomfort
Tightness in chest
Pressure in chest

7
5
3
2

2
1
<1
<1

Ear, nose, and throat
Throat discomfort
Discomfort: nasal
cavity/sinuses

3
2

<1
<1

Injection site reactiona

59

24

2

0

5
5
2

<1
<1
<1

Miscellaneous
Jaw discomfort
Musculoskeletal
Weakness
Neck pain/stiffness
Myalgia

Adverse Reaction

Placebo
(n = 370)

12
3

4
2

2

<1

2

1

Neurological
Dizziness/vertigo
Drowsiness/
sedation
Headache

Skin

Sweating

Includes injection site pain, stinging/burning, swelling, erythema, bruising, bleeding

a

Postmarketing Experience

The following adverse reactions have been identified during
postapproval use of sumatriptan tablets, sumatriptan nasal spray, and
sumatriptan injection. Because these reactions are reported
voluntarily from a population of uncertain size, it is not always possible to
reliably estimate their frequency or establish a causal relationship
to drug exposure.
Cardiovascular
Hypotension, palpitations
Neurological
Dystonia, tremor

DRUG INTERACTIONS
Ergot-Containing Drugs

Ergot-containing drugs have been reported to cause prolonged vasospastic
reactions. Because these effects may be additive, use of ergotamine-containing
or ergot-type medications (like dihydroergotamine or methysergide) and
ZEMBRACE SymTouch within 24 hours of each other is contraindicated.

Monoamine Oxidase-A Inhibitors

MAO-A inhibitors increase systemic exposure by 2-fold. Therefore, the use
of ZEMBRACE SymTouch injection in patients receiving MAO-A
inhibitors is contraindicated.

Other 5-HT1 Agonists

Because their vasospastic effects may be additive, coadministration of
ZEMBRACE SymTouch injection and other 5-HT1 agonists (e.g., triptans) within
24 hours of each other is contraindicated.

Selective Serotonin Reuptake Inhibitors/Serotonin
Norepinephrine Reuptake Inhibitors and Serotonin Syndrome
Cases of serotonin syndrome have been reported during coadministration of
triptans and SSRIs, SNRIs, TCAs, and MAO inhibitors.

USE IN SPECIFIC POPULATIONS
PREGNANCY
Pregnancy Category C

There are no adequate and well-controlled trials of sumatriptan injection in
pregnant women. ZEMBRACE SymTouch injection should be used during
pregnancy only if the potential benefit justifies the potential risk to the fetus.

NURSING MOTHERS

Table 1: Adverse Reactions in Pooled Placebo-Controlled
Trials in Patients with Migraine (Studies 2 and 3)

Adverse Reaction

Percent of Subjects Reporting
Sumatriptan Injection
6 mg
Subcutaneous
(n = 547)

Sumatriptan is excreted in human milk following subcutaneous administration.
Infant exposure to sumatriptan can be minimized by avoiding breastfeeding for
12 hours after treatment with ZEMBRACE SymTouch injection.

PEDIATRIC USE

Safety and effectiveness in pediatric patients have not been
established. ZEMBRACE SymTouch injection is not recommended for use in
patients younger than 18 years of age.

GERIATRIC USE

Clinical trials of sumatriptan injection did not include sufficient numbers of
subjects aged 65 and over to determine whether they respond differently
from younger patients. Other reported clinical experience has not identified
differences in responses between the elderly and younger subjects. In
general, dose selection for an elderly patient should be cautious, usually
starting at the low end of the dosing range, reflecting the greater frequency
of decreased hepatic, renal, or cardiac function and of concomitant disease or
other drug therapy.

OVERDOSAGE

Coronary vasospasm was observed after intravenous administration of sumatriptan injection. The elimination half-life of sumatriptan is about 2 hours,
and therefore monitoring of patients after overdose with
ZEMBRACE SymTouch injection should continue for at least 10 hours or
while symptoms or signs persist. It is unknown what effect hemodialysis or
peritoneal dialysis has on the serum concentrations of sumatriptan.
ZEMBRACE and SymTouch are registered trademarks of Dr. Reddy’s
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Summary
Many aspects of the genetic basis of schizophrenia are now being discovered, which
should lead to personalized treatments. For now, treatment is somewhat nonspecific in targeting dopamine in everyone. Adherence with antipsychotic therapy can
be a major issue in this disease, but it can be improved through a few interventions.
Key Points
• Schizophrenia is a complex polygenic genetic disorder.
• It is important to identify and treat the disease early to prevent neurodegeneration.
• Long-acting injectable antipsychotics can improve adherence and outcomes 		
compared with most oral agents.
• Shared decision making and a recovery focus of treatment can enhance treatment
adherence.

APPROXIMATELY TWO YEARS AGO, AN EXciting discovery was made about the origin of schizophrenia. Complement component 4 (C4), which is a
part of the immune system, was identified as a major
pathway for developing this disease. It is involved
with synaptic pruning in the brain by marking cells
for removal by depositing another protein (C3) onto
synapses and is particularly active during the late
teens and early adulthood. There is clear evidence
that individuals with a gene that connotes overactive C4 activity are considerably more likely to show
signs and symptoms of schizophrenia.1 Those with
overactive C4 have excessive pruning of synapses.
Importantly, not all individuals with schizophrenia
have a C4 abnormality or even a clear abnormality
of synaptic pruning. Furthermore, not all individuals with C4 abnormalities have schizophrenia. C4

appears to be only one piece of the puzzle as to why
someone develops schizophrenia.
The C4 gene actually appears to have proved a
larger unifying theory of schizophrenia – that it
is a complex genetic disorder and is polygenic. A
large number of gene mutations each confer a small
change in phenotype that alone does not cause illness. It is the combination of a sufficient number
of abnormal genes that leads to a critical phenotype
that causes the disorder. There may be a number
of very different disorders that clinicians have been
lumping under the category of schizophrenia, like
what has been found to occur in breast and lung
cancer, each defined by specific genetic mutations.
Dopamine blockers, the current treatment, act
further downstream of the abnormalities caused by
the various genetic mutations. The hope with iden-
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Exhibit 1: Natural History of Schizophrenia2
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tifying the genetic mutations which underlie this
disease is that targeted therapy can be developed.
One example is a family that shares a rare genomic
copy number variant, resulting in extra copies of the
gene for glycine decarboxylase. This gene encodes
the enzyme that degrades glycine, a key modulator of the N-methyl-D-aspartate (NMDA) receptor, which has been implicated in psychosis. When
affected family members were given glycine, the
response was like giving insulin to a person with
diabetes – their psychiatric symptoms largely resolved. When the drug was stopped, their symptoms returned. When they received glycine again
under non-blinded conditions, the same improvements were observed.
Exhibit 1 shows the natural history of schizophrenia from the prodromal phase of abnormal brain
development through the chronic end-stage with
major neurodegeneration.2 Importantly, the later
in the disease process medication is initiated, the
more neurodegeneration a patient will ultimately
have. Thus, early detection and intervention are important to hopefully prevent or slow the decline in
brain functioning and improve outcomes. Unfortunately, since the disease typically develops in the late
teens and early 20s, these patients tend to not want
to take chronic medications.
Currently, there are three major mechanisms of
action of medications in schizophrenia treatment:

30

40

50

Years

sustained, full dopamine two receptor (D2) antagonist; (traditional agents such as thorazine); intermittent D2 antagonist (atypical antipsychotics);
and sustained, partial D2/D3 agonists (aripiprazole,
brexpiprazole, cariprazine). Most of the medications
which have come to the market in the past 15 years
have been modestly tweaking the actions on dopamine. The two newest antipsychotic agents on the
market are brexpiprazole (Rexulti®) and cariprazine
(Vraylar ®). They both have a mechanism of action
similar to aripiprazole, with variations in relative affinity for D2 versus D3 receptor.3 The efficacy and
side effect profile of these two agents differ slightly,
but they are not statistically different.
Antipsychotics are available as oral and injectable
formulations. In a real-world effectiveness analysis
of antipsychotic agents in schizophrenia, the longacting injectable antipsychotics have a much larger
impact on reducing hospitalization compared with
oral agents.4 This effect is likely due to the “enforced” adherence with the injectables (as long as
the patient returns for the injections). Oral clozapine (Clozaril®) has similar beneficial effects on hospitalizations. This oral likely stands out from the
other orals because of the intensive regimen of visits
required for laboratory monitoring most likely have
an effect on patient engagement and adherence. In
this analysis, polytherapy with multiple antipsychotics was also found to be beneficial for some patients
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Exhibit 2: Recovery Focused Schizophrenia Interventions8
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(more ill, not responding to a single agent). The important take-home message from this study is that
long-acting injectables should be used more often to
improve adherence and outcomes.
Two agents are under study for treating schizophrenia. F17464 is a D3 antagonist with mild partial
D2 agonism and serotonin (5-HT1A) activity.5 In a
trial published last year, it showed statistically significant efficacy and is still being studied.6 Lumateperone, the other agent under study, has a novel mechanism of action. It provides selective and simultaneous
modulation of serotonin, dopamine, and glutamate.
Unlike existing schizophrenia treatments, lumateperone is a dopamine receptor phosphoprotein modulator, or DPPM, acting as a presynaptic partial agonist and postsynaptic antagonist at D2 receptors. It
also has potent interactions at serotonin (5-HT2A)
receptors, serotonin transporters, and D1 receptors
with indirect glutamatergic modulation. Efficacy
and tolerability profile were demonstrated in two
trials, and this agent is being hailed as a major improvement in side effects; however, this same claim
has been made for other psychotropics. The company is currently studying potential long-term adverse
effects before FDA approval is complete. This agent
will likely be approved within the next year.
Patients with schizophrenia die about 25 years
earlier than a population without the disease. Cardiovascular disease (CVD) is the most common
cause of death and likely accelerated by long-term
antipsychotic use. Weight gain and metabolic syndrome are two adverse effects of psychotropics
which contribute to CVD. It can be very difficult
for these patients to take the weight off. Metformin,

at a target dose of 2 grams per day, is an option for
managing blood glucose and helping patients lose a
modest amount of weight.7
No matter what drugs are invented, the medications are only effective if patients get the medicine
and take it regularly. Some problems that contribute
to nonadherence in schizophrenia include lack of
patient insight, patient error, and miscommunications between prescribers and pharmacists.
Recovery After an Initial Schizophrenia Episode
(RAISE), a research project of the National Institute
of Mental Health, seeks to fundamentally alter the
trajectory and prognosis of schizophrenia through
coordinated and aggressive treatment in the earliest stages of illness. This program tries to engage
patients in a very different way through patient-centered, recovery oriented-care. This approach focuses
on a person’s strengths as opposed to deficits and focuses on hope as opposed to disability. Patients do
not have to have great insight into their disease to be
engaged in a recovery-oriented program. Hope for a
patient may be to have a job; that is where interventions, such as supported education or supported employment, have great benefit. Management of this
disease using a recovery focus requires a multidisciplinary team targeting many different interventions
(Exhibit 2).8 Peer support can be a tremendous asset
for those who have just developed the disease.
Enhancing adherence requires that decision making be shared. Rather than tell the patient which
therapy is best for them, the various options, including not taking medication, can be presented.
The patient is much more likely to take medication
regularly if they have a part in the selection of the
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treatment. Using a shared decision/recovery model,
occupational functioning, the odds of working or
receiving education, and the probability of remission all increase for patients with a first episode of
psychosis.9 Providing care in this type model has
also been shown to be cost effective.10

speculations on pathogenesis, pathophysiology, and therapeutic approaches. Biol
Psychiatry. 2001;50(11):884-97.
3. Frankel JS, Schwartz TL. Brexpiprazole and cariprazine: distinguishing two
new atypical antipsychotics from the original dopamine stabilizer aripiprazole.
Ther Adv Psychopharmacol. 2017;7(1): 29-41.
4. Tiihonen J, Mittendorfer-Rutz E, Majak M, et al. Real-world effectiveness
of antipsychotic treatments in a nationwide cohort of 29,823 patients with

Conclusion

As more is discovered about the genetic basis of
schizophrenia, better therapies targeted at the
specific abnormalities caused by these genetic
mutations will hopefully be developed. Until
then, focusing on recovery and medication adherence are helpful in improving outcomes in this
devastating disease.

schizophrenia. JAMA Psychiatry. 2017;74(7):686-93.
5. Citrome L. Emerging pharmacological therapies in schizophrenia: what’s
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NOW APPROVED

ONPATTRO is the ﬁrst and only FDA-approved
RNAi treatment for the polyneuropathy of hereditary
transthyretin-mediated (hATTR) amyloidosis in adults.1
For the latest news and updates, sign up at www.onpattro.com
Indication

ONPATTRO™ (patisiran) is indicated for the treatment
of the polyneuropathy of hereditary transthyretinmediated amyloidosis in adults.

