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At The American Journal of Managed Care, we strive to work with stake-
holders whose collective voice will reform the way healthcare is deliv-
ered. Part of this involves keeping current with the latest news on FDA 

drug approvals, including major market trends, new product launches, and the 
overall approval process.

To provide you with information to help in decision making, we are launch-
ing a new digital resource, Formulary Central. As a supplement to the new 
resource, we are publishing 2 special issues on the product pipeline this 
year. The articles in these issues will offer a more in-depth understanding of 
the approval process, along with detailed information on specific new drug 
approvals.

This inaugural Product Pipeline Review provides information on 2015 drug and 
treatment approvals, key facts for stakeholders on the approval process, and 
clinical perspectives on important topics, including new antimicrobial options, 
interferon-free regimens for hepatitis C, the potential impact of immuno- 
oncology on the future of cancer care, and the role of new diabetes products 
within current treatment guidelines.

A second Product Pipeline Review will be available at the end of the year.

We hope you enjoy this special issue, and, as always, we thank you for reading.

Sincerely,

Mike Hennessy, Sr
Chairman and CEO
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8.6 Renal Impairment 
Renal clearance accounts for approximately 50% of the total clearance 
of edoxaban. Consequently, edoxaban blood levels are increased in 
patients with poor renal function compared to those with higher renal func-
tion. Reduce SAVAYSA dose to 30 mg once daily in patients with CrCL 
15-50 mL/min. There are limited clinical data with SAVAYSA in patients
with CrCL < 15 mL/min; SAVAYSA is therefore not recommended in these
patients. Hemodialysis does not significantly contribute to SAVAYSA clear-
ance [see Dosage and Administration (2.1, 2.2) and Clinical Pharmacology
(12.3) in the full prescribing information]. 
As renal function improves and edoxaban blood levels decrease, the risk for
ischemic stroke increases in patients with NVAF [see Indications and Usage
(1.1), Dosage and Administration (2.1), and Clinical Studies (14.1) in the
full prescribing information]. 
8.7 Hepatic Impairment
The use of SAVAYSA in patients with moderate or severe hepatic impair-
ment (Child-Pugh B and C) is not recommended as these patients may have
intrinsic coagulation abnormalities. No dose reduction is required in
patients with mild hepatic impairment (Child-Pugh A) [see Clinical Pharma-
cology (12.3) in the full prescribing information].
8.8 Low Body Weight Consideration for Patients treated for DVT and/or PE
Based on the clinical experience from the Hokusai VTE study, reduce
SAVAYSA dose to 30 mg in patients with body weight less than or equal to
60 kg [see Dosage and Administration (2.2) and Clinical Studies (14.2) in
the full prescribing information].

10 OVERDOSAGE
A specific reversal agent for edoxaban is not available. Overdose of
SAVAYSA increases the risk of bleeding.
The following are not expected to reverse the anticoagulant effects of 
edoxaban: protamine sulfate, vitamin K, and tranexamic acid.
Hemodialysis does not significantly contribute to edoxaban clearance [see
Pharmacokinetics (12.3) in the full prescribing information].

17 PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Medication
Guide).
Advise patients of the following:
• they may bleed more easily, may bleed longer, or bruise more easily

when treated with SAVAYSA

• to report any unusual bleeding immediately to their healthcare provider
• to take SAVAYSA exactly as prescribed
• to not discontinue SAVAYSA without talking to the healthcare provider

who prescribed it
• to inform their healthcare providers that they are taking SAVAYSA before

any surgery, medical, or dental procedure is scheduled
• to inform their healthcare providers and dentists if they plan to take, or

are taking any prescription medications, over-the-counter drugs or herbal
products

• to inform their healthcare provider immediately if they become pregnant
or intend to become pregnant or are breastfeeding or intend to breastfeed
during treatment with SAVAYSA

• that if a dose is missed, take SAVAYSA as soon as possible the same day,
and resume the normal dosing schedule the following day. The dose
should not be doubled to make up for a missing dose

• that if they are having neuraxial anesthesia or spinal puncture, advise
patients to watch for signs and symptoms of spinal or epidural hematoma,
such as back pain, tingling, numbness (especially in the lower limbs),
muscle weakness, and stool or urine incontinence. If any of these symp-
toms occur, advise the patient to contact his or her physician immediately
[see Boxed Warning].

SAVAYSA™ is a trademark of Daiichi Sankyo Co., LTD.
Manufactured by:
Daiichi Sankyo Co., LTD.
Tokyo 103-8426
Japan
Distributed by:
Daiichi Sankyo, Inc.
Parsippany, NJ 07054 USA
Copyright© 2015, Daiichi Sankyo, Inc.  
PRINTED IN USA.
P1805213-BRIEF/DSSV15000323

 Now Available ROB A – Form 11C

THIS ADVERTISEMENT PREPARED BY FCB

Job#: 
2DSI_EDXO_10345261
Client:  Daiichi-Sankyo/Edoxaban
Date:  April 17, 2015 11:27 AM
Proof:  M4

Name: PrePress:Daiichi_Sankyo:EDOXABAN:2DSI_EXDO_ 10345261:10345261_NA_ROB_Fm1_M4

Prod.:  Jim Giarratano x3141
Colors: B/W

Bleed: n/a
Trim:  n/a
Live:  6.875” x 9.875”
Fonts:  Faricy, Faricy New,  

Helvetica Neue LT Std 

AD: Najwa Sebbahi x3197
AE: 
Traffic:   Lisa Cassar x7757
QC:  L. Powell
Artist:  gh, NJ

T:6.875”

T:9.875”

10345261_NA_ROB_Fm1_M4.indd   1 4/23/15   10:59 AM

© Managed Care &
Healthcare Communications, LLC



Features

Breo Ellipta (fluticasone furoate 
and vilanterol inhalation powder) 

Corlanor (ivabradine)

Cosentyx (secukinumab)

Glyxambi (empagliflozin and 
linagliptin)

Imbruvica (ibrutinib)

Liletta (levonorgestrel-releasing 
intrauterine system)

Lynparza (olaparib)

Opdivo (nivolumab)

Rytary (carbidopa and levodopa 
extended-release capsules)

Savaysa (edoxaban)

Toujeo (insulin glargine [rDNA 
origin])

Viekira Pak (ombitasvir, 
paritaprevir, and ritonavir tablets; 
dasabuvir tablets)

Zohydro (hydrocodone bitartrate)

Blincyto | Cresemba | Ibrance | Kybella

Lenvima | Natpara | Rapivab | Raplixa

Revlimid | Triferic | Xtoro | Zarxio

Products in the Pipeline

Perspectives on 2015 Drug and Treatment Approvals

Revisiting the Drug and Treatment Approval Process:  
Key Facts for Stakeholders

5

9

Clinical Perspectives

Meeting the Need for New Antimicrobial Options: Factors Influencing the 
Antimicrobial Product Pipeline

Hepatitis C: New Treatments Offer Improved Efficacy, but at What Cost?

Issues Impacting Stakeholder Adoption of Immuno-Oncology

Patient Adherence and CMS Reimbursement Policies for Combination 
Oral Anti-Diabetic Therapies

13

17

20

23

Product Profiles

25 53

29
57

33 61

37

76

65

41

77

69

45

78

72
49

79

In This Issue...

Opinions expressed by authors, contributors, and adver-
tisers are their own and not necessarily those of Clinical 
Care Targeted Communications, LLC, d/b/a Managed Care 
& Healthcare Communications, LLC, the editorial staff, or 
any member of the editorial advisory board. Clinical Care 
Targeted Communications, LLC, d/b/a Managed Care & 
Healthcare Communications, LLC, is not responsible for 
accuracy of dosages given in articles printed herein. The 
appearance of advertisements in this publication is not 
a warranty, endorsement, or approval of the products or 
services advertised or of their effectiveness, quality, or 
safety. Clinical Care Targeted Communications, LLC, d/b/a 
Managed Care & Healthcare Communications, LLC, dis-
claims responsibility for any injury to persons or property 
resulting from any ideas or products referred to in the 
articles or advertisements.

PUBLISHING STAFF  
Senior Vice President of  
Operations and Clinical Affairs
Jeff D. Prescott, PharmD, RPh

Senior Clinical Projects Manager
Ida Delmendo

Clinical Projects Manager
Cindy Spielvogel

Project Director
Christina Doong

Quality Assurance Editor
David Allikas

Associate Editor
Jeanne Linke

Design Director
Nicole Martino

Associate Publisher
Justin Gallagher  

Director of Sales  
Sara Stewart

National Account Managers
Gabrielle Consola 
Michael Costella
Gil Hernandez

Corporate

Chairman and CEO
Mike Hennessy, Sr

Vice Chairman 
Jack Lepping

Executive Vice President 
Tighe Blazier

Chief Operating Officer 
Neil Glasser, CPA/CFE

President, Managed Markets
Brian Haug

Executive Vice President and General Manager
John Maglione

Vice President of Human Resources 
Rich Weisman

Chief Creative Officer 
Jeff Brown

Vice President of Education
David Heckard

 

Copyright © 2015 by Managed Care  
& Healthcare Communications, LLC

Office Center at Princeton Meadows, Bldg. 300  
Plainsboro, NJ 08536 • (609) 716-7777