Important Safety Information

Infusion-Related Reactions
Infusion-related reactions (IRRs) have been observed in
patients treated with ONPATTRO. In a controlled clinical
study, 19% of ONPATTRO-treated patients experienced
IRRs, compared to 9% of placebo-treated patients. The
most common symptoms of IRRs with ONPATTRO were
ﬂushing, back pain, nausea, abdominal pain, dyspnea,
and headache.
To reduce the risk of IRRs, patients should receive
premedication with a corticosteroid, acetaminophen,
and antihistamines (H1 and H2 blockers) at least 60
minutes prior to ONPATTRO infusion. Monitor patients
during the infusion for signs and symptoms of IRRs. If an
IRR occurs, consider slowing or interrupting the infusion
and instituting medical management as clinically
indicated. If the infusion is interrupted, consider
resuming at a slower infusion rate only if symptoms have
resolved. In the case of a serious or life-threatening IRR,
the infusion should be discontinued and not resumed.

Reduced Serum Vitamin A Levels and Recommended
Supplementation
ONPATTRO treatment leads to a decrease in serum
vitamin A levels. Supplementation at the recommended
daily allowance (RDA) of vitamin A is advised for patients
taking ONPATTRO. Higher doses than the RDA should not
be given to try to achieve normal serum vitamin A levels
during treatment with ONPATTRO, as serum levels do not
reﬂect the total vitamin A in the body.
Patients should be referred to an ophthalmologist if
they develop ocular symptoms suggestive of vitamin A
deﬁciency (e.g. night blindness).
Adverse Reactions
The most common adverse reactions that occurred in
patients treated with ONPATTRO were upper respiratory
tract infections (29%) and infusion-related reactions (19%).
Please see Brief Summary of Full Prescribing
Information on the adjacent page.
Reference: 1. ONPATTRO [package insert]. Cambridge, MA: Alnylam
Pharmaceuticals, Inc; 2018.

ONPATTRO is a trademark of Alnylam Pharmaceuticals, Inc.
© 2018 Alnylam Pharmaceuticals, Inc. All rights reserved.
TTR02-USA-00048-032018

Brief summary of Full Prescribing Information for
ONPATTRO™ (patisiran) injection—Please consult
Full Prescribing Information.
INDICATIONS AND USAGE
ONPATTRO is indicated for the treatment of the polyneuropathy of
hereditary transthyretin-mediated amyloidosis in adults.
DOSAGE AND ADMINISTRATION
General Dosing Information
ONPATTRO should be administered by a healthcare professional.
ONPATTRO is administered via intravenous (IV) infusion. Dosing is
based on actual body weight. For patients weighing less than 100
kg, the recommended dosage is 0.3 mg/kg once every 3 weeks. For
patients weighing 100 kg or more, the recommended dosage is 30 mg
once every 3 weeks.
Missed Dose
If a dose is missed, administer ONPATTRO as soon as possible.
If ONPATTRO is administered within 3 days of the missed dose,
continue dosing according to the patient’s original schedule.
If ONPATTRO is administered more than 3 days after the missed dose,
continue dosing every 3 weeks thereafter.
Required Premedication
All patients should receive premedication prior to ONPATTRO
administration to reduce the risk of infusion-related reactions
(IRRs) [see Warnings and Precautions (5.1)]. Each of the following
premedications should be given on the day of ONPATTRO infusion
at least 60 minutes prior to the start of infusion: intravenous
corticosteroid (e.g., dexamethasone 10 mg, or equivalent);
oral acetaminophen (500 mg); intravenous H1 blocker (e.g.,
diphenhydramine 50 mg, or equivalent); and intravenous H2 blocker
(e.g., ranitidine 50 mg, or equivalent).
For premedications not available or not tolerated intravenously,
equivalents may be administered orally.
For patients who are tolerating their ONPATTRO infusions but
experiencing adverse reactions related to the corticosteroid
premedication, the corticosteroid may be reduced by 2.5 mg
increments to a minimum dose of 5 mg of dexamethasone
(intravenous), or equivalent.
Some patients may require additional or higher doses of one or
more of the premedications to reduce the risk of IRRs [see Warnings
and Precautions (5.1)].
CONTRAINDICATIONS
None.
WARNINGS AND PRECAUTIONS
Infusion-Related Reactions
Infusion-related reactions (IRRs) have been observed in patients
treated with ONPATTRO. In clinical studies, all patients received
premedication with a corticosteroid, acetaminophen, and
antihistamines (H1 and H2 blockers) to reduce the risk of IRRs.
In a controlled clinical study, 19% of ONPATTRO-treated patients
experienced IRRs, compared to 9% of placebo-treated patients.
Among ONPATTRO-treated patients who experienced an IRR, 79%
experienced the first IRR within the first 2 infusions. The frequency
of IRRs decreased over time. IRRs led to infusion interruption in 5% of
patients. IRRs resulted in permanent discontinuation of ONPATTRO in
less than 1% of patients in clinical studies. Across clinical studies, the
most common symptoms (reported in greater than 2% of patients)
of IRRs with ONPATTRO were flushing, back pain, nausea, abdominal
pain, dyspnea, and headache [see Adverse Reactions (6.1)]. One
patient in the ONPATTRO expanded access program had a severe
adverse reaction of hypotension and syncope during an ONPATTRO
infusion.
Patients should receive premedications on the day of ONPATTRO
infusion, at least 60 minutes prior to the start of infusion [see Dosage
and Administration (2.2)]. Monitor patients during the infusion
for signs and symptoms of IRRs. If an IRR occurs, consider slowing
or interrupting the ONPATTRO infusion and instituting medical
management (e.g., corticosteroids or other symptomatic treatment)
as clinically indicated. If the infusion is interrupted, consider resuming
at a slower infusion rate only if symptoms have resolved. In the case of
a serious or life-threatening IRR, the infusion should be discontinued
and not resumed.
Some patients who experience IRRs may benefit from a slower
infusion rate or additional or higher doses of one or more of the
premedications with subsequent infusions to reduce the risk of IRRs.
[see Dosage and Administration (2.2)].
Reduced Serum Vitamin A Levels and Recommended
Supplementation
ONPATTRO treatment leads to a decrease in serum vitamin A levels.
Supplementation at the recommended daily allowance of vitamin
A is advised for patients taking ONPATTRO. Higher doses than the
recommended daily allowance of vitamin A should not be given to try to

achieve normal serum vitamin A levels during treatment with ONPATTRO,
as serum vitamin A levels do not reflect the total vitamin A in the body.
Patients should be referred to an ophthalmologist if they develop
ocular symptoms suggestive of vitamin A deficiency (e.g.,
night blindness).
ADVERSE REACTIONS
Clinical Trials Experience
Because clinical studies are conducted under widely varying
conditions, adverse reaction rates observed in the clinical studies of
ONPATTRO cannot be directly compared to rates in the clinical studies
of another drug and may not reflect the rates observed in practice.
A total of 224 patients with polyneuropathy caused by hereditary
transthyretin-mediated amyloidosis (hATTR amyloidosis) received
ONPATTRO in the placebo-controlled and open-label clinical studies,
including 186 patients exposed for at least 1 year, 137 patients exposed
for at least 2 years, and 52 patients exposed for at least 3 years. In the
placebo-controlled study, 148 patients received ONPATTRO for up to 18
months (mean exposure 17.7 months).
Upper respiratory tract infections and infusion-related reactions were
the most common adverse reactions. One patient (0.7%) discontinued
ONPATTRO because of an infusion-related reaction.
Table 1: Adverse Reactions from the Placebo-Controlled Trial that
Occurred in at Least 5% of ONPATTRO-treated Patients and at Least
3% More Frequently than in Placebo-treated Patients
Adverse Reaction
Upper respiratory tract
infectionsa
Infusion-related reactionb
Dyspepsia
Dyspneac,d
Muscle spasmsc
Arthralgiac
Erythemac
Bronchitise
Vertigo

ONPATTRO
N=148
%
29

Placebo
N=77
%
21

19
8
8
8
7
7
7
5

9
4
0
1
0
3
3
1

Includes nasopharyngitis, upper respiratory tract infection, respiratory tract infection,
pharyngitis, rhinitis, sinusitis, viral upper respiratory tract infection, upper respiratory
tract congestion.
b
Infusion-related reaction symptoms include, but are not limited to: arthralgia or pain
(including back, neck, or musculoskeletal pain), flushing (including erythema of face or
skin warm), nausea, abdominal pain, dyspnea or cough, chest discomfort or chest pain,
headache, rash, chills, dizziness, fatigue, increased heart rate or palpitations, hypotension,
hypertension, facial edema.
c
Not part of an infusion-related reaction.
d
Includes dyspnea and exertional dyspnea.
e
Includes bronchitis, bronchiolitis, bronchitis viral, lower respiratory tract infection,
lung infection.
a