© Managed Care &
Healthcare Communications, LLC



5

Features

With a new class of cholesterol agents, a new heart fail-

ure drug, and the first biosimilars coming to market, 

2015 is expected to be a remarkable year in approv-

als—similar to the record-breaking 2014, when the FDA approved 

41 novel drugs, significantly more than the 25 approvals per year 

it had averaged since 2005.1 

Oncology
A large percentage of 2015’s approved drugs are expected to 

come from the oncology sector (Table). To date, 5 drugs have al-

ready been approved. Panobinostat (Farydak by Novartis) received 

approval in February for the treatment of multiple myeloma.2 Also 

approved in February was palbociclib (Ibrance by Pfizer), which re-

ceived an indication for the treatment of ER-positive, HER2-nega-

tive breast cancer, and lenvatinib (Lenvima by Eisai), approved for 

the treatment of thyroid cancer. In addition to these, the first-ever 

therapy approved to treat high-risk neuroblastoma, a rare cancer  

that forms in immature nerve cells, was approved in March. Dinu-

tuximab (Unituxin by United Therapeutics), a GD2-binding mono-

clonal antibody, was granted both priority review and orphan prod-

uct designation by the FDA.2,3 Nivolumab (Opdivo by Bristol-Myers 

Squibb), an immuno-oncology therapy, binds to the programmed 

death (PD)-1 receptor, thus blocking the PD ligand 1 (PD-L1) and PD 

ligand 2 (PD-L2) interaction that leads to inhibition of the immune 

response, including the anti-tumor immune response.4 Nivolumab 

is the second agent that targets the PD-1 pathway to be approved, 

following pembrolizumab (Keytruda by Merck). Promising results 

have been seen with nivolumab in highly immunogenic cancers, 

such as melanoma and renal cell carcinoma, which are known to 

suppress the host immune response in the tumor microenviron-

ment. While approval is currently limited to the treatment of mela-

noma and previously treated metastatic squamous non-small cell 

lung cancer, nivolumab’s indications will likely expand, and it will 

potentially see use in combination with anti-PD-L1 antibodies on 

the horizon for a more complete blockade of the PD-1 pathway.5

Infectious Diseases
Also approved have been several drugs indicated for infectious 

diseases, another area that has seen rapid growth. Meningo-

coccal serogroup B vaccine (Bexsero by Novartis) was approved 

in January to be used in individuals aged 10 through 25 years.2 

Bexsero is the second vaccine approved since late 2014 for this 

particular serotype, which was responsible for 160 reported 

 cases of meningitis in the United States in 2012.6 Ceftazidime/

avibactam (Avycaz by Actavis) is a combination cephalosporin and  

beta-lactamase inhibitor indicated for the treatment of complicat-

ed intra-abdominal infections (when used with metronidazole) and 

complicated urinary tract infections.7 Because of its designation 

as a qualified infectious disease product (QIDP), Avycaz was given 

priority review by the FDA. However, per the FDA, the medication 

is to be reserved for those patients who have limited or no alter-

native treatment options.8 Isavuconazonium (Cresemba by Astel-

las/Basilea Pharmaceutica) is yet another drug that has received 

a QIDP designation. This new azole antifungal drug was approved 

for the treatment of adults with invasive aspergillosis and invasive 

mucormyosis. These rare but serious infections usually occur in 

immunocompromised patients.9 

Rare Diseases
A potentially significant shift has also occurred in the market with 

the increase in approvals of orphan drugs. These niche products 

are often first-in-class drugs indicated for diseases with unmet 

medical needs. Orphan drugs are expected to account for 19% of 

drug sales, not including generics, by 2020.10 Cholic acid (Chol-

bam by Asklepion) falls into this category of drugs approved for the 

treatment of rare diseases. Cholic acid is a once-daily treatment 

for cholic acid deficiency in bile acid synthesis disorders caused by 

single-enzyme defects, as well as an adjunct to standard of care 

for peroxisomal disorders, including Zellweger spectrum disorders 

with evidence of liver disease.2,11 These disorders prevent pro per 

production of bile acid, leading to cholestasis, nutrient malab-

sorption, liver disease, neurologic disease, liver failure, and death. 

Cholic acid prevents the production of these toxic products and 

restores the main functions of cholic acid.12 Parathyroid hormone 

(Natpara by NPS) is a once-daily injection approved for patients 

with hypoparathyroidism to control hypocalcemia. In patients 

with hypoparathyroidism, a rare disease affecting approximately 

60,000 people in the United States, low levels of this hormone can 

lead to low blood calcium levels because of the role parathyroid 

plays in both calcium and phosphorus synthesis. This new drug will 

be an alternative for patients who are not controlled on calcium 

supplementation and vitamin D.13

Secukinumab (Cosentyx by Novartis) is the first human immuno-

globulin (Ig)G1 monoclonal antibody targeting the interleukin (IL)-

17 receptor, a cytokine with a role in inflammatory and immune 

responses. It is given as 2 subcutaneous injections weekly for 5 

Perspectives on 2015 Drug and Treatment Approvals

Michael M. Mohundro, PharmD

© Managed Care &
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Table. Sample of Drugs Recently Approved or Expected to Be Approved by the FDA

Brand Name Generic Name Company Approval Month

Oncology

Opdivo nivolumab Bristol-Myers Squibb December 2014

Farydak panobinostat Novartis February 2015

Ibrance palbociclib Pfizer February 2015

Lenvima lenvatinib Eisai February 2015

Unituxin dinutuximab United Therapeutics March 2015

Infectious Diseases

Bexsero meningococcal serogroup B vaccine Novartis January 2015

Avycaz ceftazidime/avibactam Actavis February 2015

Cresemba isavuconazonium Astellas/Basilea Pharmaceutica March 2015

Rare Diseases

Cosentyx secukinumab Novartis January 2015

Natpara parathyroid hormone NPS January 2015

Cholbam cholic acid Asklepion March 2015

Biosimilars

Zarxio filgrastim Sandoz March 2015

Remsima infliximab Celltrion June 2015a

Cardiovascular Disease

Prestalia perindopril/amlopidine Symplmed January 2015

Savaysa edoxaban Daiichi Sankyo January 2015

Corlanor ivabradine Amgen April 2015

Praluent alirocumab Sanofi/Regeneron July 2015a

Repatha evolocumab Amgen August 2015a

LCZ696b sacubitril/valsartan Novartis August 2015a

aExpected approval.29 

bNot brand name.

weeks and then monthly for the treatment of moderate to severe 

plaque psoriasis in adults who are candidates for systemic therapy 

or phototherapy.14,15 Results from the CLEAR study demonstrated 

improved outcomes for secukinumab compared with the biologic 

agent ustekinumab.16

Biosimilars
Biosimilars are often referred to as generic biologic medications; 

however, they differ in that their active ingredients are similar but 

not identical to those of the original biologic. Another difference 

is that biosimilars’ safety and efficacy must be evaluated through 

nonclinical and clinical studies to determine whether they are suf-

ficiently similar to the original biologic. It is estimated that the en-

trance of biosimilars to the marketplace will lead to decreased costs 

associated with biologic medications.17 Sandoz is the first company 

to file and receive approval for a biologic agent: Zarxio, a filgrastim 

biosimilar, approved in March. The FDA’s Oncologic Drugs Advisory 

Committee voted unanimously to declare the drug highly similar to 

the brand-name drug Neupogen (Amgen).18 At press time, Celltrion 

was awaiting a decision from the FDA regarding Remsima, which  

would be the first monoclonal antibody biosimilar to be approved 

(biosimilar to Janssen’s Remicade [infliximab]). Celltrion is seeking 

9 indications, including Crohn’s disease, rheumatoid arthritis, and 

plaque psoriasis. The review scheduled for March 2015 was post-

poned because of pending information requests.19,20

© Managed Care &
Healthcare Communications, LLC
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Cardiovascular Disease
The treatment of cardiovascular disease should also see its arse-

nal expanded in 2015, with approvals for edoxaban (Savaysa by  

Daiichi Sankyo) and perindopril/amlodipine (Prestalia by Sym-

plmed), along with the widely anticipated approval of a new class 

of lipid-lowering agents as well as 2 new drugs for the treatment 

of heart failure.2 

Since the approval of the first statin in the late 1980s, HMG-CoA 

reductase inhibitors have been the foundation of low-density lipo-

protein (LDL)-lowering treatment.21 In 2003, proprotein convertase 

subtilisin-kexin type 9 (PCSK9) became an emerging cholesterol 

therapy target with the discovery of a PCSK9 mutation in individ-

uals with autosomal dominant hypercholesterolemia. Since that 

time, the mutation has been regarded as having a crucial role in 

the metabolism of circulating LDL cholesterol levels.22 Although the 

mechanism is not fully understood, researchers have concluded 

that PCSK9 causes degradation of LDL receptors, which leads to 

a reduction in circulating LDL. It is thought that PCSK9 may also 

exert an effect on atherogenesis by means other than decreasing 

LDL levels, but further research is necessary to determine this.22

The place in therapy that PCSK9 is thought to have is in the 

hard-to-treat patients with heterozygous familial hypercholesterol-

emia (HeFH), patients with intolerance to statins, and patients who 

have not responded adequately to statin therapy. HeFH is a genetic 

disease affecting approximately 1.5 million people in the United 

States with exceptionally elevated LDL cholesterol and premature 

cardiovascular disease.23 It is estimated that 10% to 20% of pa-

tients with dyslipidemia and coronary risk are statin intolerant or 

cannot tolerate the dose necessary to achieve LDL goals.24 

Alirocumab (Praluent by Sanofi/Regeneron) phase 2 studies 

lasting 8 to 12 weeks have demonstrated the drug’s ability to  

lower LDL cholesterol by 40% to 70% when added to statin therapy. 

The ODYSSEY Long Term study evaluated alirocumab in a 78-week 

study versus placebo in patients taking a statin at its maximum 

tolerated dose. Investigators observed a statistically significant 

(61%) reduction of LDL cholesterol with alirocumab, compared 

with a reduction of 0.8% in patients taking placebo. Although no 

outcome studies have been completed to date, ad hoc analysis 

from the ODYSSEY Long Term study demonstrated a lower rate 

of cardiovascular events with alirocumab compared with placebo 

(1.7% vs 3.3%; P = .02).25

Evolocumab (Repatha by Amgen) has been studied in more than 

10 phase 2 or 3 studies; most recently, the results of 2 open-label, 

randomized studies have been reported. OSLER-1 and OSLER-2 re-

searchers announced reduction of LDL cholesterol by 61%. Between 

the 2 studies, evolocumab also had a lower rate of cardiovascular 

events compared with placebo at 1 year (Kaplan-Meier estimates: 

0.95% vs 2.18%; P = .003).26

The promising results could have significant impact on the treat-

ment of lipid disorders. The annual cost for the PCSK9 inhibitor is 

projected to land in the $7000 to $12,000 price range; although 

it is speculated that these drugs will be indicated for a small pa-

tient population, they are expected to be more costly than the re-

cently approved hepatitis C virus (HCV) drugs, partly because the 

HCV treatments generally have a duration of therapy from 8 to 24 

weeks while the PCSK9 inhibitor will be a maintenance drug that a 

patient will take for years.27

Edoxaban, approved in January, is the fourth oral anticoagu-

lant on the market and is indicated for the treatment of deep vein 

thrombosis, pulmonary embolism, and risk of stroke and embolism 

due to atrial fibrillation.2 Because the ENGAGE AF-TIMI 48 study 

demonstrated an increased risk of stroke in patients with atrial 

fibrillation with a creatinine clearance above 95 mL/min, edox-

aban should not be used in those patients.28 

LCZ696 (Novartis) is a first-in-class angiotensin receptor nepri-

lysin inhibitor, containing sacubitril and the angiotensin receptor an-

tagonist valsartan, for the treatment of heart failure in patients with 

a reduced ejection fraction.29,30 Sacubitril belongs to the novel class 

of drugs known as neprilysin inhibitors.30 Neprilysin is a neutral en-

dopeptidase that degrades substances such as natriuretic peptides, 

bradykinin, and adrenomedullin. The degradation of the endoge-

nous vasoactive peptides counteracts processes that play a role in 

vasoconstriction, sodium retention, and maladaptive remodeling. 

In patients with a preserved ejection fraction and either hyperten-

sion or heart failure, small studies demonstrated better outcomes 

with LCZ696 compared with only an angiotensin II receptor bloc-

ker (ARB). The PARADIGM HF investigators observed that LCZ696 

was more effective than enalapril at reducing the risk of death from 

cardiovascular causes or hospitalization for heart failure (21.8% vs 

26.5%; P <.001).31 

Ivabradine (Corlanor by Amgen), a twice-daily oral therapy for 

the treatment of chronic heart failure, was granted a priority re-

view designation by the FDA and received approval in April.29,32,33 

The mechanism by which ivabradine works is inhibition of the lf or 

“funny” current in the sinoatrial node, leading to a slower heart 

rate without negative myocardial contractility or ventricular repo-

larization. The drug has been studied in more than 6000 patients 

as an add-on to standard of care therapies (beta-blockers, angio-

tensin-converting enzyme inhibitors, ARBs, diuretics, aldosterone 

antagonists) in patients with reduced left ventricular function and 

a heart rate greater than or equal to 70 beats per minute. A post 

hoc analysis from the SHIFT study showed a reduction in the pri-

mary composite end point of cardiovascular death or hospitaliza-

tion for worsening heart failure across low, intermediate, and high 

systolic blood pressure levels. Ivabradine was approved in Europe 

for patients with chronic heart failure patients in 2012.33 

Costs
The portfolio of new drugs expected in 2015 shows great prom-

ise, but will come with a sizable amount of baggage in the form of 

© Managed Care &
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increased drug expense. Advances in the treatment of cancer con-

tinue to be refined with options that are more targeted and more 

effective as well as less toxic, but areas such as infectious disease 

have shown limited results with no imminent breakthroughs. In 

cardiovascular disease, several novel treatments have been highly 

anticipated. Unfortunately, the projected costs to the healthcare 

system are potentially unsustainable. The one bright spot seems 

to be the imminent arrival of the biosimilars. However, it is yet to 

be determined how quickly they will be accepted in clinical prac-

tice, as well as what the magnitude of their financial impact will be 

on the overall market. Orphan drugs represent another interesting 

variable because they are steadily gaining a significant portion of 

the overall drug spend, but because of the low prevalence, overall 

impact on population costs is low. With many moving parts, the 

one constant looks to be the increasing number of FDA approvals 

year over year. How will the economics continue to evolve? Will 

patients continue to share a larger burden, and will that impact 

access? Will government step in, and would that result in any im-

provement if it means additional taxes and costs down the line?

Michael M. Mohundro, PharmD, is director of pharmacy for Our Lady 
of the Lake Regional Medical Center, Baton Rouge, Louisiana.
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The FDA’s approval of 41 novel drugs in 2014 totaled 16 

more than the agency’s average number per year over the 

last decade (Figure).1 Of the 41 new drugs, nearly half are 

specialty medications. Many new specialty medications make it 

to market through FDA approval processes designed to speed the 

availability of drugs used to treat serious diseases. A total of 27 

of the new drugs (66%) used 1 or more of the 4 expedited de-

velopment and review methods. A closer look at these methods 

provides insight into the rationale and strategies for using them.1,2 

The FDA has continually attempted to expedite the new drug 

approval process to provide access to drugs as quickly as possi-

ble, beginning with the Prescription Drug User Fee Act (PDUFA) in 

1992 and more recently with the Safety and Innovation Act, signed 

into law in 2012. Currently, 4 distinct expedited review programs 

can be used by manufacturers to speed the approval of their drugs. 

The purpose of each program is to ensure that therapies for seri-

ous conditions are made available as soon as it can be conclu-

ded that the benefits outweigh the risks and that the medications 

meet standards for safety and efficacy. The 4 expedited review 

programs are “fast track,” “breakthrough therapy,” “accelerated 

approval,” and “priority review.”1-3

Although the use of these FDA programs is common, not every 

drug is eligible to be expedited through them. On the other hand, 

a single drug may be eligible for multiple designations, allowing 

its approval to be expedited even further. To qualify for any of the 

programs under the FDA requirements, a drug must be intended 

to address an unmet medical need in the treatment of a serious 

condition, defined in the FDA’s Guidance to Industry as a disease or 

condition associated with morbidity that has substantial impact on 

day-to-day functioning. Guidance explains that terming a condition 

serious is a matter of clinical judgment based on a disease’s im-

pact on such factors as survival and daily functioning or the likeli-

hood that the disease will progress from a less severe condition to 

a more serious one. A drug for an unmet medical need, according 

to Guidance, would be one for a condition whose treatment or diag-

nosis is not addressed adequately by available therapy. This could 

include a drug that fills an immediate need for a defined population 

(eg, a rare disease with limited treatment) or a longer-term need 

for society (eg, preventing the resistance to antibacterial drugs).1,2

The following review provides a more detailed look at the 4 pro-

grams available for drugs that qualify for expedited approval, in-

cluding the programs’ similarities and differences.

Revisiting the Drug and Treatment Approval Process:  
Key Facts for Stakeholders
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Fast Track
The purpose of fast track designation is to get important new 

drugs to the patient earlier. The fast track program is designed to 

facilitate drug development, expedite the review of drugs to treat 

serious conditions, and above all to fill an unmet medical need. 

The fast track designation must be requested by the pharmaceu-

tical manufacturer, which can be done at any time during the drug 

development process. The FDA reviews the request and has 60 

days to make a decision on whether the drug could fill an unmet 

medical need involved in a serious condition. In the early stages of 

drug development, information to support fast track designation 

could include mechanistic rationale and evidence of activity in a 

nonclinical model. The pharmaceutical manufacturer must demon-

strate that the drug in development provides therapy where none 

exists or is better than available therapy. If existing therapies are 

available, the drug must show advantages over them, such as the 

following:

•  Has superior efficacy in its effect on serious outcomes

•  Avoids serious side effects of medications currently available

•  Leads to improved outcomes by improving diagnosis of a se-

rious condition

•  Shows decreased toxicity compared with an existing therapy

•  Addresses anticipated public health needs

Drug applications that receive fast track designation are eligible 

to receive certain benefits that involve higher-touch interactions 

with the FDA to facilitate the approval process. These interactions 

include more frequent meetings with the FDA to discuss the drug’s 

development plan, more frequent written communication, eligibil-

ity for accelerated approval and priority review, and rolling review, 

which allows the pharmaceutical manufacturer to submit sections 

of the new drug application (NDA) or biologic license application 

(BLA) to the FDA ahead of the rest of the application.1,2 

Of the 41 novel drug approvals in 2014, 17 (41%) received the 

FDA fast track designation. These drugs were approved for vari-

ous indications that demonstrated an unmet medical need. Drugs 

receiving the designation included first-to-market therapies in 

idiopathic pulmonary fibrosis, highly effective combination thera-

pies in hepatitis C, oncology agents, and a new agent used for the 

prevention of cardiovascular events in patients with a history of 

myocardial infarctions.1,2 

Breakthrough Therapy
Breakthrough therapy designation is a process designed mainly to 

accelerate the development and review of drugs that represent a 

significant improvement in treating a serious condition. To qualify 

for this designation, a drug must show preliminary evidence that 

it may demonstrate substantial improvement over available ther-

apy based on a clinically significant end point. Unlike fast track 

designation, breakthrough therapy requires preliminary clinical ev-

idence of a treatment effect. Such evidence generally is expected 

to be a result of phase 1 or 2 clinical trials, including evidence from 

a study that compares the investigational drug with an available 

therapy, a study that compares the new treatment plus standard 

of care against the standard of care alone, or a single-arm study 

that compares new treatment with well-documented historical ex-

perience (a large difference must be seen between historical data 

and current therapy). The FDA defines “clinically significant” end 

point as a measure that has an effect on irreversible morbidity or 

mortality or on symptoms that represent serious consequences of 

a disease.1-3

As with fast track designation requests, for breakthrough therapy 

designation, the FDA has 60 days to respond to a request submit-

ted by the pharmaceutical manufacturer. The request should be re-

ceived by the FDA no later than the end-of-phase-2 meetings. Some-

times the FDA may be the one to suggest breakthrough therapy to a 

sponsor; if a sponsor submits a request through a different process 

and, after reviewing the data, the FDA thinks the drug may meet cri-

teria for breakthrough therapy designation, the FDA will recommend 

to the sponsor that the drug be submitted as breakthrough therapy. 

Drugs that receive the breakthrough therapy designation are eligible 

for the same features as fast track designation, including intensive 

guidance on an efficient drug development program and commit-

ment to the process by senior managers.2 

Breakthrough therapy designation was given to 9 (22%) of the 

novel drugs approved in 2014. These medications met break-

through designation because of their demonstrated efficacy in se-

rious conditions such as hepatitis C, oncology, and idiopathic pul-

monary fibrosis. Examples include the new combination therapies 

used to treat hepatitis C (Harvoni [ledipasvir/sofosbuvir] by Gilead 

Sciences and Viekira Pak [ombitasvir, paritaprevir, and ritonavir; 

dasabuvir] by AbbVie, both of which also received fast track desig-

nation). These new combination therapies demonstrated efficacy 

superior to that of current therapies, with reported sustained viral 

response rates greater than 95%.1-3

Accelerated Approval
Established in 1992 and updated in 2012, the accelerated approv-

al process from the FDA provides a means by which a drug can be 

approved based on either an intermediate clinical end point, or a 

surrogate end point if it is used to treat a serious condition, and 

if the drug fills an unmet medical need. The accelerated approval 

process was established with the understanding that it can take 

an extended period of time to measure a drug’s intended clinical 

benefit. Under the accelerated approval process, a surrogate end 

point is defined as a marker such as a laboratory measure, radio-

graphic image, physical sign, or other measure that is thought to 

predict clinical benefit. The accelerated approval process has been 
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used primarily in settings in which the disease course is long, such 

as with a variety of cancers and human immunodeficiency virus, 

so that an extended period of time would be required to measure 

the intended clinical benefit of the drug. An example of a drug 

undergoing accelerated approval based on a surrogate end point 

would be an oncology medication being approved based on tumor 

shrinkage instead of actual survival data―an effect on tumor size 

can be assessed relatively rapidly, as opposed to demonstrating 

an effect on survival or morbidity, which would require large and 

lengthy trials.1,2 

The surrogate end point requires evidence that a drug is reason-

ably likely to predict a real clinical benefit. The risk of this approach 

is the possibility that a patient would be exposed to a drug that 

will not be beneficial; the occurrence of rare or delayed adverse 

events is a concern because the product is often approved using 

fewer, smaller, or shorter clinical trials than in the traditional ap-

proval process. Under the accelerated approval process, the phar-

maceutical manufacturer is still required to conduct postmarketing 

confirmatory (phase 4) studies to confirm the clinical benefit. The 

confirmatory trial is generally established to evaluate the clinical 

end point that directly measures clinical benefit. Approval of a 

drug may be withdrawn or the labeled indication may be changed 

if trials do not verify the clinical benefit associated with the drug.2 

In 2014, the FDA approved 8 (20%) of the novel new drugs 

through its accelerated approval process. All but 1 of these drugs 

were designated to treat an oncology-related illness; the other 

(Northera [droxidopa] by Lundbeck) was approved for the treat-

ment of symptomatic neurogenic orthostatic hypotension.1,2 

Priority Review
In 1992, PDUFA established specific goals for improving the drug 

review time and process. One of the improvements that followed 

was moving to a 2-tiered format, consisting of standard reviews 

and priority reviews. For a standard review, the FDA has 10 

months to make a decision on an application, as opposed to a 

priority review, which requires an application to be reviewed within 

6 months. Priority review designations are reserved for drugs that, 

if approved, would bring significant improvements in the effective-

ness and safety of the diagnosis, treatment, or prevention of se-

rious conditions. The pharmaceutical manufacturer may request 

priority review; however, the FDA also decides on the review des-

ignation for every application at the time of NDA, BLA, or efficacy 

supplement filing. The FDA Guidance provides the following exam-

ples of significant improvements:

•  Evidence of increased effectiveness in treatment, prevention, 

or diagnosis of a condition

•  Elimination or substantial reduction of a treatment-limiting 

adverse reaction

•  Documented enhancement of patient compliance that is ex-

pected to lead to an improvement in serious outcomes

•  Evidence of safety and effectiveness in a new subpopulation

Evidence of these improvements can come from comparing the 

investigational drug with currently available therapies. The general 

recommendation is that if there is an available therapy, pharma-

ceutical manufacturers should compare their investigational drug 

with the available therapy, and attempt to show superiority relating 

to either safety or effectiveness. Additionally, manufacturers can 

look to show effectiveness in treating patients who are unable to 

tolerate or have failed to respond to currently available therapies.1,2 

A total of 25 (61%) of the novel drugs approved in 2014 were 

designated priority review, signifying that they have the potential 

to provide a significant advancement in medical care. The vast ma-

jority of these medications would be classified as specialty medi-

cations, many to treat rare diseases, and all to provide new options 

to patients in need of care―coinciding with the overall goal of the 

priority review process.1,2 

Conclusions
The FDA has moved to incorporate various mechanisms to help 

speed the delivery of important medications to patients in need. 

All 4 of the expedited approval processes serve to provide incen-

tives to pharmaceutical manufacturers to continue to innovate 

and bring to market products that further patient care. Regard-

less of the process by which a medication is approved, managed 

care organizations need to assess these products for formulary 

placement by evaluating their safety, efficacy, and overall cost-ef-

fectiveness. Expedited approval processes can pose a challenge 

in regard to evaluation, particularly with accelerated approvals, in 

which drugs are often approved with a small number of trials and 

can have limited phase 2 trial data. By understanding the approval 

process that brought a drug to market, managed care organiza-

tions can recognize how to evaluate these medications and learn 

what to expect from the clinical trial data. 

Alan Pannier, PharmD, MBA, is clinical services manager, Veridicus 
Health, Salt Lake City.
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Producing options for antibiotic resistance presents a com-

plex challenge. Emergence of multi-drug microbial resis-

tance has left clinicians with fewer options and patients 

at increasing risk. Previously reliable drugs for dangerous infec-

tions are no longer effective. US and global epidemiologists are 

encountering, on a regular basis, extensively drug-resistant (XDR) 

microbes. Some of these XDR microbes are resistant to all antibi-

otics except for colistin (also known as polymixin E), a highly toxic 

agent whose use was abandoned in the 1960s.1

There is now a void in the antibiotic pipeline from a treatment 

option perspective. Instead of generating additional effective op-

tions with innovative mechanisms of action, the pipeline has pro-

duced fewer drugs and significantly fewer first-in-class products.  

Various factors influence new drug options as the drugs undergo 

development. Key forces exerting influence on the pipeline include 

prescriber habits, patient compliance, economic pressures on 

drug manufacturers, and resistance characteristics of the targeted 

microbes themselves. These influences have changed the pipeline 

dramatically. 

To set the background against which the antibiotic pipeline 

works, this article reviews primarily the drug-resistance-prone 

bacteria and current efforts to bring about positive change. Illus-

trations of the changing pipeline are presented, including a per-

spective on microbes that will define the antibiotic pipeline in the 

near future.  

According to the CDC, in the United States at least 2 million 

people each year acquire serious infections caused by drug-resis-

tant bacteria. At least 23,000 people die each year as a direct 

result of antibiotic-resistant infections.2 Recent research has led 

to the conclusion that potentially catastrophic consequences may 

result unless the medical profession achieves more significant suc-

cess with evidence-based prescribing. 

Note: Drug resistance related to viruses such as human immu-

nodeficiency virus (HIV) and influenza is not covered in this article. 

Also, Candida is not a bacterial microbe, but is the fourth-most 

common cause of healthcare-associated bloodstream infections 

in the United States. Recent US data demonstrate a significant 

shift among infections toward Candida species with increasing 

resistance to antifungals. This fact, combined with a CDC threat 

classification as serious, has led to the inclusion of Candida here.2

The Need for More Power
Healthcare thought leaders continually report to the public. Their 

message has been discouraging lately with regard to the future of 

antibiotic therapy. Multidrug-resistant bacteria are ending the lives 

of patients around the world each day. Completely new microbes 

have emerged in the forms of HIV and Ebola. 

Unfortunately, overusing the power of the antibiotic cure has 

led to less curative power. A recent survey sponsored by WebMD/

Medscape documented that 95% of healthcare professionals say 

they sometimes prescribe antibiotics when they are not sure they 

are needed. Antimicrobial resistance is now a household concept; 

it appears in national news service headlines and supermarket tab-

loids. Hollywood has certainly profited by creating its versions of 

runaway contagion. 

Sufficient data are now available to describe and verify the re-

sistance phenomenon. The necessity for new, more powerful anti-

biotic options is familiar and understandable to most stakeholders 

by now. Unfortunately, providing new power options to meet this 

challenge is uncertain. 

In response to this challenge, the Infectious Diseases Society of 

America (IDSA), CDC, and FDA are promoting rational drug ther-

apy and antibiotic stewardship with renewed energy. The general 

consensus among these groups is that new antimicrobial options 

emerging from the R&D pipeline will be sufficient to buy more time 

to address drug resistance. But this consensus is only a hopeful 

estimate. These experts also advise that antimicrobial steward-

ship, informed patient compliance, and preservation of the effec-

tiveness of existing drugs will be needed.

Targets of New Drug Options
The CDC currently maintains a comprehensive list of the target 

microbes. For example, Clostridium difficile is a high-level target. 

At least 14,000 people die each year in the United States from 

resistant C difficile infections. Although not a new challenge, meth-

icillin-resistant Staphylococcus aureus (MRSA) is responsible for 

80,000 infections and 11,000 deaths annually.2  Conversely, mul-

tiple bacteria may become resistant to a given drug. Example bac-

teria are Enterococci species, classified as vancomycin-resistant 

Enterococci (VRE) in addition to vancomycin-intermediate (resis-

tance) S aureus. These resistant strains began to emerge in the 

late 1980s.3 The CDC maintains this list of microbes with periodic 

updates. Their target microbe classification system consists of 3 

“threat-level” designations: Urgent, Serious, and Concerning. C dif-

ficile is currently in the Urgent category, while MRSA and VRE fall 

under Serious.

Meeting the Need for New Antimicrobial Options: Factors 
Influencing the Antimicrobial Product Pipeline
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Formulary Central
A new platform showcasing product-specific  

information  to aid in the formulary decision process

visit AJMC.com

© Managed Care &
Healthcare Communications, LLC



14

Clinical Perspectives

Table 1 and 2 list recently approved and upcoming products, 

respectively.

New Directives for the Antibiotic Pipeline 
The Obama administration recently issued a detailed plan to ad-

dress antibiotic resistance and energize the pipeline. The 63-page 

National Action Plan for Combating Antibiotic-Resistant Bacteria 

(The National Plan) was released in late March. The National Plan 

framework was developed by a task force representing multiple 

federal agencies. 

This $1-billion action plan sets target dates for its key goals, in-

cluding reduction of the emergence of resistant bacteria, advanc-

ing the science of diagnostic testing, and characterizing resistant 

bacteria. It also calls for accelerated research and development of 

new antibiotics. In addition to defining its overarching goals, the 

National Action Plan sets specific pathogen eradication goals. For 

example, the 2020 targets include4:

•  a 50% reduction from 2011 estimates in the incidence of C 

difficile

•  a 60% reduction in hospital-acquired carbapenem-resistant 

Enterobacteriaceae infections

•  a 35% reduction in hospital-acquired multidrug-resistant 

Pseudomonas species infections

•  a 50% reduction from 2011 estimates in methicillin-resistant 

Table 1. Select List of Recent Antibiotic Approvals (2014-2015)9

Product Name Generic Name Indication Approval 
Month FDA QIDP

Avycaz ceftazidime-avibactam complicated intra-abdominal and urinary tract infections 2/15 Yes

Bexsero meningococcal group B vaccine invasive meningococcal disease caused by serogroup B 1/15

Cresemba isavuconazonium sulfate invasive aspergillosis and invasive mucormycosis 3/15

Dalvance dalbavancin acute bacterial skin and skin structure infections 5/14 Yes

Harvoni ledipasvir and sofosbuvir hepatitis C 10/14

Impavido miltefosine visceral, cutaneous, and mucosal leishmaniasis 3/14

Jublia efinaconazole 10% topical gel onychomycosis of the toenails 6/14

Kerydin tavaborole onychomycosis of the toenails 7/14

Orbactiv oritavancin acute bacterial skin and skin structure infections 8/14 Yes

Rapivab peramivir injection acute uncomplicated influenza in adults 12/14

Sivextro tedizolid phosphate acute bacterial skin and skin structure infections 6/14 Yes

Viekira Pak ombitasvir, paritaprevir, ritonavir,  
and dasabuvir (oral tablets) genotype 1 chronic hepatitis C virus 12/14

Xtoro finafloxacin otic suspension 0.3% acute otitis externa 12/14

Zerbaxa ceftolozane/tazobactam complicated intra-abdominal and urinary tract infections 12/14 Yes

QIDP indicates qualified infectious disease product.
5 medications with QIDP status have been approved in the past 2 years. 