Four serious adverse reactions of atrioventricular (AV) heart block
(2.7%) occurred in ONPATTRO-treated patients, including 3 cases of
complete AV block. No serious adverse reactions of AV block were
reported in placebo-treated patients.
Ocular adverse reactions that occurred in 5% or less of ONPATTROtreated patients in the controlled clinical trial, but in at least 2% of
ONPATTRO-treated patients, and more frequently than on placebo,
include dry eye (5% vs. 3%), blurred vision (3% vs. 1%), and vitreous
floaters (2% vs. 1%).
Extravasation was observed in less than 0.5% of infusions in clinical
studies, including cases that were reported as serious. Signs and
symptoms included phlebitis or thrombophlebitis, infusion or
injection site swelling, dermatitis (subcutaneous inflammation),
cellulitis, erythema or injection site redness, burning sensation, or
injection site pain.
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
There are no available data on ONPATTRO use in pregnant women to
inform a drug-associated risk of adverse developmental outcomes.
ONPATTRO treatment leads to a decrease in serum vitamin A
levels, and vitamin A supplementation is advised for patients
taking ONPATTRO. Vitamin A is essential for normal embryofetal
development; however, excessive levels of vitamin A are associated
with adverse developmental effects. The effects on the fetus of a
reduction in maternal serum TTR caused by ONPATTRO and of vitamin
A supplementation are unknown [see Clinical Pharmacology (12.2),
Warnings and Precautions (5.2)].
In animal studies, intravenous administration of patisiran lipid
complex (patisiran-LC) to pregnant rabbits resulted in developmental
toxicity (embryofetal mortality and reduced fetal body weight) at
doses that were also associated with maternal toxicity. No adverse
developmental effects were observed when patisiran-LC or a rodent-

specific (pharmacologically active) surrogate were administered to
pregnant rats (see Data).
In the U.S. general population, the estimated background risk of major
birth defects and miscarriage in clinically recognized pregnancies is
2 to 4% and 15 to 20%, respectively. The background risk of major birth
defects and miscarriage for the indicated population is unknown.
Data
Animal Data
Intravenous administration of patisiran-LC (0, 0.15, 0.50, or 1.5 mg/
kg) or a rodent-specific (pharmacologically active) surrogate (1.5
mg/kg) to female rats every week for two weeks prior to mating and
continuing throughout organogenesis resulted in no adverse effects
on fertility or embryofetal development.
Intravenous administration of patisiran-LC (0, 0.1, 0.3, or 0.6 mg/kg)
to pregnant rabbits every week during the period of organogenesis
produced no adverse effects on embryofetal development. In a
separate study, patisiran-LC (0, 0.3, 1, or 2 mg/kg), administered to
pregnant rabbits every week during the period of organogenesis,
resulted in embryofetal mortality and reduced fetal body weight at
the mid and high doses, which were associated with maternal toxicity.
Intravenous administration of patisiran-LC (0, 0.15, 0.50, or 1.5 mg/
kg) or a rodent-specific surrogate (1.5 mg/kg) to pregnant rats every
week throughout pregnancy and lactation resulted in no adverse
developmental effects on the offspring.
Lactation
Risk Summary
There is no information regarding the presence of ONPATTRO in
human milk, the effects on the breastfed infant, or the effects on milk
production. The developmental and health benefits of breastfeeding
should be considered along with the mother’s clinical need for
ONPATTRO and any potential adverse effects on the breastfed infant
from ONPATTRO or from the underlying maternal condition.
In lactating rats, patisiran was not detected in milk; however, the
lipid components (DLin-MC3-DMA and PEG2000-C-DMG) were present
in milk.
Pediatric Use
Safety and effectiveness in pediatric patients have not been
established.
Geriatric Use
No dose adjustment is required in patients ≥65 years old [see Clinical
Pharmacology (12.3)]. A total of 62 patients ≥65 years of age, including
9 patients ≥75 years of age, received ONPATTRO in the placebocontrolled study. No overall differences in safety or effectiveness were
observed between these patients and younger patients, but greater
sensitivity of some older individuals cannot be ruled out.
Hepatic Impairment
No dose adjustment is necessary in patients with mild hepatic
impairment (bilirubin ≤1 x ULN and AST >1 x ULN, or bilirubin >1.0 to
1.5 x ULN) [see Clinical Pharmacology (12.3)]. ONPATTRO
has not been studied in patients with moderate or severe
hepatic impairment.
Renal Impairment
No dose adjustment is necessary in patients with mild or moderate
renal impairment (estimated glomerular filtration rate [eGFR] ≥30
to <90 mL/min/1.73m2) [see Clinical Pharmacology (12.3)]. ONPATTRO
has not been studied in patients with severe renal impairment or
end-stage renal disease.
Manufactured for: Alnylam Pharmaceuticals, Inc.
300 Third Street, Cambridge, MA 02142
By: Ajinomoto Althea, Inc.
11040 Roselle Street, San Diego, CA 92121
ONPATTRO is a trademark of Alnylam Pharmaceuticals, Inc.
© 2018 Alnylam Pharmaceuticals, Inc. All rights reserved.
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Summary
Treatment of psoriasis has changed dramatically with the introduction of biologic
agents which are effective for moderate to severe psoriasis. It is important to know
that psoriasis is not just a skin disease, has significant comorbidities, and impacts
mortality, particularly when severe. Systemic treatment should not be based just on
the amount of skin affected by the disease, but it should also be based on quality
of life impact.
Key Points
• Psoriasis is associated with major comorbidities (e.g., psoriatic arthritis,
cardiometabolic disease), especially with more severe disease.
• Biologic therapies with increased efficacy and possibly improved safety are
now available.
• Treatment selection is highly dependent on individual characteristics and
preferences.

PSORIASIS IS A SKIN DISEASE OF MULTIFACtorial origin with a systemic inflammatory component (Exhibit 1). It affects 2 to 4 percent of the adult
population (> 7 million in the U.S.).1 The rate is
higher in Caucasians (2.5%) than African Americans
(1.3%) in the United States, but African Americans
are more likely to have moderate to severe disease.2
Approximately 15 percent of those affected have
moderate disease and 5 percent have severe disease.3
Most patients with more severe psoriasis remain
poorly controlled for decades.
Typically, psoriasis has a chronic waxing and waning course and onset in the 20s to 30s. It can affect
any part of the skin, including the face, scalp, nails,
and genitals. Importantly, psoriasis is not always recognized and when recognized tends to be undertreated. There are estimated to be 600,000 to 3.6 million
people with undiagnosed psoriasis in the U.S.1

Exhibit 2 shows the various types of psoriasis.
Plaque psoriasis is the most common form of the
disease (80%) and appears as pink-to-red well-circumscribed plaques with thick, silvery scale. These
patches or plaques most often show up on the scalp,
knees, elbows, and lower back. They are often itchy
and painful and can crack and bleed. Guttate psoriasis is the second most common form of psoriasis and
appears as small, dot-like lesions. Inverse psoriasis
shows up as very red lesions in body folds, such as
behind the knee, under the arm, or in the groin.
It may appear smooth and shiny. Another type of
psoriasis elsewhere on the body is common with inverse psoriasis. Pustular psoriasis in characterized by
white pustules surrounded by red skin.
Psoriasis has a significant impact on quality of life
(QOL), which is similar to the impact of asthma,
chronic obstructive lung disease, or diabetes.4 The
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Exhibit 1: Psoriasis is a Multifactorial Disease

Genetics

Modifying factors/
triggers
(skin injury, infections,
medications, depression,
smoking, alcohol)

Immune
dysfunction

Environmental
risk factors
(e.g., obesity, smoking)

Exhibit 2: Clinical Manifestations of Psoriasis

Plaque Psoriasis

Guttate Psoriasis

Inverse Psoriasis

Pustular Psoriasis

Palmoplantar Psoriasis

Nail Psoriasis

QOL impact increases with severity, but the impact
can also be major when the hands and feet alone
are affected. Patients can have mild, moderate, or
severe disease which is often identified based on the
amount of body surface area (BSA) that is affected
(Exhibit 3). An alternative to identifying severity
is identifying candidates for localized therapy with
topicals versus systemic therapy with biologics or

phototherapy. Candidates for systemic therapy may
have one or more of the following features: more
than 3 to 5 percent of the BSA involved; involvement of vulnerable areas, including palms, soles,
face, scalp, nails, and genitals; significant impact
on QOL; failure of localized therapy; or concomitant psoriatic arthritis. Using these criteria better
identifies those patients most likely to benefit from
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Exhibit 3: Psoriasis Coverage and Severity

MILD

MODERATE

SEVERE

Less than 3%
of the body
has psoriasis

3% to 10%
of the body
has psoriasis

More than 10%
of the body
has psoriasis

1% equals surface area of the hand, including fingers

systemic therapy.
Pathologically, psoriasis is characterized by localized and systemic inflammation caused by defects
in T regulatory cells and upregulation of Th-1
and Th-17 cells, antigen-presenting cells, and cytokines. There is epidermal hyper-proliferation,
which is clinically appreciated as scaling and cracking and associated with increased serum uric acid
and oxidative stress levels, and angiogenesis, which
is associated with increased circulating vascular endothelial growth factor (VEGF). Greater than 40
different genes have been associated with the development of psoriasis.5
During the initiating phase of the disease, some
trigger (infection, injury to skin, allergen exposure) causes injury to the skin keratinocytes (Exhibit 4).6 Release of the cell contents triggers dendritic cells which release inflammatory cytokines.
As the process progresses, interleukins (IL-12, IL17, and IL-23) are all important cytokines in perpetuating the disease.
Importantly, psoriasis is more than a skin disease.
Given that it is a systemic inflammatory disease, it
is associated with comorbidities resulting from that
inflammation, including psoriatic arthritis, cardiometabolic disease, and others.
Psoriatic arthritis (PsA) occurs in about 11 percent of patients with psoriasis. Importantly, in one

trial, more than 10 percent of psoriasis patients seen
by dermatologists had undiagnosed PsA.7 It generally occurs after the onset of psoriasis, may be progressive, and can cause permanent joint damage.
The prevalence of PsA increases with increasing
severity of psoriasis; 14 percent of those with mild
disease have PsA, whereas 56 percent of those with
severe disease have PsA.8 PsA can present as oligoarthritis, symmetric polyarthritis, dactylitis, enthesitis, and mutilans. PsA is primarily a diagnosis of exclusion; the differential diagnosis includes
osteoarthritis, fibromyalgia, gout, and rheumatoid
arthritis. C-reactive protein and the number of
joints involved are markers of progression.
Those with psoriasis are also at higher risk for
cardiovascular disease, cardiometabolic syndrome,
and type 2 diabetes mellitus.9 Several genes associated with psoriasis are also associated with these
diseases. Obesity is also more common in those
with psoriasis and is an independent risk factor for
the same diseases.9 Smoking is also a risk factor for
psoriasis and heart disease. The pathology of psoriasis and cardiovascular disease is very interconnected. Th1/17 inflammation can lead to atherosclerosis, thrombosis, and adverse lipid metabolism.
Epidermal proliferation leads to increased uric acid
and oxidative stress which contributes to atherosclerosis. Angiogenesis can lead to endothelial dys-
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Exhibit 4: Targeted Treatment Approach Based on the Immunology of Psoriasis6

Chronic Disease

Early Disease
Triggers

Etanercept
Infliximab
Adalimumab

I

IL-12

+RNA

T17

IL-17F
IL-21
TNF
IFN-γ

Inflamatory
myeloid DCs IFN-γ
Th1, Tc1

III

Chemokines

IL-17A

IL-23

TNF

IFN-α/β

Ixekizumab
Secukinumab
Brodalumab

II

Mature
dermal Dcs

KCs

+DNA/RNA

Ustekinumab

Psoriasis

TNF
IL-22

PDCs

Myeloid DCs
IL-12

IL-23

Guselkumab
Tildrakizumab

TNF
Th22, Tc22

Amplification
feedback

Psoriasis

IV

DC = dendritic cells
PDC = plasmacytoid dendritic cells
KC = keratinocytes
TNF = tumor necrosis factor
IL = interleukin
T = T cell
TH = inflammatory T cells
IFN = interferon

function. The components of metabolic syndrome
(triglycerides, glucose, and obesity) all increase
with increasing BSA affected.10
Overall, those with severe psoriasis have about a
five-year loss of life compared with those without
the disease.11 Severe psoriasis increases risk of myocardial infarction (MI), stroke, cardiovascular (CV)
death, diabetes, and chronic kidney disease (Exhibit
5).12-17 The 10-year risk of a major adverse CV event
(MACE) attributable to psoriasis is 6 percent. Risk
of CV disease in patients with severe psoriasis is similar to the risk conferred by diabetes and rheumatoid arthritis. Psoriasis appears to be an independent
risk factor for CV but is not currently included as a
risk factor in CVD risk scoring systems. Other wellestablished comorbidities of psoriasis include mood
disorders (anxiety, depression), Crohn’s disease, and
T-cell lymphoma (rare).
The new approach to treating moderate to severe
psoriasis is to target the underlying immune pathology. Exhibit 4 shows where each of the targeted biologic therapies function.6 The treatment of psoriasis has
evolved from treating it as a disease of keratinocyte
dysfunction with phototherapy, retinoids, and methotrexate to an IL-23/Th17-mediated disease treated
with IL-12/IL-23, IL-23, and IL-17 inhibitors.