Table 2. Select Antimicrobials in At Least Phase 3 Development9,12

Product Name Company Drug Class

Cited for Potential 
Activity Against 
Gram-Negative 

Pathogens

FDA QIDP (as of 
March 2015)

Cadazolid Actelion Pharmaceuticals Quinolonyl-oxazolidinone Yes

Carbavance
(RPX7009 + 
meropenem)

Rempex Pharmaceuticals (wholly owned 
subsidiary of The Medicines Company)

Meropenem + novel boronic 
beta-lactamase inhibitor

Yes Yes

Delafloxacin Melinta Therapeutics Fluoroquinolone Yes Yes

Eravacycline Tetraphase Pharmaceuticals Tetracycline Yes Yes

Plazomicin Achaogen Aminoglycoside Yes Yes

Solithromycin Cempra Inc Macrolide (fluroketolide) Yes Yes

Surotomycin Cubist Pharmaceuticals Lipopeptide Yes

Taksta (fusidic acid) Cempra Inc Fusidane

QIDP indicates qualified infectious disease product.
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S aureus bloodstream infections

•  a 50% reduction in inappropriate antibiotic use in outpatient 

settings

•  a 20% reduction in inappropriate antibiotic use in inpatient 

settings

From the practitioner and key opinion leader sector, IDSA pro-

posed a new regulatory pathway, called the Special Populations 

Limited Medical Use (renamed the Limited Population Antibacterial 

Drug pathway).1 The pathway would empower the FDA to approve 

pharmaceutical options to treat drug-resistant, life-threatening 

infections with limited available therapies based on small, rapid, 

and relatively inexpensive clinical trials. The drugs would have a 

much smaller safety database before approval, so indications for 

use would likely be narrow.

To energize the antibiotic pipeline, the IDSA launched the “10 

× ’20 Initiative” in 2010. It calls for the development of 10 novel, 

safe and effective, systemic antibiotics by 2020. At least 45 public 

health organizations and professional societies across the science 

of medicine, including the American Medical Association (AMA) 

and American Academy of Pediatrics, have endorsed the 10 × ’20 

Initiative.5

To help promote antibiotic research and development, the US 

Congress passed the Generating Antibiotics Incentives Now (GAIN) 

Act. President Obama signed this act into law in July 2012. Finan-

cial incentives to the pharmaceutical industry are included in the 

GAIN Act. Under this act, promising medications meeting certain 

criteria can be assigned the status of qualified infectious disease 

product (QIDP). Molecules with the QIDP designation are given ex-

tended patent exclusivity for an additional 5 years after approval. 

They also receive fast-track consideration in the FDA approval pro-

cess. In addition to these advantages, QIDP drug status mandates 

FDA clinical trial guidance and assistance with cross-country trial 

networks. 

Industry Influences on the Pipeline 
As resistance to antibiotics began to emerge, an unexpected 

thing happened: discovery of antibiotics slowed down. Investment 

by American drug companies simply decreased. This pullback in 

development was due in part to the high expense of developing 

antibiotics, which, like most drugs, are costly to develop. Further-

more, antibiotics are typically short-course therapies. Companies 

know that they can generate more revenue with drugs needed for 

maintenance therapy throughout the patient’s life. Another factor 

influencing the pipeline in those days was the high percentage of 

drugs that failed either the safety or efficacy trials.

A case study model of disappearing antibiotic production is 

 Pfizer, once a champion of antibiotic development. Pfizer contin-

ues to produce only 4 antibiotics that the World Health Organi-

zation ranks as necessary for a basic health system. However, in 

2011, Pfizer closed its antibiotic research facility in Connecticut. 

Three other major pharmaceutical companies, Sanofi, Eli Lilly, and 

Bristol-Myers Squibb, have not researched or developed antibiot-

ics since the 1990s.6 

Counter Measures to Multidrug-Resistant Bugs 
As one of the greatest threats to human health worldwide, anti-

microbial resistance is undeniably a force affecting the new drug 

pipeline. Seven decades of development success, enabled in large 

part by antibiotics, are now seriously threatened. In addition to 

clinical practice initiatives, guideline agencies and professional so-

cieties are now recommending changes in the antibiotics R&D pro-

cess. Most proposed changes will focus on funding and the clinical 

trial structure as the molecules undergo investigation.   

For example, specific recommendations to Congress by the 

AMA, IDSA, and other concerned groups now encourage legislative 

action and funding to revive the antibiotic pipeline. Specifically, the 

IDSA recommends adoption of economic incentives and support 

for collaborative mechanisms in order to address the market fail-

ure of antibiotics.6 As proposed currently, this initiative will include 

statutorily defined economic incentives for drug manufacturers. 

In 2013, the FDA released a list of 18 pathogens considered to 

be appropriate targets of QIDP drugs in the pipeline. Future pipe-

line research is expected to focus on these target pathogens. R&D 

efforts directed toward these microbes permits manufacturers to 

qualify for GAIN Act incentives. In 2014, 3 additional microbes 

were added. The qualifying pathogen targets for drugs seeking 

QIDP status as of March 2015 are7:

Recent Approvals and the State of the Pipeline
Global Business Intelligence Research reported in late March that 

741 antibiotic products are currently in development.8 However, 

the majority of new antibiotic products are up for routine generic 

approval, and many are in early-stage development. From a trend-

ing perspective, the antibiotic pipeline has produced significantly 

fewer FDA approvals of systemic (intravenous) antibiotic drugs for 

• Acinetobacter species

• Aspergillus species

•  Burkholderia cepacia 

complex

• Campylobacter species

• Candida species

• C difficile

• Enterobacteriaceae

• Enterococcus species

•  Mycobacterium 

tuberculosis complex

• Neisseria gonorrhoeae

• Neisseria meningitidis

•  Non-tuberculous 

mycobacteria species

• Pseudomonas species

• S aureus

• Streptococcus agalactiae

•  Streptococcus pneumoniae

• Streptococcus pyogenes

• Vibrio cholerae

2014 additions:
• Coccidioides species

• Cryptococcus species

• Helicobacter pylori

© Managed Care &
Healthcare Communications, LLC



16

Clinical Perspectives

serious or life-threatening infections each decade since the 1980s. 

Due to its notoriously difficult processes, antibiotic drug develop-

ment is also burdened with low-percentage approval rates. Only 

12 new drugs have been approved by the FDA and the European 

Medicines Agency since 2000.9

In addition to the 2011 GAIN Act, which was passed to help 

promote new antibiotic development, Europe’s COMBACTE (Com-

batting Bacterial Resistance in Europe) was initiated in 2013. The 

COMBACTE project focuses on addressing the barriers to clinical 

development. A key outcome of the project will be a high quality, 

pan-European clinical trial network. Dubbed COMBACTE CLIN-Net, 

it will be capable of recruiting sufficient numbers of patients into 

multinational trials at all stages of development.  This aspect of 

clinical trial work continues to challenge American investigators. 

As a counterpoint, many analysts have concluded that the high 

failure risk associated with antibiotic development may mean 

that current and future drugs will by necessity demonstrate over-

whelmingly positive results in preclinical trials. Otherwise, pursuit 

of their development is unlikely.10

Teixobactin and Its Back Story, the iChip
A team of scientists led by Kim Lewis of Northwestern Universi-

ty has identified a new antibiotic with the generic name of teixo-

bactin. In collaboration with the University of Bonn, Germany, and 

Northeastern University, Boston, teixobactin was shown to inhibit 

cell wall synthesis by binding to 2 cell wall components: lipid II and 

lipid III.11 The article reports that no resistant mutants of either S 

aureus or Mycobacterium tuberculosis could be generated.

The teixobactin molecule is currently in phase 2 clinical trials. 

However, the back story is the evolution of isolation chip (iChip) 

technology used to isolate and grow previously uncultivable Eleft-

heria terrae, the bacterium that produces teixobactin. Utilization 

of the iChip is expected to make pipeline research of soil-based 

antibiotic molecules much more effective. 

The primary reason for excitement about the iChip is that mi-

crobes, especially those found in soil, are a rich source of antibi-

otics. The problem traditionally has been that the majority of soil 

microbes will not grow in the lab. The iChip allows for the seques-

tering of individual microbes within the agar bubbles of the iChip 

cassette, or “board.” Promising microbes are secured and soak 

up nutrients and growth factors, and the ungrowable grows. Ex-

perts in drug development are calling the iChip transformative in 

terms of its potential to assist antibiotic pipeline drug research.

Who’s in Charge?
Opinions vary widely in regard to the best solution for meeting the 

need for new antimicrobial options. 

Medical science and logic remind us that continuing down the 

road to more powerful drugs could eventually be catastrophic. 

United efforts among practitioners to focus on prudent prescribing 

will hopefully curb the trend. In the short run, powerful drugs will 

be required to buy us more time. The stakes are high, as evidenced 

by new guidelines, new executive orders, and program rollouts. 

The generalists must become specialists of antimicrobial stew-

ardship. The specialists must maintain their voice and continue 

providing guidance. Discovery of new options in the form of safe, 

“resistance-resistant,” first-in-class antibiotics is critical.

Chip Robison, PharmD, is regional coverage pharmacist, Healix Infu-
sion Therapy, Atlanta.

REFERENCES

1.  Spellberg B. New antibiotic development: barriers and opportunities in 2012. 
http://www.tufts.edu/med/apua/news/news-newsletter-vol-30-no-1-2.shtml. 
Alliance for the Prudent Use of Antibiotics Newsletter. 2011;30(1). Accessed May 
12, 2015.

2.  Antibiotic resistance threats in the United States. CDC website. http://www.cdc.
gov/drugresistance/pdf/ar-threats-2013-508.pdf. Published 2013. Accessed 
May 12, 2015.

3.  Uttley AH, Collins CH, Naidoo J, George RC. Vancomycin-resistant enterococ-
ci. Lancet. 1988;1(8575–8576):57–58.

4.  National action plan for combating antibiotic-resistant bacteria. White House 
website. https://www.whitehouse.gov/sites/default/files/docs/national_ac-
tion_plan_for_combating_antibotic-resistant_bacteria.pdf. Published March 
2015. Accessed May 14, 2015.

5.  Organizations endorse IDSA’s 10 × ’20 Initiative as of January 26, 2011. http://
www.idsociety.org/10x20_Endorsing_Organizations. Accessed May 14, 2015.

6.  Krans B. Few new drugs: why the antibiotic pipeline is running dry. Healthline 
website. http://www.healthline.com/health/antibiotics/why-pipeline-running-
dry. Accessed March 27, 2015.

7.  Gaffney A. FDA adds three new pathogens to GAIN Act qualifying list, but impact 
remains unclear. Regulatory Affairs Professional Society website. http://www.
raps.org/regulatory-focus/news/2014/06/19395/FDA-Final-Rule-On-Qual-
ifying-GAIN-Act-Pathogens/#sthash.O2r1zNO5.dpuf. Published June 4, 2014. 
Accessed May 12, 2015.