Mild psoriasis can be treated with topical agents.
Moderate to severe disease requires systemic therapy. The goal of therapy is clear or almost clear skin.
In clinical trials of psoriasis therapy, clear skin is the
achievement of a PASI 100 score and almost clear
skin is PASI 90 (90% clearance from baseline); this
scoring system is rarely used in clinical practice. Instead, the clinicians estimate the amount of the BSA
affected. The National Psoriasis Foundation treatment target is affected BSA less than 1 percent at
three months after treatment initiation and thereafter.19 In addition to the clearance of skin symptoms,
other goals of treatment include enhancing quality
of life, minimizing day-to-day psoriasis burden,
minimizing adverse events through individualization of therapy, minimizing comorbid disease burden, and maintaining patient involvement. Clear or
almost clear skin is associated with a better QOL
compared with lower levels of skin clearing.18
Based on data from individual clinical trials and
some head-to-head trials, the systemic agents can be
generally ordered as guselkumab > ixekizumab >
brodalumab > secukinumab > infliximab > adalimumab > tildrakizumab/ustekinumab > other antiTNF agents > methotrexate > apremilast in terms
of achieving the highest PASI 75 and PASI90 rates.
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Exhibit 5: Risk of Cardiometabolic Disease with Severe Psoriasis12-17

Outcome

Relative Risk (RR) Mild

RR Severe

MI

1.05

1.5

Stroke

1.06

1.4

CV Death

Not Done

1.6

Major adverse CV event
(MACE)

Not Done

1.5

1.11

1.5

0.99 (NS)

1.9

Diabetes
Chronic Kidney
Disease

Three of the newest agents (guselkumab, ixekizumab, brodalumab) have been shown in comparison
trials to be more effective than ustekinumab.20-23
Apremilast is a newer oral agent, which is a phosphodiesterase 4 inhibitor that is only modestly effective in those with moderate to severe psoriasis. It is
a good choice for patients who are needle phobic or
have fear of the more potent biologics.
It is important to note that the biologic agents,
as injectables/infusion and potent inhibitors of the
immune system, do have some unique adverse effects. Injection site or infusion reactions are the most
common adverse effects. Uncommon but serious
adverse effects include lymphoma and other malignancies and infections.
Access to biologics can be an issue. African American
Medicare beneficiaries with psoriasis and those without low-income subsidy insurance are 70 percent less
likely to receive biologics.24 There are similar gaps in
biologic use in other inflammatory diseases, including
rheumatoid arthritis and inflammatory bowel disease.
In the real-world setting, biologics are less effective in clinical trials in the percentage of patients
who achieve clear or almost clear skin. Nonadherence is likely the underlying cause.25, 26 Another
possible cause of lack of efficacy is underdosing in
those who are overweight or obese. Those with
overweight or obesity have a lower response rate
to standard doses of adalimumab and etanercept.27
This does not appear to be an issue with biologics, which are dosed based on weight. Additionally,
patients can have a loss of efficacy over time with
biologics; in one trial that included TNF inhibitors
and ustekinumab, 67 percent of patients discontinued therapy because of lack of efficacy.28

The presence of comorbidities can affect the selection of biologics. When PsA is present, TNF inhibitors are the gold standard treatment because they have
been shown to prevent joint damage. Ustekinumab
and apremilast are FDA approved for PsA but do not
appear to be as effective. Secukinumab is also FDA
approved and appears to be as effective as TNF inhibitors. Other comorbidities which impact therapy
selection include heart failure and multiple sclerosis
(TNF inhibitors), inflammatory bowel disease (IL17 inhibitors), and depression (brodalumab).
It is not yet known definitively if psoriasis therapy prevents cardiovascular disease (CVD). TNF
inhibitors and methotrexate are both associated
with reduced risk in those with rheumatoid arthritis.29 In PsA and psoriasis, limited evidence suggests that systemic therapies are associated with a
decrease in all CV event risk.29 There are a few
randomized trials ongoing examining the effect of
biologics on CVD in psoriasis.
Conclusion

Psoriasis is associated with major comorbidities (e.g.,
psoriatic arthritis, cardiometabolic disease), especially with more severe disease. Treatment options
for moderate to severe psoriasis have rapidly expanded largely due to biologic therapies with increasing
efficacy and possibly improved safety. Treatment selection is highly dependent on individual characteristics and preferences.
Junko Takeshita, MD, PhD, MSCE, is an Assistant Professor of Dermatology and Epidemiology and Senior Scholar in the Center for Clinical
Epidemiology and Biostatistics at The Perelman School of Medicine at
the University of Pennsylvania.
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Summary
It is an exciting time to be managing patients with advanced or Stage IV non-small
cell lung cancer (NSCLC). There have been many different advances in therapy with
biomarker targeted agents and immunotherapy which are producing long-term survival in these patients with very advanced, metastatic disease. Additionally, the
newer agents are better tolerated than traditional chemotherapy, enabling them to
improve the quality of life of patients.
Key Points
• Treatment has dramatically changed over the past five years, and it continues to
rapidly evolve.
• Several of the newer targeted therapies, including immunotherapy, have moved
into first-line treatment for Stage IV and, in some cases, Stage III disease.
• Long-term survival is possible for some patients with Stage IV NSCLC.

IN THE UNITED STATES (U.S.), 1.7 MILLION
people were diagnosed with cancer in 2016. Currently, two out of three people with cancer will live
at least five years after diagnosis. Numerous new
therapies are now available for cancers, which all
provide some improvement in survival. Between
November 2015 and October 2016, the FDA approved 20 therapies for 12 different types of cancer.
In 2016 alone, the FDA approved immune therapies
for the following cancers: Hodgkin’s lymphoma,
advanced lung, kidney, bladder, and head/neck.
Overall, the FDA has approved 15 indications for
immune therapies in the past five years. Thus, the
treatment of cancer is changing rapidly.
Non-small cell lung cancer (NSCLC) is one of the
cancers for which treatment has dramatically changed,
especially in the advanced/metastatic setting. Multiple changes in the treatment of Stage IV NSCLC
have occurred. Precision cancer medicine, treatment

planning based on detection of driver mutations, has
come to lung cancer treatment. The era when all
patients with a specific type of cancer (lung, colon,
and breast) were treated in a similar fashion is rapidly coming to an end. Sensitizing somatic mutations
(EGFR, ALK translocation, ROS-1) were identified.
An EGFR inhibitor targeting the most common
cause of therapy resistance (T790M), osimertinib, has
come to market. There are also now new first-line
ALK inhibitors – alectinib and ceritinib. Immune
checkpoint therapy with anti-programmed death one
(PD-1) or anti-programmed death ligand one (PDL1) inhibitors have been approved in this disease. Exhibit 1 shows how much the treatment evolution of
advanced NSCLC has changed survival.
Exhibit 2 shows the percentage of NSCLC cases with genetic mutations. First-line therapies for
NSCLC based on molecular testing have been FDA
approved for EGFR, ALK, ROS-1, and BRAF-
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Exhibit 1: Survival With Stage IV NSCLC First Line Therapies

1980

No Treatment

4 - 5 months

1990

Platinum Doublets

9 months

2000

Platinum Doublets ± Bevacizumab

12 months

2010

Tyrosine Kinase Inhibitor for tumor with
EGFR Sensitizing Mutations

24 Months

2017

Immune Therapy

30+ Months

Exhibit 2: Gene Mutations and Frequency in NSCLC

• KRAS: 25%

• BRAF: 2% - 3%

• EGFR: 15%

• HER2: 2% - 3%

• ALK: 3% - 5%

• RET: 1% - 2%

• ROS-1: 1% - 2%

• NTRK: 1%

• MET: 3%

V600E mutations and PD-L1 expression greater
than 50 percent. About 36 percent of cases have no
actionable mutations and 25 percent have KRAS
mutations for which there are not yet FDA approved
options. A goal of the American Society of Clinical
Oncology (ASCO) is to have every cancer center in
the U.S. provide all patients the opportunity to have
their cancer extensively characterized for mutations
and other molecular abnormalities through nextgeneration sequencing.
Hybrid capture-based next-generation sequencing (NGS) is one way to identify cancer driving
genetic mutations and can identify more patients
with clinically actionable genetic alterations than
other types of genetic tests. In one trial of 101 patients with advanced NSCLC who had negative or
inconclusive EGFR or ALK testing by other methods, NGS identified clinically actionable genomic
alterations in 50 percent of patients.1 EGFR mutations were found in 18 percent, RET in 9 percent,
ALK in 8 percent, MET in 6 percent, and HER-2
in 5 percent. Fifteen patients had EGFR or ALK
mutation identified after prior negative testing. The

treatment strategy was changed in 43 patients with
an overall response rate (ORR) of 65 percent. Importantly, NGS identifies actionable genomic alterations missed with non-NSG tests and uses less tissue compared to profiling with multiple non-NGS
tests.2 Hybrid capture-based NGS detects amplifications and fusions, plus mutations.
Another area of progress in cancer treatment is
liquid biopsies, which use blood samples to identify both genetic and epigenetic aberrations in cellfree DNA (cf DNA) shed by tumor cells.3 Liquid
biopsy is a noninvasive, adverse effect free way to
systematically track genomic changes compared to
tissue biopsies. It is also faster to get results back
than NGS. These are being investigated in many
cancers, including EGFR-mutated tumors. A barrier to the use of liquid biopsy is that not all tumors
shed DNA.4 As shown in Exhibit 3 , liquid biopsies
have the best sensitivity for detecting mutations.5 A
trial examining the use of liquid biopsies in metastatic NSCLC found sensitivities ranging from 64
percent to 82 percent, depending on the mutation
being identified.6
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Exhibit 3: Methodologies for Detecting Tumor Mutations5