8.  Antibiotics pipeline boasts 741 products, but first-in-class development 
remains low [press release]. Global Business Intelligence Research website. 
http://www.gbiresearch.com/media-center/press-releases/antibiotics-pipe-
line-boasts-741-products-but-firstinclass-development-remains-low. Accessed 
May 12, 2015.

9.  FDA approved drugs for infections and infectious diseases. CenterWatch website. 
http://www.centerwatch.com/drug-information/fda-approved-drugs/therapeu-
tic-area/25/infections-and-infectious-diseases. Acccessed May 12, 2015.

10.  COMBACTE-CARE. COMBACTE website. http://www.combacte.com/About-
us/COMBACTE. Accessed May 12, 2015.

11.  Ling LL, Schneider T, Peoples AJ, et al. A new antibiotic kills pathogens without 
detectable resistance. Nature. 2015;517(7535):455-459.

12.  Antibiotics currently in clinical development. The Pew Charitable Trusts website. 
http://www.pewtrusts.org/en/multimedia/data-visualizations/2014/antibiot-
ics-currently-in-clinical-development. Published December 31, 2014. Accessed 
May 14, 2015.

© Managed Care &
Healthcare Communications, LLC



17

Clinical Perspectives

Approximately 170 million to 200 million people worldwide 

have a chronic hepatitis C virus (HCV) infection. Of those 

people, 3 to 5 million live in the United States, and many 

of them have had the condition for years without being aware of it. 

Each year in the United States, about 17,000 people develop HCV 

and 12,000 people die of the liver damage that results from the 

virus, such as cirrhosis and/or hepatocellular carcinoma.1,2

When a person is first exposed to HCV, mild illness may develop, 

with or without symptoms. This early portion of the illness, known 

as acute HCV, may last up to 6 months. About 75% to 85% of peo-

ple with acute HCV develop a long-term chronic HCV infection that 

gradually damages the liver without causing other symptoms. The 

remaining 15% to 25% of patients will spontaneously clear the virus 

and will not develop chronic HCV.1

People who develop chronic HCV may have no symptoms for de-

cades—up to 30 years. When symptoms finally do occur, they are 

often signs of advanced liver disease. These symptoms may include 

fever, fatigue, loss of appetite, nausea, vomiting, abdominal pain, or 

dark urine. In addition to causing liver damage, cirrhosis, and liver fail-

ure, chronic HCV can lead to liver cancer. Testing and treatment may 

prevent liver damage, cirrhosis, and, in some cases, hepatocellular 

carcinoma in patients with a chronic infection.1,3 

Testing Is Vital to Detect HCV
The only way to determine whether people have HCV, and con-

sequently to help prevent the spread of the virus, is testing. HCV 

can be detected through an antibody detection panel that is not 

a standard component of regular physical exams. This blood test 

can detect anti-HCV antibodies, which are products of the immune 

system that remain detectable in serum both in patients who have 

cleared the virus spontaneously and in patients with chronic infec-

tion. As a result, if antibodies are present, another blood test will 

be needed to find out whether the antibodies are remnants of an 

acute HCV infection that was immunologically cleared in the past 

or whether the acute infection developed into an active case of 

chronic HCV that requires treatment.1,3,4

Chronic HCV infection is 5 times more common in members of 

the baby boomer generation than it is in the general population―3 

out of every 4 people in the United States who have a chronic HCV 

infection are baby boomers. The CDC recommends that all people 

born between the years 1945 and 1965 get tested for HCV at least 

once.1,3,5

Other people especially at risk for HCV who should be tested 

include those who1,3,4: have human immunodeficiency virus (HIV) 

infection; have liver disease or high levels of liver enzymes in the 

blood; have given or received blood or organs before 1992; are 

undergoing regular hemodialysis; have used injected drugs in the 

past (even if only once many years ago); have been exposed to 

blood accidentally through an accidental needle stick; or have got-

ten a tattoo or body piercing in an informal setting or with non-ster-

ile equipment.

Therapeutic Improvement
Until 2011, the only drugs available for treatment of HCV infec-

tion were the injectable medication peginterferon and the oral 

medication ribavirin. After 2011, a new generation of treatments 

became available. The first of these were the protease inhibitors 

boceprevir and telaprevir, which boosted the efficacy of traditio-

nal medications such as interferons and ribavirin. Another set of 

medications known as direct-acting antiviral drugs became avail-

able in late 2013. These drugs act on specific components of the 

virus. At first, these treatments were used in combination with the 

older treatments, such as injectable peginterferon, but the latest 

treatment regimens incorporating direct-acting antiviral drugs are 

all-oral regimens.2

Older treatments for HCV were associated with adverse events 

that reduced patient adherence levels and caused treatment-limit-

ing side effects. For instance, patients using interferon injections 

often develop severe flu-like symptoms, depression, malaise, and 

even pulmonary fibrosis. Ribavirin, the companion drug of inter-

feron, may cause a severe form of anemia and may lead to birth 

defects if a pregnant woman is exposed to the drug.6,7

Table 1. Common Side Effects With All-Oral Direct-Acting 
Antivirals for HCV8-11

Medication Common Side Effects of 
Treatment Alone

When Used With 
Ribavirin

Viekira Pak 
(ombitasvir, 
paritaprevir, and 
ritonavir tablets; 
dasabuvir tablets)

nausea (16%), pruritus 
(13%), and insomnia (12%)

fatigue (34%), nausea 
(22%), pruritus (18%), 
skin reactions (16%), 
insomnia (14%), and 
asthenia (14%)

Harvoni 
(ledipasvir and 
sofosbuvir)

fatigue (16% to 18% 
depending on the length 
of therapy) and headache 
(11% to 17% depending 
on the length of therapy)

not applicable; not 
used with ribavirin

Sovaldi 
(sofosbuvir) 
and Olysio 
(simeprevir)

fatigue (31%), headache 
(20%), nausea (16%)

not applicable; not 
used with ribavirin

Hepatitis C: New Treatments Offer Improved Efficacy, but at What Cost?

Michael R. Page, PharmD, RPh
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Newer medications for the treatment of HCV include Harvoni (le-

dipasvir and sofosbuvir; Gilead Sciences), Viekira Pak (ombitasvir, 

paritaprevir, and ritonavir tablets; dasabuvir tablets; AbbVie), and 

the combination of Olysio (simeprevir; Janssen) and Sovaldi (sofos-

buvir; Gilead). More are on the horizon: the combination of Daklinza 

(daclatasvir, Bristol-Myers Squibb) and Sovaldi recently received an 

amended breakthrough therapy designation from the FDA. Similarly, 

Merck’s all-oral HCV combination treatment containing grazoprevir 

and elbasvir is under phase 3 investigation. The new medications are 

easier to use than older medications because no injections are re-

quired. Another advantage is the relatively short duration of the new 

regimens: only 12 to 24 weeks are needed, depending on the type of 

HCV infection and other illnesses and complications a patient has. 

Common side effects of the newer treatments, which are less severe 

than the side effects associated with older treatments, are listed 

in Table 1. These groundbreaking new treatments have high rates 

of curing the infection and can prevent the virus from emerging.8-11

Efficacy Gains
Although no vaccine is available for HCV, new treatments can now 

cure the chronic infection. In the past, treatment with peginter-

feron regimens lasted 6 months to 1 year and were successful in 

treating only 40% to 50% of patients. In addition, patients with ad-

vanced liver disease could not use these therapies. Current treat-

ments offer cure rates ranging from 90% to 100% with 12 to 24 

weeks of treatment and do not require injections. Cure rates vary 

depending on each patient’s comorbidities, risk factors, wheth-

er previous therapies failed to cure the virus, and overall health  

level before starting treatment. Efficacy of treatment and treat-

ment strategies also depend on the patient’s specific HCV virus 

genotype.8-12

Direct-Acting Antiviral Product Efficacy
Patients with different genotypes of HCV infection may have differ-

ent cure rates and different responses to existing therapies. Treat-

ments are generally less effective in patients who have comorbid-

ities such as cirrhosis of the liver or hepatocellular carcinoma or 

in patients who have received treatment before without success. 

Because of the heterogeneous nature of the HCV treatment popu-

lation, characterizing the efficacy of various treatments in a single 

statistic can be challenging. Table 2 and Table 3 outline the efficacy 

data for Harvoni and Viekira Pak. In most populations, the cure rate 

with direct-acting antiviral agents exceeds 90%.13,14

The FDA has also approved the combination of Olysio and So-

valdi, based on phase 2 data from the COSMOS trial. In that trial, 

93% of patients with HCV genotype 1 were cured after 12 weeks 

of therapy, and 100% of patients with HCV genotype 1 were cured 

after 24 weeks of therapy. Despite the fact that Olysio and Sovaldi 

are approved for combination use, phase 3 data from the OPTI-

MIST-1 and OPTIMIST-2 trials are not yet complete.4

Although Sovaldi plus ribavirin as an all-oral therapy is approved 

Table 2. Harvoni Efficacy Data8,13

Study Population SVR12 Rate

ION-1 (n = 214) treatment-naïve patients 
with or without cirrhosis

99% (94% in patients 
with cirrhosis, 99% in 
patients without 
cirrhosis)

ION-2 (n =  218)
treatment-experienced 
patients with or without 
cirrhosis

94% with 12 weeks of 
therapy, 99% with 24 
weeks of therapy

ION-3 (n = 431) treatment-naïve patients 
without cirrhosis

94% with 8 weeks of 
therapy, 96% with 12 
weeks of therapy

SVR12 indicates sustained viral response 12 weeks after the end of 
treatment. 

Table 3. Viekira Pak Efficacy Data9,14

For patients receiving Viekira Pak and ribavirin, SVR12 rates 
averaged

97% in treatment-naïve and 96% in treatment-experienced, 
noncirrhotic patients with GT1a infection receiving 12 weeks of therapy

99% in a mixed population of treatment-naïve and treatment-
experienced cirrhotic patients with GT1b infection receiving 12 weeks 
of therapy

95% in a mixed population of treatment-naïve and treatment-
experienced cirrhotic patients with GT1a infection receiving 24 weeks 
of therapy

97% with GT1a infection, and 100% with GT1b infection in patients 
who had previously undergone a liver transplant receiving 24 weeks of 
therapy

91% in patients with GT1a infection, and 100% in patients with GT1b 
infection in patients coinfected with HIV-1 and GT1 HCV receiving 12 to 
24 weeks of therapy

GT indicates genotype; HCV, hepatitis C virus; HIV, human immunodefi-
ciency virus; SVR12, sustained viral response 12 weeks after the end of 
treatment.