Technique

Sensitivity

Optimal Application

Sanger sequencing

> 10%

Tumor tissue

Pyrosequencing

10%

Tumor tissue

Next-generation sequencing

2%

Tumor tissue

Quantative PCR

1%

Tumor tissue

ARMS

0.10%

Tumor tissue

BEAMing, PAP, Digital PCR,
TAM-Seq

0.01% or lower

ctDNA, rare variants in tumor tissue

One advance in treatment of EGFR-mutated NSCLC is a treatment for disease resistant to
first-generation tyrosine kinase inhibitors (TKIs).
T790M is the most common acquired resistance
mutation to TKI therapy. Osimertinib (Tagrisso®)
significantly improves median progression-free survival (PFS) in those with tumors with the T790M
mutation that had progressed on TKI compared
with platinum-based chemotherapy regimens (10.1
vs. 4.4 months).7 The oral TKIs are much better tolerated agents than chemotherapy. Osimertinib recently moved into the first-line setting for advanced
EGFR-mutated disease based on a trial comparing
it to gefitinib and erlotinib. In this trial, osimertinib
treatment improved PFS by 8.7 months.8 Additionally, this agent crosses the blood-brain barrier and is
effective for brain metastases, whereas chemotherapy is not very effective in this case.
ALK translocations are another common mutation
in NSCLC. ALK inhibitors that are FDA approved
for first-line therapy include crizotinib (Xalkori®),
ceritinib (Zykadia®), and alectinib (Alecensa®). Alectinib compared to crizotinib produced a better PFS
of 25.7 months compared to 10.4 months.9 Brigatinib
(Alunbrig®) is approved for second-line therapy and
lorlatinib is an investigational ALK inhibitor. ALK
inhibitors improve median overall survival (OS) and
PFS in those with ALK translocations. These agents
are also very effective for brain metastases in ALKtranslocated NSCLC compared with chemotherapy.
The last therapeutic improvement in NSCLC treatment
was the introduction of immunotherapy. Nivolumab
(Opdivo®) and pembrolizumab (Keytruda®), anti-PD-1
monoclonal antibodies, and atezolizumab(Tecentriq®)

and durvalumab (Imfinzi®), anti PD-L1 monoclonal
antibodies, are FDA approved checkpoint inhibitors for
advanced NSCLC. These agents basically activate T
cells to attack the cancer cells, but they are most effective
against tumors which express PD-L1. On February 16,
2018, durvalumab was FDA approved for patients with
unresectable Stage III NSCLC whose disease has not
progressed following concurrent platinum-based chemotherapy and radiation therapy because it improved
PFS compared to no maintenance therapy. All the other
approved immunotherapies for NSCLC are for Stage IV
disease. Avelumab (Bavencio®), another anti PD-L1, is
currently only FDA approved for metastatic Merkel cell
carcinoma but is being studied in NSCLC. Compared
with platinum-based chemotherapy, which causes more
adverse effects, pembrolizumab treatment improved PFS
by 3.7 months.10 Based on this trial, pembrolizumab was
approved for first-line therapy in Stage IV NSCLC with
50 percent or more expression of PD-L1. Tumors with
greater levels of mutations are more likely to respond to
immunotherapy, but responses to immunotherapy are
also seen in the medium mutational group.11 Overall,
checkpoint inhibitors have become first-line therapy for
metastatic NSCLC.
Long-term survival with Stage IV NSCLC is
now possible with targeted therapy and immunotherapy. Five-year survival with EGFR-mutated lung adenocarcinoma treated with TKIs
is 14.6 percent.12 In EGFR TKI sensitive disease
with brain metastases, patients treated with radiation first and then a TKI had a median survival
of 46 months.13 In patients with ALK- translocated
NSCLC and brain metastases treated with brain radiation and TKI, a median survival of 49.5 months
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Exhibit 4: Overall Survival (OS) with Nivolumab in Previously Treated NSCLC16

All Doses
(n = 128)

3mg/kg
(n = 37)

9.9 months

0

1 Year (%)

42

56

2 Year (%)

24

42

3 Year (%)

18

27

Median OS

was seen.14 In the alectinib first-line therapy studies
in ALK-positive NSCLC, the three-year PFS was
62 percent and the three-year OS was 78 percent.15
Amazingly, in this study, 14 patients had brain metastases at baseline and six remain on study without progression.15 Similarly, great long-term results
are seen with immunotherapy (Exhibit 4).16 The
estimated five-year and beyond survival rate after
pembrolizumab treatment as second-line or greater
treatment is 21 to 25 percent compared to 5 percent with docetaxel treatment.17

2017;12(9):1344-56.
5. Diaz LA Jr, Bardelli A. Liquid biopsies: genotyping circulating tumor DNA.
J Clin Oncol. 2014;32(6):579-86.
6. Sacher AG, Paweletz C, Dahlberg SE, et al. Prospective validation of rapid
plasma genotyping for the detection of EGFR and KRAS mutations in advanced lung cancer. JAMA Oncol. 2016;2(8):1014-22.
7. Mok TS, Wu Y-L, Ahn M-J, et al. Osimertinib or platinum-pemetrexed in
EGFR T790M-positive lung cancer. N Engl J Med. 2017;376(7):629-40.
8. Soria JC, Ohe Y, Vansteenkiste J, et al. Osimertinib in untreated EGFR-mutated advanced non-small-cell lung cancer. N Engl J Med. 2018;378(2):113-25.
9. Peters S, Camidge DR, Shaw AT, et al. Alectinib versus crizotinib in untreated
ALK-positive non-small-cell lung cancer. N Engl J Med. 2017;377(9):829-38.

Conclusion

Treatment of Stage IV NSCLC has changed dramatically in the past five years. Osimertinib has
moved to first-line treatment for EGFR-mutated
NSCLC. Alectinib is first-line treatment of ALKmutated NSCLC. Durvalumab has been FDA approved for Stage III NSCLC following chemotherapy and radiation. Immunotherapy is moving into
first-line therapy in selected NSCLC cases. Longterm survival with Stage IV NSCLC treated with
targeted therapy or immunotherapy is now being
observed in selected cases.

10. Reck M, Rodríguez-Abreu D, Robinson AG, et al. Pembrolizumab versus
chemotherapy for PD-L1-positive non-small-cell lung cancer. N Engl J Med.
2016;375(19):1823-33.
11. Johnson DB, Frampton GM2, Rioth MJ, et al. Targeted next generation
sequencing identifies markers of response to PD-1 blockade. Cancer Immunol
Res. 2016;4(11):959-967.
12. Lin JJ, Cardarella S, Lydon CA, et al. Five-year survival in EGFR-mutant
metastatic lung adenocarcinoma treated with EGFR-TKIs. J Thorac Oncol.
2016;11(4):556-65.
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Summary
Drug therapy for pulmonary arterial hypertension (PAH) can delay the time to disease worsening and improve functional capacity. Guidelines are now supporting
the use of combination therapy early in the disease process to improve overall outcomes. Although still a fatal disease, there is now hope for these patients.
Key Points
Connective tissue disease is most common risk factor for PAH.
Patients with scleroderma should be screened annually for PAH.
Right heart catheterization is required for diagnosis.
Guidelines now recognize evolving evidence in support of combination PAH drug
therapy.
• Expense necessitates reducing hard endpoints, such as hospitalization.
•
•
•
•

PULMONARY HYPERTENSION (PH) IS ELEvated pressures within the lungs and is defined as
a mean pulmonary artery pressure greater than or
equal to 25 mm Hg at rest during right heart catheterization. It can be divided into five groups: pulmonary arterial hypertension (PAH), pulmonary
venous hypertension, PH in association with hypoxemia, PH in association with chronic thromboembolic disease (CTEPH), and those with miscellaneous causes.1
Pulmonary arterial hypertension (PAH), the focus
of this article, is a subset of PH characterized by the
presence of precapillary PH, including an end-expiratory pulmonary arterial wedge pressure (PAWP)
less than or equal to 15 mm Hg and pulmonary vascular resistance (PVR) greater than 3 Wood units. A
rare disease, it can be idiopathic, heritable, or related
to drugs and toxins, collagen vascular disease (e.g.,

scleroderma), HIV, portal hypertension, or congenital heart disease.1 Methamphetamine and diet drugs
(phentermine) are the most common drug-associated causes of PAH. Adults who had a congenital
heart malformation repair as infants can sometimes
present later in life with PAH for reasons which are
not entirely clear. As shown in Exhibit 1, the most
common etiology of PAH in the Registry to Evaluate Early and Long-term PAH Disease Management
(REVEAL) is connective tissue disease.2 Of those
with connective tissue disease and PAH, more than
half have scleroderma.
Approximately 20 percent of patients with idiopathic PAH and 70 percent of patients with heritable
PAH have a mutation in the bone morphogenetic
protein receptor type 2 (BMPR2), and additional
genes associated with HPAH have been identified.
The lifetime risk of developing PAH is approxi-
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Exhibit 1: Etiology of Associated Causes of PAH2
Connective Tissue
Disorders,
50%

Other,
5.5%
HIV,
4%

Drugs/Toxins,
10.5%

Portopulmonary
Hypertension,
11%
Congenital
Heart Disease,
20%
N=1,280 patients with PAH in REVEAL registry.

Exhibit 2: Progression of PAH

Pre-symptomatic/
Compensated

Symptomatic/
Decompensating

Declining/
Decompensated

CO
Symptom Threshold

PAP

Right Heart
Dysfunction

PVR
Time
CO = Cardiac output
PAP = pulmonary arterial pressure
PVR = pulmonary vascular resistance

mately 20 percent in BMPR2 mutation carriers.
The benefits of genetic testing in family members of
those with PAH are not certain. A negative test in
the context of a known mutation in a family member is reassuring, whereas a positive test can create
significant psychological issues. Additionally, the
approach to monitoring known mutation carriers
for the development of PAH is not clear.
PAH is a lethal disease that results in the destruc-

tion of the pulmonary vasculature over time. As the
zpulmonary vasculature is damaged, PVR increases. The heart has to generate a higher pressure to
keep up with the higher PVR; this leads to right
heart hypertrophy and compensation. Ultimately,
there is a point when the resistance is so high, that
cardiac output declines. Exhibit 2 shows how the
disease progresses from asymptomatic to right heart
dysfunction and failure.
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Exhibit 3: General Measures in PAH5

• Patients should avoid pregnancy
• Immunize patients against influenza and pneumococcal infections
• Encourage participation in a structured physical rehabilitation program
• Psychosocial support should be offered
• Consider O2 administration for patients in WHO FC III and IV or those
with PaO2 < 60 mm Hg when traveling by airplane
• Epidural or local anesthesia should be considered for surgical
procedures if possible over general anesthesia

WHO = World Health Organization
FC = functional class
PaO2 = partial pressure of oxygen in arterial blood

Exhibit 4: Targets for Current or Emerging Therapies in PAH
Prostacyclin Pathway
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and
Antiproliferation

sGC Stim
Nitric Oxide

Endothelin-1
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Receptor
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Receptor A

Endothelin
Receptor B

Vasoconstriction
and
Proliferation

Certain patients should be screened for PAH;
this includes those with risk factors such as scleroderma, HIV, or a history of implicated drug use.
Patients with scleroderma are at very high risk and
thus should be screened annually.3,4 A two-step
process can be used in those with scleroderma and
scleroderma-related conditions; initially the patient
is checked for telangiectasias and has some testing
for anti-centromere antibodies, right-axis deviation
on ECG, low diffusing capacity of the lungs for carbon monoxide (DLCO), and low N-terminal pro-

cGMP

Exogenous
Nitric Oxide

Phosphodiesterase
Type-5
Phosphodiesterase
Type-5 Inhibitors
Vasodilatation
and
Antiproliferation

B-type natriuretic peptide. If step one is positive,
echocardiography followed by right heart catheterization (RHC) should be done.
PAH can only be diagnosed by RHC.3,5 During
the RHC, various measurements including pulmonary pressures, cardiac output, and pulmonary
vascular resistance will be obtained, along with response to acute vasodilator testing. The RHC must
be well done and interpreted correctly for an accurate diagnosis. There is a tendency during the procedure to just measure pressures and skip measur-
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Exhibit 5: 2015 ESC/ERS Guidelines5
Low or intermediate risk
(WHO FC II-III)

Initial
monotherapy*

High risk
(WHO FC IV)

Initial oral
combination

Patient already
on treatment

Inadequate clinical
response

Initial combination
including IV
prostacyclin

Consider referral for
lung transplantation

Double or triple sequential combination

Inadequate clinical response

Consider listing for lung transplantation

*Note: Initial combination with ambrisentan plus tadalafil has proven
to be superior to monotherapy in delaying clinical failure.

ing cardiac output. Other testing will be needed to
identify the etiology, if possible. For example, ventilation perfusion tests can identify chronic thromboembolic disease. Functional testing will also be
done to determine how affected the patient’s activity of daily living are.
The goals of PAH treatment are to reduce symptom burden, avoid hospitalization, minimize treatment burden, improve survival, and avoid lung
transplantation. General treatment measures for
PAH are given in Exhibit 3. Avoiding pregnancy
is especially important in women with PAH; there
is a 50 percent mortality rate for both mother and
fetus. Additionally, many of the medications are also
teratogenic.
Pharmacologic treatment of PAH targets vasoconstriction or smooth muscle proliferation via
three pathways - endothelin, prostacyclin, and nitric oxide (Exhibit 4). Endothelin is a powerful vasoconstrictor and leads to smooth muscle cell proliferation. Endothelin receptor antagonists (ERA)
work by blocking receptors on the endothelium
and vascular smooth muscle. The available agents
are bosentan (Tracleer ®), ambrisentan (Letairis®),
and macitentan (Opsumit®). The prostacyclin pathway is affected by synthetic prostacyclin analogues
(epoprostenol, treprostinil, and iloprost) and the
selective non-prostanoid prostaglandin I2 receptor
(IP) receptor agonists (selexipag [Uptravi®]) which

provide prostacyclin-like activity with vasodilation,
platelet inhibition, anti-proliferative effects, and
inotropic effects. The nitric oxide pathway, which
is deficient in those with PAH, is targeted by phosphodiesterase-5 (PDE-5) inhibitors [sildenafil (Revatio®), tadalafil (Adcirca®)] and the soluble guanylate cyclase stimulators [riociguat (Adempas®)]. All
of the agents, except epoprostenol and iloprost, are
available as oral agents. The two exceptions have to
be given intravenously or by inhalation.
The agents FDA approved for PAH have been
shown to delay the time to clinical worsening or
death. These agents also decrease the hospitalization rates and slow the decline in functional class.
Combination therapy, targeting two or more pathways, results in improved outcomes compared with
monotherapy.6, 7
Evidence-based guidelines are available to guide
therapy selection in PAH. Patients with low or intermediate risk (World Health Organization Functional Class II – III, WHO FC) can receive either
monotherapy, or should receive an initial combination with ambrisentan plus tadalafil because this
combination has proven to be superior to monotherapy in delaying clinical failure (Exhibit 5).5 Those
at high risk will require intravenous prostacyclin in
combination with another class. Inadequate response
to therapy should lead to combination therapy and
referral for lung transplantation.
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Drug therapy is “for life” because it is just treatment and not a cure; it is also expensive. Combination therapy increases drug expenses, and there
needs to be hard endpoints that get measured to
justify the cost of combinations. One opportunity
to reduce total costs of care is to reduce hospitalizations. Reduction in hospitalizations with combination therapy may offset drug outlay. One trial
found that over 50 percent of hospitalizations in
a group of recently diagnosed PAH patients were
directly attributable to PAH.8 Patients with PAHrelated hospitalizations have reduced survival compared with those hospitalized for other reasons. In
one trial, macitentan treatment reduced the risk
of all-cause hospitalization by 19 percent and by
32 percent in the 3 and 10 mg daily dosing arms
compared to placebo.9 Risk of PAH-related hospitalizations were reduced by 43 percent (p=0.0005)
and 52 percent (p<0.00001) respectively in the two
treatment arms.
In a health economic analysis, pharmacy costs
were higher for PAH, but treatment reduced inpatient costs and the total cost of care.10 Starting with
an initial dual combination therapy costs more in
total costs the first two years of therapy, but is equal
to total costs for monotherapy after that point.11
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Summary
Treatment of head and neck cancer squamous cell cancer with immunotherapy is
moving forward at a rapid pace. Immunotherapy is now used for recurrent or metastatic disease but will likely be moving into earlier lines of therapy. Improvements
in survival, especially in a select group of patients who have long-term benefit, are
being seen.
Key Points
• Immunotherapy is an effective, established therapy for recurrent/metastatic
HNSCC.
• It will likely be used in earlier stages of disease in the future.
• Immunotherapy toxicity needs to be detected and managed early.
• Biomarkers are not part of standard management in HNSCC; however, they likely
will be in the future.

THE MAJORITY OF CASES OF HEAD AND
neck cancer are squamous cell disease (HNSCC).
Smoking and human papillomavirus (HPV) infection are the two major causes of head and neck cancer. Smoking has been a known risk factor for many
years; however, HPV was only discovered as a risk
factor in the past few decades. Cancers caused by
smoking tend to have a higher tumor mutational
burden than those caused by HPV.1
HNSCC tumors, especially the HPV-positive
subtype, have the ability to avoid immune system
detection by a couple of mechanisms. The HPVpositive tumors can express programmed death-ligand 1 (PD-L1), which is an immune system regulator.2 The immune system has checks and balances
where it can attack foreign objects and then shut it-

self off so it does not destroy the host or self. Checkpoint regulators like programmed death 1 (PD-1)
and PD-L1 are the brakes on the immune system.
Another mechanism of tumors evading immune
system attack is turning on regulatory T cells in the
tumor microenvironment which turn off the immune system. Macrophages are also always in the
tumor microenvironment and can switch their phenotype to become immunosuppressive. The majority of macrophages found in HNSCC are immunosuppressive ones (M2).3 The more of these M2s
present, the worse the prognosis for the patient.
Immunotherapy, which reactivates the immune
system to recognize and attack tumors, has become
a mainstay therapy in refractory or metastatic HNSCC. Immune checkpoint inhibitors, which target
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Exhibit 1: PD-1 Inhibitor and Anti-KIR Combination in HNSCC
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KIR = killer cell immunoglobulin-like receptor
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PD-1 = programmed death one
PD-L1 = programmed death one ligand

PD-1 and are approved for treating advanced disease, are pembrolizumab (Keytruda®) and nivolumab (Opdivo®).
Until recently, the majority of the data about using immunotherapy in HNSCC came from singlearm trials. Anti–PD-1 or anti-PD-L1 monotherapy
has consistent, effective, single-agent activity in
metastatic HNSCC.4,5 Responses are being seen
in patients who have failed all standard therapy. In
some patients, there is a very durable response (3 to
5 years), which contrasts significantly with chemotherapy outcomes. Pembrolizumab was FDA approved in 2016 for recurrent/metastatic HNSCC
with disease progression on or after platinum-based
treatment. Compared with methotrexate, docetaxel, or cetuximab, it improves median overall survival
(OS, 8.4 months vs 7.1 months) and one-year survival (37.3% vs 27.2%). 6 In patients with disease refractory to platinum-based chemotherapy, nivolumab
treatment results in an improvement in median OS
(7.7 months vs 5.1 months with investigator’s choice
of therapy).7 This trial saw a significant increase in
one-year survival (34% vs 19.7%), which has previously been unheard of in HNSCC trials. Nivolumab
was also FDA approved in 2016 for the same indication as pembrolizumab. In refractory or metastatic
HNSCC, a 15 to 20 percent response rate is seen
with PD-1 inhibitor treatment. As noted, some patients have a very durable response. Nivolumab and
pembrolizumab appear to have similar efficacy and
adverse effects (which are discussed later).

The patients who benefit from immunotherapy
are those whose immune system has previously
detected the cancer, but the cancer has adapted to
avoid immune system detection. PD-L1 expression
by tumors is one way to predict response to immunotherapy. For those with greater than 1 percent
expression, the median OS was 8.7 months compared with 5.7 months in those with less than 1 percent expression. For those with PD-L1 greater than
50 percent, survival was even better (11.6 months).
Almost half of the treatment population (metastatic
disease refractory to platinum) with PD-L1 expression greater than 50 percent was alive at one year.
Thus, picking the right patient and putting them on
the right drug can result in dramatic benefit. Positive impact on survival has also been seen when giving immunotherapy as third-line therapy.
PD-L1 inhibitors are also effective in HNSCC,
but they are not yet FDA approved for this indication. Durvalumab (Imfinzi®) is one which has been
studied and has shown a 15 to 20 percent response
rate. It is currently approved for non-small cell lung
cancer and urothelial cancer.
Importantly, immunotherapy causes lower rates
of and very different adverse effects than chemotherapy. In one trial, almost 60 percent of patients
who received nivolumab had an adverse effect, with
13 percent having a serious (Grade 3 or 4) reaction
compared with 77.5 percent and 35 percent of those
receiving chemotherapy, respectively.7 Grade 3 or 4
reactions require health care provider intervention
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Exhibit 2: Effect of IDO1 Enzyme on Tumor Microenvironment
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(such as hospitalization or systemic therapy). Fatigue, nausea, diarrhea, and anemia were the most
common adverse effects of immunotherapy. Immune- related adverse events (IRAEs) caused by
attack of the immune system on self occur in about
13 percent of patients; reactions in the lung (pneumonitis), skin (dermatitis), gastrointestinal tract
(colitis), and endocrine system (thyroiditis) are the
most common IRAEs, but they can occur in any
body system. Clinicians need to be aware of these
reactions and inform patients how to recognize
them and when to seek help. Early identification
and management can prevent the adverse effects
from becoming Grade 3 or 4.
Combining immunotherapies with different
mechanisms is also promising therapy for HNSCC.
Nivolumab and lirilumab (an anti-KIR monoclonal
antibody) are being studied in combination (Exhibit
1). KIR is killer-cell immunoglobulin-like receptor. Lirilumab, a fully human IgG4 monoclonal
antibody, blocks inhibitory KIRs on natural killer
(NK) cells and promotes NK-cell activation and tumor cell death.8 HNSCC tumors have high infiltration of NK cells and KIR gene expression, suggesting that KIR blockade with lirilumab may enhance
antitumor activity of nivolumab in patients with
SCCHN.9 In preclinical models, addition of an antiKIR agent potentiates the efficacy of nivolumab.10