Table 4. Sovaldi + Ribavirin Efficacy Data15

For patients receiving Sovaldi + ribavirin + peginterferon,  
SVR12 rates averaged

90% (89% in GT1 patients, 96% in GT4 patients) in treatment-naïve 
patients with or without cirrhosis

For patients receiving Sovaldi + ribavirin, SVR12 rates averaged

67% (95% in GT2 patients, 56% in GT3 patients) in treatment-naïve 
patients with or without cirrhosis

50% (increased to 71% in patients treated for 16 weeks) in treatment-
experienced patients with or without cirrhosis

76% in GT1 patients with 24 weeks of therapy, 88% in GT2 patients 
with 12 weeks of therapy, and 92% in GT3 patients with 24 weeks of 
therapy in patients with HIV-1 infection

GT indicates genotype; HIV, human immunodeficiency virus; SVR12, 
sustained viral response 12 weeks after the end of treatment.
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for use in certain patients with hepatocellular carcinoma awaiting 

liver transplant, SVR12 rates with Sovaldi and ribavirin unassisted 

by peginterferon are lower than those of other direct-acting anti-

viral combinations (Table 4). In spite of this limitation, the com-

bination of Sovaldi and ribavirin may be particularly beneficial in 

patients with cirrhosis. Early trials indicate that the combination 

of Sovaldi and ribavirin may be useful in clearing HCV after liver 

transplant, reducing the need for additional liver transplants in pa-

tients with chronic HCV infection.15

Cost of Direct-Acting Antivirals
It is undeniable that direct-acting antivirals are expensive prod-

ucts. However, they do offer a cure, and it can be argued that they 

reduce potential future costs. According to the Red Book, the aver-

age wholesale price of the 6 most prominent treatments for HCV 

are as follows16:

•  Harvoni: $9450/week

•  Sovaldi: $8400/week

•  Viekira Pak: $8332/week

•  Olysio: $6636/week

•  Pegasys (peginterferon): $1040/week

•  Copegus (ribavirin): $644-$966/week (not used as mono-

therapy)

Conclusions
With treatments for HCV offering cure rates in excess of 90% in a 

3-month course of oral therapy, there have been projections that 

HCV may be virtually eliminated by the year 2036.17 However, this 

estimate is contingent on broad-scale screening that is inconsis-

tent with current medical practice. Although the prices of most 

treatments for HCV are high, these therapies can prevent more 

serious conditions from developing in patients with a chronic in-

fection, such as liver damage, cirrhosis, and in some cases, hepa-

tocellular carcinoma. 

Michael R. Page, PharmD, RPh, is clinical editor for The American 
Journal of Managed Care.
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Those were heady times. We saw ourselves on the verge of 

mastering the immune system and, with such mastery, con-

quering cancer’s most elusive trait. Initial clinical trials were 

not only demonstrating broad antitumor activity, but complete re-

missions in melanoma, as well as significant responses in other sol-

id tumors and hematologic malignancies. We were witnessing the 

dawn of a new therapeutic era with a much-anticipated arsenal of 

weapons that would exploit the human immune system and over-

come cancer’s cloaking device. 

My original research in the field was rewarded with manuscripts 

being accepted by the Journal of Clinical Oncology and JAMA, as well 

as an abstract being selected for  oral presentation at the Ameri-

can Society  of Clinical Oncology’s Annual Meeting.  The year was 

not 2013, it was 1986. I was a fellow at MD Anderson Cancer Cen-

ter in Houston, Texas, in the Developmental Therapeutics Depart-

ment.  Interleukins, interferons, tumor necrosis  factor, cytokines, 

and lymphokines comprised a new language of biologic  therapies 

that would eclipse and replace  the cytotoxic and cytostatic 

traditional chemotherapies of the past. The enthusiasm over this first 

generation of immuno-oncology agents was eventually tempered by 

toxicity and limited efficacy,  leading to the commercialization  of 

only a handful of agents that would  have an impact on relatively 

small disease  populations of hairy cell leukemia,  chronic myeloid 

leukemia, HIV-related  lymphoma, localized recurrent bladder  can-

cer, melanoma, and renal cell cancer. Over the subsequent 2 de-

cades, a second generation of development, pioneered by Steven 

A. Rosenberg, MD, PhD, at the National  Cancer Institute (NCI), 

heralded a future for vaccine-based therapy, which failed to mate-

rialize. Eventually, researchers  explained the failure of these  first 

2 forays into immuno-oncology by elucidating the mechanisms by 

which tumors evaded the activated and enriched T-cells: the tumors 

subverted immune checkpoint pathways and other immuneregula-

tory mechanisms.

Now, nearly 30 years later, we find ourselves at a similar junc-

tion in the history of cancer and drug discovery, filled with prom-

ise and triumph as science conquers  another frontier. How is 

this third  generation of immuno-oncology different?  Why is this 

scientific breakthrough more transcendent? What will be the re-

sponse  of stakeholders—patients, providers, and  payers—to the 

emergence of this new class of therapeutics? Are these times and 

circumstances really so different? Such are the questions before 

us. 

Stakeholder adoption of new therapeutics classically hinges on 

the quality valuation triad of efficacy, toxicity, and cost. But as we 

have learned from experience and the discipline of beha vioral eco-

nomics, our choices of treatment  are often more complex. We 

are  immersed in an era of precision medicine  and targeted drug 

development, convinced that each cancer has its unique  gene 

signature and thereby represents an  N of 1. Tumors that appear 

phenotypically  identical are genetically distinct, owing  to the dif-

ferential expression of multiple mutated genes (from 10 to >100), 

without  a clear distinction of the most critical  gene(s). Targeted 

treatment of such  patients has produced some dramatic  respon-

ses, albeit transient and without cures.1 Thus, the allure of precision 

medicine combined with targeted therapy is becoming tarnished by 

tumor adaption to pathway interference, resulting in the  lack of a 

durable response—reminiscent of the limitations of traditional che-

motherapy. What makes immuno-oncology seem so transformative 

and thereby so appealing is the gestalt of panacea, therapies that 

are histology agnostic unleashing an immune system to recognize 

self from abnormal self regardless of cell origin. Even more so today 

than in the 1980s, we are rightly captivated by the promise of an ar-

senal of broadly active antitumor drugs that demonstrate rapid and 

durable responses with limited grade 3 to 4 toxicity. 

A corollary to the perception of immuno-oncology as the an-

ticipated evolution of cancer treatment is its equally compelling 

mechanism of action. Stakeholders are much more likely to em-

brace treatments that  intellectually and emotionally  appeal to 

them.  Many complex multicellular  regulatory events keep  the 

immune system from  overreacting to a stimulus  or mistaking a 

Figure. Immune Checkpoint Inhibitors: The Present and 
the Promise in Metastatic Melanoma10

Adapted from: Berman K, Korman A, Peck R, Feltquate D, Lonberg 
N, Canetta R. The development of immunomodulatory monoclonal 
antibodies as a new therapeutic modality for cancer: the Bristol-Myers 
Squibb experience [published online December 1, 2014]. Pharmacol 
Ther. doi:10.1016/j.pharmthera.2014.11.017.
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component of itself for a dangerous invader. Most notable in the 

“antigen presenting  cell-T-cell–microenvironment”  that regulates 

inflammatory responses in  the tissues is the programmed cell 

death protein 1 (PD-1) pathway. One or both of the PD-1 ligands, 

PD-L1 and PD-L2, which are expressed on cells in the tissues, bind 

to PD-1 receptors on T cells and inhibit their function. Blocking this 

interaction between PD-1 and its ligands can result in T-cell activa-

tion and a more florid tissue inflammatory response.2 Although this 

third generation of immuno-oncology  truly began with the FDA’s 

approval of the vaccine sipuleucel-T (Provenge) in 2010 and the 

immunostimulatory cytotoxic  T-lymphocyte–associated protein  4 

(CTLA-4) monoclonal antibody ipilimumab  (Yervoy) in 2011, the 

PD-1 pathway drugs are driving our current interest in immuno-on-

cology, as response rates with  ipilimumab and sipuleucel-T have 

been modest at best.3,4 

Efficacy
Despite the increasing impact of cost on treatment considerations 

and toxicity  on prescribing patterns, efficacy remains  the most 

critical driver of new therapeutic adoption. Recently published re-

ports provided additional data on the efficacy of immune therapy; 

specifically, on the  role of antibodies blocking the PD-1 recep-

tor pathway in the treatment of metastatic cancer. Robert et al de-

scribed an improved objective response rate (ORR) (40%) and 1-year 

survival rate (72.9%) among patients with untreated metastatic mel-

anoma who received the anti–PD-1 drug nivolumab compared with 

dacarbazine.5 Ansell et al reported a remarkably high ORR of 87% 

among heavily pretreated  patients with Hodgkin’s lymphoma  re-

ceiving nivolumab.6 In September 2014,  another anti–PD-1 drug, 

pembrolizumab  (Keytruda), was granted accelerated approval  in 

the United States, but only for  the treatment of metastatic mela-

noma in patients with progressive disease after treatment with the 

current standard of care, ipilimumab (an anti–CTLA-4 antibody) and 

a BRAF-targeted agent (for tumors with a V600 mutation).7 Break-

through Therapy designation for pembrolizumab  in advanced non-

small cell lung  cancer was supported by response data  from the 

ongoing phase 1b KEYNOTE-001 study.8 Pembrolizumab, like other 

drugs in the PD-1 pathway, is actively being studied as monotherapy 

and in combination across more than 30 types of cancers. But such 

robust responses, as has been published by Roberts and Ansell et 

al, are not the case in all tumors studied.5,6 In the KEYNOTE-012 trial, 

pembrolizumab resulted in a meager 18.5% response rate in women 

with triple-negative breast  cancer.9  Similar response rates with 

PD-1 inhibitors in other solid tumors may diminish their popularity.   

Efficacy, in and of itself, may be seen as a complex triad of fac-

tors including  time, depth, and duration of response.  One of the 

most striking observations  from the checkpoint-inhibitor clinical 

trials  is the early objective responses and  durable tumor control 

and survival (Figure). The vast majority of responders do so rap-

idly  with upward of 80% maximum tumor  shrinkage, including 

complete response,  within 12 weeks of initiation.10 Unleashing  a 

memory-immune response may also result in long-term disease sta-

bilization as T cells are stimulated by peptide  ligands, resulting in 

memory that may be lifelong. Maturing data in more than 4800 pa-

tients have shown that approximately 1 in 5 patients treated with 

ipilimumab has the potential to survive for at least 3 years, and up 

to 10 years, from treatment  initiation, which more than doubles 

results with conventional drugs.11 Although the PD pathway may be 

the poster child  for this third generation of immuno-oncology due 

to its compelling mechanism of action and impressive clinical trial 

survival data, the field of immuno-oncology is becoming incredibly 

crowded and competitive, especially for the first generation of tar-

gets (eg, CTLA-4, PD-1/PD-L1, TIM3, LAG3, and OX40). 