Overall response rates to the combination of 23.1
percent, compared with 13 percent for nivolumab
alone, have been seen. A similar safety profile to that
observed with nivolumab alone has been seen.
In addition to immune checkpoint inhibition of
T-cell activation, tumors can evade immune surveillance through upregulation of the indoleamine
2, 3-dioxygenase one (IDO1) enzyme (Exhibit
2). IDO1, an important regulator of regulatory T
cells, is an interferon gamma-induced, intracellular enzyme that catalyzes the first and rate-limiting
step of tryptophan degradation in the kynurenine
pathway.11 Depletion of tryptophan and production
of kynurenine and other metabolites shifts the local immune microenvironment to an immunosuppressive state.12 Epacadostat is a potent and specific
oral inhibitor of IDO1 which augments immune
surveillance in the tumor microenvironment. Combining epacadostat with a checkpoint inhibitor may
improve patient outcomes; it is being studied in
combination with pembrolizumab. Preliminary results from one trial are shown in Exhibit 3.13
When combination immunotherapy was first proposed, there was a fear that combining immunotherapy agents would lead to a dramatic increase in
IRAEs. At least in the trials of combination therapy
thus far, the rate of IRAEs has not been any higher.
Another emerging therapy is targeting intratu-
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Exhibit 3: Overall Response Rates with Epacadostat in Combination
with Pembrolizumab in Metastatic or Recurrent HNSCC13
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moral suppression of anti-tumor t-cell responses.
This includes inhibiting signal transducer and activator of transcription three (STAT3), which broadly
modulates immune system function and contributes
to immunosuppressive tumor microenvironment,
and C-X-C motif chemokine receptor 2 (CXCR2),
which modulates marrow myeloid cell release.
Agents that inhibit STAT3 and CXCR2 are being
combined with PD-L1 inhibitors. AZD9150 with
durvalumab is one example which led to a higher
than expected response rate compared with singleagent therapy. Adverse effects of AZD9150 include
reversible thrombocytopenia and transaminitis.
This is an oligonucleotide which is metabolized in
the liver, so liver inflammation is not unexpected.
STAT3 is also vital for the health of platelets, which
is why thrombocytopenia occurs.
There are large ongoing trials of various immunotherapy regimens, including durvalumab and tremelimumab, a cytotoxic T-lymphocyte associated pro-

tein four (CTLA-4) inhibitor, as first-line therapy.
CTLA-4 is another immune checkpoint. First-line
pembrolizumab is being studied in combination
with chemotherapy. First-line nivolumab combined
with ipilimumab, an already FDA approved CTLA4 inhibitor, is being compared to standard chemotherapy.
Radiotherapy, in combination with immunotherapy, is also being studied in the locally advanced disease setting because there are potential mechanisms
of synergy.14 For example, radiation causes cancer
cells to express cell surface markers that can be detected by the immune system.
The current approach to patient selection for
immunotherapy is the use of PD-L1 expression.
Although PD-L1 tumor status is not the best biomarker, expression has been shown to impact immunotherapy outcomes. Importantly, not all PD-L1
positive patients benefit, and there are clearly biomarker negative patients who benefit. Efficacy of
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anti-PD-1 immunotherapy in biomarker negative
patients with refractory or metastatic disease appears
equivalent to standard of care; an exception may be
rapidly growing disease.
Gene expression and mutational burden are also
being examined as biomarkers for immunotherapy
response. Better biomarkers are likely necessary, as
these agents move into first- line therapy. Biomarkers are still emerging and being defined for combination immunotherapy.

that controls immune suppression. Nature. 2016;539(7629):437-42.
4. Seiwert TY, Burtness B, Mehra R, et al. Safety and clinical activity of pembrolizumab for treatment of recurrent or metastatic squamous cell carcinoma of
the head and neck (KEYNOTE-012): an open-label, multicentre, phase 1b
trial. Lancet Oncol. 2016;17(7):956-65.
5. Bauml J, Seiwert TY, Pfister DG, et al. Pembrolizumab for platinum- and
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6. Cohen EE, Harrington KJ, Le Tourneau C, et al. Pembrolizumab (pembro)
vs standard of care (SOC) for recurrent or metastatic head and neck squamous
cell carcinoma (R/M HNSCC): Phase 3 KEYNOTE-040. Ann Oncol. 2017; 28

Conclusion

(suppl_5): v605-v649.

Immunotherapy now has an established place in the
treatment of recurrent or metastatic HNSCC, and
it is less toxic than chemotherapy. Current studies
are evaluating immunotherapy in earlier stages of
disease, in combination with other immune modulators, and in the context of standard chemotherapy
and radiation. The rule of thumb for immunotherapy toxicity is to detect and manage early. Biomarkers are not yet part of standard management in HNSCC, but they are coming.
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Summary
Human immunodeficiency virus (HIV) infection has become a chronic disease with
multiple highly effective antiretroviral regimens available. Patients live with this
infection for many years and need continuing care to remain on their medications
and to manage the comorbidities which develop from both the disease and the
treatment.
Key Points
• Multiple highly effective regimens are available for first-line therapy.
• Integrase inhibitors, plus two nucleoside reverse transcriptase inhibitors (NRTIs),
are standard-of-care.
• Treatment failure is almost always due to nonadherence, and drug resistance is
less common.
• Multiple limitations exist, including retention in care and interruptions in therapy.
• Subtle, but perhaps cumulative toxicities, remain and comorbidities are common.
• HIV expertise is needed to manage both antiretroviral therapy (ART) and
comorbidities.

MORE THAN 1.2 MILLION PEOPLE IN THE
United States (U.S.) are living with human immunodeficiency virus (HIV) infection. In 2015, there
were approximately 39,500 new diagnoses. 1 The
good news is that there was a 19 percent decline in
new HIV diagnoses from 2005 to 2014.1 Because
HIV testing has remained stable or increased in recent years, this decrease in diagnoses suggests a true
decline in new infections.
The decrease in diagnoses may be due to targeted HIV prevention efforts. However, progress has
been uneven and diagnoses have increased in a few
groups. Among white gay and bisexual men, diagnoses dropped steadily from 2005 to 2014, declining 18 percent overall.1 Among Hispanic/Latino gay

and bisexual men, diagnoses rose by 24 percent.
Although cases among African American gay and
bisexual men increased 22 percent, they have leveled off in the past five years, increasing less than
1 percent since 2010. Young African American gay
and bisexual men (aged 13 to 24) experienced an 87
percent increase in diagnoses. Since 2010, diagnoses have declined 2 percent in this group. Exhibit
1 shows new diagnoses by subpopulation in 2015.1
The history of the HIV epidemic in the U.S. is
integral to how affected communities view treatment and the health care establishment. In the early
1980s, the disease of AIDS and the HIV infection
epidemic were first recognized, but the cause was
unknown and treatment was only for complications.
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Exhibit 1: New HIV Diagnoses in the United States for the Most-Affected Sub-Populations, 20151
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In the late 1980s, there was a glimmer of hope when
the cause was determined and a blood test became
available. Screening of the blood supply began, preventing many infections, and the first targeted treatment, AZT, was approved. The early 1990s brought
more doom and gloom with the 1993 International
AIDS Conference declaring that AZT was not helpful and was probably harmful. During this time,
HIV disease was contributing to almost 50 percent
of inpatient service costs in urban public health
hospitals. Desperate interventions were commonly
pursued by those infected. The highly active antiretroviral therapy (HAART) revolution started in
1996 and continued until 2007. Triple-drug therapy
with HAART was found to fully suppress the virus
and thus rapid and dramatic improvements in health
were commonly observed. AIDS rates plummeted.
Viral load was now a surrogate endpoint of therapy
and cure was considered possible. But, issues with
HAART therapy began being identified. These included polypharmacy, long-term toxicities like lipodystrophy, drug-drug interactions, multidrug-resistant (MDR), complex regimens, and nonadherence.
MDR was common and often impossible to treat.
From 2007 to the present, we have seen additional progress in HIV management. There are
now simpler regimens, many involving a single
tablet. Adherence with single-tablet regimens
compared with multiple-tablet regimens is significantly better. 2 This is true even when both regimens are only given once daily. Effective “salvage”
regimens have been developed making MDR HIV
rare. This era also brought the emergence of integrase inhibitors. Given the advances in therapy,
clinicians are now confronting a chronic disease
with aging patients and long-term toxicity.
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The contemporary antiretroviral therapy (ART)
era requires immediate treatment for all at the time
of diagnosis and ART as prevention. The Insight
Start trial found that early ART was better than
delayed start (CD4+ count < 350 cells/mm 3 ).4 Early
therapy reduced the rate of serious AIDS or nonAIDS-related events or death from 4.1 percent to
1.8 percent. The Department of Health and Human Services (DHHS) and World Health Organization guidelines now state that everyone with HIV
infection should be treated with ART, regardless of
the CD4 count.
There are now more than 25 approved agents for
HIV treatment. Simpler, dual-drug regimens are
the treatment of first choice. Exhibit 2 shows the
recommended initial regimens in treatment of naïve
patients.3 Integrase inhibitors, plus two nucleoside
reverse transcriptase inhibitors (NRTIs), are the
standard-of-care regimen. Most studies of integrase
inhibitors in first- line therapy have found no resistance development. There are also alternative regimens, which may be preferred for some patients.
Clinicians should refer to the DHSS Guidelines for
the most up-to-date therapy recommendations.
There are some controversies about initial therapy. Questions remain whether all patients should be
started on an integrase inhibitor-based regimen and
what is the ideal regimen. Another area of controversy is the use of generic tenofovir disoproxil fumarate (TDF). Generic TDF is less expensive than
tenofovir alafenamide (TAF), which is not available
generically, but it causes more adverse effects, including renal dysfunction and bone disease. Many
expert sources recommend a switch to TAF for patients with renal disease or bone disease, but the
rate of lipid abnormalities with TAF are higher than
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Exhibit 2: DHHS Recommended Regimens3

Dolutegravir/abacavir/lamivudine*
Dolutegravir plus tenofovir/emtricitabine
Elvitegravir/cobicistat/tenofovir/emtricitabine†
Raltegravir plus tenofovir/emtricitabine

*Only for pts who are HLA-B*5701 negative.
†Only for pts with pre-ART CrCl ≥ 70 mL/min
Notes:
Specific clinical situation may require a different regimen. Consult guidelines for additional information.
Lamivudine may substitute for emtricitabine or vice versa.
Tenofovir alafenamide (TAF) and tenofovir disoproxil fumarate (TDF) are two forms of tenofovir approved by the Food and Drug Administration.
TAF has fewer bone and kidney toxicities than TDF, while TDF is associated with lower lipid levels. Safety, cost, and access are among the factors to
consider when choosing between these drugs.

Exhibit 3: Estimated Percentage of Persons Living with HIV Infection,
by Outcome along the HIV Care Continuum (USA, 2011)7
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*Linkage to care measures the percentage of people diagnosed with HIV in a given calendar year who had one or more
documented viral load or CD4+ test within three months of diagnosis. Because it is calculated differently from other steps in
the continuum, it cannot be directly compared to other steps and is therefore shown in a different color.

with TDF. Another area of debate is whether people with low viral loads (“elite” controllers) require
therapy and, if so, do they need standard regimens.
Two-agent regimens, rather than triple therapy, are
also being investigated with the hope that these
regimens will reduce costs and toxicities. Whether
dual-therapy regimens will be used initially or for
maintenance is yet to be determined.
An overall benefit of treatment is prevention of
HIV transmission. In a study of HIV serodiscordant couples, there was no linked transmission, if
the partner’s HIV was undetectable.5 No transmission was found among 1,166 discordant couples not
using condoms when the infected partner received
effective therapy.6

With more effective regimens, new treatment
failures are almost always due to nonadherence
and hence not associated with emergence of drugresistant variants. Sustaining adherence is important to maintaining viral suppression. As shown in
Exhibit 3, a large percentage of patients with HIV
infection are diagnosed, but few achieve viral suppression.7 A likely reason for this is nonadherence
over the long term.
Long-acting injectable ART is being investigated and will hopefully improve adherence.
Cabotegravir and rilpivirine, combined in a longacting formulation, have comparable efficacy to
standard approaches.8
In chronic HIV infection, multiple factors cause
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Exhibit 4: Multiple Factors Cause Persistent Inflammation During ART9
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persistent inflammation and lead to long- term
complications, including cancer, osteopenia/osteoporosis, and cardiovascular, kidney, liver, and neurocognitive disease (Exhibit 4).9 The impact of HIV
on risk for coronary artery disease is comparable
to traditional risk factors, including hypertension,
diabetes, and hyperlipidemia. Interestingly, type 2
myocardial infarctions are more common in HIVinfected adults than type 1. Type 2 myocardial infarctions are secondary to vasospasm and supply/
demand mismatch rather than plaque rupture.10 Recently reduced MI rates in HIV+ persons are likely
due to aggressive cardiovascular risk reduction and
early use of ART. Anal cancer is very common
among HIV-infected adults on ART and likely to
rise in an aging population. Osteopenia, osteoporosis and spontaneous bone fractures are more common in treated HIV disease than the general population. Bone density screening is indicated for men
over 50 and postmenopausal women, as well as those
with risk factors (prior fragility fracture, prior glucocorticoid use > 3 months, high risk for falls).
At this time, ART is not curative. If therapy is
stopped, viral replication will recur.11 Therefore, it is
again important for patients to maintain adherence
with ART over the long term.
To improve retention in care, managed care should
designate HIV specialists as primary care providers

to make referrals unnecessary.12 Managed care can
use available data, including prescription claims, to
identify people at risk of falling out of care.
Conclusion

Multiple highly effective regimens are now available
for first-line therapy; integrase inhibitors, plus two
NRTIs, are standard-of-care. Dual therapies and
long-acting injectables could change this paradigm.
Treatment failure is almost always due to nonadherence, and drug resistance is less common. Multiple
limitations exist, including retention in care and interruptions in therapy. Interruptions occur because
of individual circumstances and health care disruption. With long-term HIV infection treatment, subtle, but perhaps cumulative, toxicities remain and
comorbidities are common. HIV expertise is needed
to manage both ART and comorbidities.
Steven Deeks, MD, is a Professor of Medicine at the University of California, San Francisco.
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Summary
Anxiety disorders are the most common psychiatric condition in the United States.
Our understanding of causative factors has evolved, as have some treatment options. The conditions are generally treatment responsive, but refractory illness persists. The majority of people with these conditions remain untreated and for those
who are treated, adherence to evidence-based care remains poor. Innovations in
care delivery that focus on engagement will be key to driving superior outcomes.
Key Points
Anxiety disorders are highly prevalent and costly.
Both care avoidance and overutilization can occur.
Anxiety disorders can significantly worsen medical comorbidities.
Optimal treatment generally involves a combination of pharmacotherapy and
psychotherapy.
• Majority of individuals will not engage in care; innovations are needed to
enhance utilization of and retention in care.
•
•
•
•

ANXIETY DISORDERS ARE THE MOST
prevalent behavioral health conditions, both in the
United States (U.S.) and worldwide.1 One study of
the societal cost of anxiety disorders in the U.S. estimates the burden to be approximately $43.9 billion
annually, over half of which is spent on the medical
(nonpsychiatric) consequences of these conditions.2
Anxiety itself is a common human emotion, a natural human state that reflects anticipation of danger.
Amazon reported in the summer of 2017 that one
of the most common requests to its digital assistant
was “Alexa, help me relax.”3 By contrast, anxiety
disorders are characterized by recurring anxiety and
impairment in psychological and social domains of
function. Like all psychiatric disorders, diagnosis
requires functional impairment and the presence of
intrusive symptoms. Common anxiety disorders include Generalized Anxiety Disorder, Social Anxiety Disorder, Panic Disorder and specific phobias.
These conditions are somewhat heterogeneous with

respect to epidemiology, clinical presentation, treatment options and prognosis, but they do have shared
features, including basic neurobiology and responsivity to pharmacotherapeutic and psychotherapeutic interventions. Most anxiety disorders affect
approximately twice as many women as men and
typically onset in childhood, adolescence or early
adulthood.4 Anxiety disorders commonly co-occur
with each other and with depressive disorders and
medical comorbidities. The U.S. prevalence of anxiety disorders is shown in Exhibit 1.
Research has confirmed several shared features
among the various anxiety disorders, including
risk factors, neurobiology and genetic contributors.
Common risk factors include younger age, female
sex, poor social supports, low socioeconomic status
and marital status unmarried.5 Childhood emotional abuse is also a risk factor, which is thought
to mediate the development of anxiety by reducing distress tolerance.6 The neurobiology of anxi-
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Exhibit 1: NCS-R 12-Month Prevalence for Ages 18 to 64
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* Note that before the introduction of DSM-5, obsessive-compulsive disorder and post-traumatic stress disorder were included as anxiety disorders.

ety disorders is characterized more by disruption of
deep brain structures than of cortical structures and
primarily involve alterations of the limbic system.
The limbic system is responsible for integrating sensation, cognition and affect. Involved areas include
the insular and limbic cortices, the amygdala and
hippocampus. Neurotransmitter imbalances that are
thought to contribute to the pathogenesis of anxiety
disorders include primarily serotonin and norepinephrine and, to a lesser extent, dopamine. Several
neuropeptides, including neuropeptide Y, are also
involved.7 Overall, there is substantial overlap between the neurobiology of depressive and anxiety
disorders, which may account in part for their high
degree of comorbidity. Genetic contributions to
pathogenesis appear to involve genes responsible for
monoaminergic pathways and the hypothalamic–pituitary–adrenal (HPA) axis.
Current classification of anxiety disorders, according to the DSM-5, includes nine separate conditions as shown in Exhibit 2. Recently, post-traumatic stress disorder (PTSD) was reclassified from
an anxiety disorder to a trauma and stressor-related
disorder in the DSM-5). Anxiety disorders may not
reflect distinct pathophysiologic entities, as overlap
with each other and with other mental conditions
is extremely high—one study found that over 90
percent of individuals with anxiety disorders have
met criteria for another mental health condition at
least once in their lifetime.8 Differential diagnosis of

anxiety disorders include substance intoxication and
withdrawal, along with medical comorbidities that
may produce debilitating anxiety, including hypo
and hyperthyroidism, cardiac and respiratory illness, medication side effects, neurological disorders,
paraneoplastic syndromes, and infectious diseases.9
The clinical workup of anxiety disorders involves
establishing symptoms and functional impairment,
excluding substance-related and medical causes of
anxiety, and then applying the diagnostic criteria for
specific anxiety conditions.
Left untreated, anxiety disorders are toxic conditions, impacting the overall health and medical comorbidities of sufferers. Anxiety disorders have been
associated with the development or exacerbation of
several medical conditions, including functional digestive disorders such as irritable bowel syndrome
and chronic respiratory illnesses such as COPD.10-12
Anxiety disorders are an independent risk factor
for hospitalization in patients with existing cardiovascular disease.13 Post-MI, patients with anxiety
disorders are at increased risk of cardiac events and
have an increased all-cause mortality.14 Longitudinal data strongly suggest that anxiety worsens the
course of chronic pain.15 Furthermore, anxiety disorders make adherence to chronic medical disease
treatment more difficult: several studies have found
that anxiety predicts poor adherence to chronic disease pharmacotherapy.16 Finally, anxiety disorders
impact the self-care required for effective chronic
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Exhibit 2: Classification of Anxiety Disorders

1. Separation Anxiety Disorder
2. Selective Mutism
3. Specific Phobia
4. Social Anxiety Disorder
5. Panic Disorder
6. Agoraphobia
7. Generalized Anxiety Disorder
8. Substance and or Medication-Induced Anxiety Disorder
9. Anxiety Disorder Due to Another Medical Condition

disease management and are contributors to chronic
disease-related disability.17,18
Guideline-informed care strategies for anxiety
disorders include both pharmacotherapeutic and
psychotherapeutic options, either alone or in combination. Treatment of anxiety disorders yields
significant improvement in health-related quality
of life and reductions in disability.19 Several guidelines are available; for example, American Psychiatric Association practice guidelines exist for
OCD and Panic Disorder.20 Pharmacotherapeutic
management of anxiety disorders typically include
antidepressants as first-line agents, most commonly selective serotonin-reuptake inhibitors or serotonin–noradrenaline-reuptake inhibitors. The use
of these agents is supported by several randomized
controlled trials (RCTs). As with depression, selection of a specific agent is often largely driven by
the potential side-effect profile more than by differential efficacy. Benzodiazepines are commonly
prescribed for anxiety disorders, but indicated only
for panic disorder (alprazolam and clonazepam).
Benzodiazepines should be used with caution, given their morbidity, but they may be effective as
an augmentation strategy in severe or refractory
cases. Their use should be time-limited if possible.
Evidence-based psychotherapeutic approaches are
also used in the management of anxiety disorders
and produce enduring favorable outcomes.21 Several psychotherapeutic approaches have been rigorously evaluated for the treatment of anxiety disorders; of these, cognitive, cognitive-behavioral,
and behavioral therapies have the strongest support
for efficacy. For example, a recent meta-analysis
of cognitive behavioral therapy for generalized
anxiety disorder included 38 controlled trials and

found a Hedges’ g of 0.84; 95% CI [0.71–0.97].22
Digital strategies for addressing anxiety disorders
are developing rapidly. These strategies present a
unique opportunity as they could conceivably help
solve for scale, standardization of care, stigma, and
access—principle challenges in the management of
anxiety disorders. Telehealth strategies, web-based
applications, mobile apps, virtual reality applications and even wearables show promise.23 Of these,
digitally-supported care delivery strategies such as
telehealth CBT are the most studied, but the majority of mobile health applications for mental health
have no trial-based evidence.
Despite the widespread availability of multiple
treatments for anxiety disorders and substantial morbidity of untreated illness, the vast majority of individuals with anxiety disorders remain untreated. A
National Comorbidity Study Replication found that
only 36.9 percent of individuals with anxiety disorder received any treatment in the past 12 months and
delay among those who eventually make treatment
contact ranges from nine to 23 years. Fewer than
one-third of the cases received minimally adequate
care.24 Barriers to care are multiplex and include
awareness, lack of screening, stigma, affordability of
care, transportation and symptoms of the illnesses
themselves (for example, individuals with anxiety
disorders may have difficulty with planning, leaving the home or fear of side-effects). Furthermore,
comorbidities can make engagement challenging.
Novel approaches to care-integration and proactive
engagement, such as collaborative care, have been
helpful but, even in these, most individuals fail to engage or respond and effect sizes are small.25 Further
innovations in patient and provider engagement and
models of care delivery are clearly necessary to solve

82 Journal of Managed Care Medicine | Vol. 21, No. 3 | www.namcp.org

for low rates of treatment initiation and completion.
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Anxiety disorders are the most common class of psychiatric illness. They are heterogeneous with respect
to causative factors, optimal treatment approaches
and common comorbidities, and frequently cooccur with medical and psychiatric comorbidities.
Untreated illness generates significant cost, driven
primarily by comorbid medical disease burden and
disability. Pharmacotherapeutic and psychotherapeutic treatments for anxiety disorders have been
widely studied and are effective. Despite the availability of effective treatment options, the majority
of sufferers will not engage in care and most care is
substandard. Further research should focus on strategies, including digital approaches, to enhance engagement and re-engineer models of care delivery
to improve outcomes.
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