Toxicity
When treatment is not curative, toxicity becomes a significant fac-

tor in stakeholder adoption. There was early recognition that stim-

ulating the immune system  might result in autoimmune events: 

as  expec ted, enterocolitis, hepatitis, dermatitis,  pneumonitis, en-

docrinopathy, and neuropathy have been the most common auto-

immune-related adverse events (AEs)  observed. Rate of AEs with 

single agent immuno-oncology regimens have ranged from 46% to 

64% for any grade event and 6% to 18% for grade 3 to 4 events.10 In 

the KEYNOTE-012 trial, 18 of the 32 treated patients experienced a 

treatment-related AE.9 Four patients had grade 3 events, which in-

cluded anemia, headache, aseptic meningitis, and pyrexia; 1 patient 

had a grade 4 event. A concern for increased toxicity with combi-

nation therapy was corroborated when grade 3 to 4 toxicities were 

observed in 62% of patients treated with the combination of ipili-

mumab and nivolumab.12 The unusual constellation of autoimmune 

AEs may pose a dilemma for oncologists not accustomed to identify-

ing and managing such conditions. Despite low levels of serious AEs 

with single-agent PD-1 treatment, the toxicity profile and early safety 

signals with combination therapies may limit stakeholder adoption. 

Companion Diagnostics
The impact of a cultural shift to precision  medicine may also be 

a factor in the  breadth of immuno-oncology adoption.  Immuno-

histochemical analysis following  anti–PD-1 therapy in metastatic 

mela noma  has shown higher response rates and  improved pro-

gression-free survival in patients  with at least 5% of tumor cells 

from a pretreatment metastatic lesion staining for membrane PD-L1 

expression. In the study by Robert et al, melanoma patients were 

stratified according to tumor PD-L1  expression status. However, 

nivolumab showed substantial benefit even in patients with negative 

or indeterminate biomarkers.5  Will clinical pathways depend  on 

biomarkers to select between anti-BRAF and anti–PD-1 therapy in 

patients with BRAF-mutated metastatic melanoma or to determine 

which patients might be better responders following anti-PD-1 ther-

apy alone? Or perhaps to choose the best  combination therapy 
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among the many potentially active ones that will be developed over 

the coming years? Due to the  complex tumor-host relationship 

and multitude of variables that may influence outcome with respect 

to pharmacologic intervention, development of reliable and afford-

able predictive biomarkers will be difficult and require a substantial 

investment  in resources. The findings of Robert et al have under-

scored the need to validate a prospective predictive biomarker in a 

randomized, controlled clinical trial.

Cost
The unsustainable cost trend in healthcare  in general, and cancer 

care in particular, has often been blamed on the rising cost of drug 

treatment. The last 10  oncology drugs that have come to mar-

ket, including the immuno-oncology agents discussed herein, have 

price tags that exceed $10,000 per month. Although the cost ver-

sus value can be debated, cost has increasingly become a factor 

in stakeholder adoption. Even when novel therapeutics are awarded 

Breakthrough Therapy designation or demonstrate cure  (as in the 

case of the new class of hepatitis C drugs), cost has been at the fore-

front of stakeholder discussions. The potential scope of application, 

coupled with continued use as maintenance therapy in responders, 

likelihood of combination  therapy, and effectiveness in transform-

ing life-threatening diagnoses to chronic diseases magnify the price 

scrutiny of immuno-oncology agents. I believe that the parallels to 

hepatitis C agents cannot be overstated and that the recent mar-

ket response should be viewed seriously, as 3 to 6 PD-1 pathway 

drugs will likely enter the market with similar indications and label-

ing in the next 2 years.

Conclusions
The foundation for immuno-oncology as  an anticancer treatment 

was built upon  the knowledge that tumor cells can use  complex 

and overlapping mechanisms to avoid immune detection. As the ev-

idence builds around the impressive clinical activity of PD-1 and PD-

L1 antagonists in patients with a variety of cancers, the critical and 

foundational role of immune interventions in cancer treatment is no 

longer deniable. The success achieved to date was accomplished 

with agents directed against only 2 of the many potentially import-

ant  immune targets. Rapid responses, durable tumor control, and 

long-term survival through harnessing the power of the immune sys-

tem are now realities. Data with agents that block CTLA-4, PD-1, 

and other checkpoint proteins are affording a benchmark to mea-

sure the efficacy of  future therapies while stimulating interest  in 

alternative sequencing or smart combination approaches to further 

improve outcomes. The potential for broad antitumor activity agnos-

tic to histology or complex genotype, rapid onset of response, the 

relatively low toxicity profile  of PD-1 and PD-L1 antagonists, and 

the possibility of T-cell memory resulting in durable responses dif-

ferentiate this third  generation of immuno-oncology agents  from 

its predecessors. We must remember, however, that these agents 

have  toxicities, are enormously expensive,  and are not currently 

curative. Informed  stakeholders are likely to weigh all these  fac-

tors carefully in their decision to adopt  immuno-oncology drugs. 

Bruce Feinberg, DO, is vice president and chief medical officer, Cardinal 
Health Specialty Solutions.
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Patient Adherence and CMS Reimbursement Policies for Combination 
Oral Anti-Diabetic Therapies

The treatment landscape for type 2 diabetes mellitus (T2DM) 

has broadened greatly over the past decade with innovative 

therapies now targeting several distinct pathways involved in 

the metabolic regulation of blood glucose levels. The advent of these 

treatments has sparked a new race in the pharmaceutical industry 

to demonstrate clinical and cost-effectiveness benefits compared 

with standard-of-care therapies.

One noticeable trend in the development of new oral anti-dia-

betic products is the increase in fixed-dose combination therapy 

(FDCT) products, which aim to increase efficacy in lowering glyca-

ted hemoglobin (A1C) and blood glucose while reducing the side 

effects of the individual agents used. Several FDCT products com-

bining metformin with a sulfonylurea, thiazolidinedione, or dipep-

tidyl peptidase-4 (DPP-4) inhibitor are already on the market. Oth-

er new and upcoming products combine these medications with  

newer agents, such as the sodium-glucose co-transporter 2 (SGLT-

2) inhibitors. While the goal of preserving or increasing market 

share for a product is common among developers of these combi-

nation therapies, the benefits of these products to patients will no 

doubt come under increasing scrutiny from payers.

Patient Adherence With FDCT 
One rationale for developing FDCT products is that they will benefit 

patients by increasing their adherence to prescribed medication 

regimens. By reducing a patient’s pill burden, especially for those 

with additional comorbidities requiring dual or triple therapy, an 

FDCT product may offer a more convenient administration option 

than loose-dose combination therapy (LDCT) with individual prod-

ucts.

Several studies have evaluated the impact on adherence rates 

of switching patients from dual therapy to FDCT. One retrospective 

cohort analysis of 7570 FDCT users and 14,762 LDCT users in 

the Texas Medicaid prescription claims database showed a 12.4% 

increase in patient adherence.1  A separate study focusing on 

patients treated with pioglitazone and metformin found an 8.9% 

increase in adherence when switching from LDCT to FDCT,2 and 

analyses of 17 different studies conducted between 1998 and 

2009 yielded similar results, with improvements in adherence 

ranging from 10% to 13% with FDCT compared with LDCT.3

The increased adherence seen with FDCT products has trans-

lated into improved clinical outcomes and cost-effectiveness for 

patients. Several studies analyzing the effect of nonadherence to 

prescribed oral anti-diabetic regimens on glycemic control found 

increased risks of all-cause hospitalization and mortality due to 

complications from poorly treated diabetes.3 The subsequent eco-

nomic burden of these complications was also evaluated, and a ret-

rospective analysis of 100,000 patients with T2DM found ann ual 

increased healthcare costs of $336 and $1509 for nonadherent 

metformin and sulfonylurea users, respectively, compared with ad-

herent users.3 These figures were obtained even after accounting 

for the increased cost of medication that comes with improved 

adherence, showing that the medication cost was more than offset 

by the cost savings from averted hospitalizations.3 The cost of an 

FDCT product (Actoplus Met, pioglitazone/metformin) compared 

with its analogous LDCT products was also studied, and the FDCT 

product was found to be $0.26 less per tablet compared with the 

LDCT products, leading to a cost savings of approximately $8 per 

patient per month with FDCT therapy.2

CMS Reimbursement Policies for FDCT Products
Despite these findings, which support the clinical efficacy and eco-

nomic benefits of FDCT therapy, a cost-cutting battle continues 

over the formulary inclusion status of these products in Medicare 

Prescription Drug Benefit Program (Part D) plans. CMS proposed a 

change for 2015, struck down in June 2014, that would have made 

FDCT products exempt from being required on the formularies of 

Part D plans. The rationale given for this change was that because 

all individual medications in a given therapeutic class would be 

included on the formulary as single-entity products, requiring the 

inclusion of FDCT products would be redundant and unnecessary.

The proposed change would also have both encompassed 

protected therapeutic classes such as anticonvulsants and an-

tineoplastics, which traditionally include all medications in the 

class on formulary without restrictive prior authorization require-

ments,4 and removed the protected designation for immunosup-

pressants, antidepressants, and antipsychotics, which would re-

duce the number of medications on formulary for these classes 

in a bid to lower drug costs. CMS proposed that antiretroviral 

medications be excluded from this exception, under the rationale 

that nonadherence to treatment in this therapeutic class presen-

ted far more serious clinical consequences than in other cases. 

As such, CMS concluded that the benefit of increased adherence 

with antiretroviral FDCT products would warrant formulary inclu-

sion in addition to the single-entity products.4 For now, there are 

no active proposals to exempt FDCT therapies in protected drug 

classes from required formulary inclusion. However, it remains to 

David Yao
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be seen what future guidance CMS will issue regarding FDCT med-

ications, as the agency continues to pursue costcutting strategies 

while considering the potential clinical and economic benefits of 

these products.

FDA Position on FDCT Products
The proposed changes to Medicare Part D regarding FDCT prod-

ucts come even as the FDA has reconsidered exclusivity rules for 

such therapies. In recognition of the clinical and cost-effectiveness 

benefits provided by FDCT products, the FDA finalized an indus-

try guidance in October 2014 that extended exclusivity to 5 years 

for newly approved FDCT products that combine a New Chemical 

Entity (NCE) with previously approved components. This benefit, 

however, will not apply retroactively: any FDCT products approved 

prior to finalization of the guidance will retain their 3-year exclu-

sivity. In making this change, the FDA noted the benefits of FDCT 

products, such as improved patient adherence and clinical out-

comes, as well as advantages in certain therapeutic areas, such 

as anti-infectives in combating drug resistance. As such, the FDA 

considered the change in exclusivity rules an incentive to encour-

age the development of novel FDCT products.5

David Yao, at the time this was written, was a PharmD candidate at 
the Ernest Mario School of Pharmacy, Rutgers, the State University of 
New Jersey.
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Product Profiles: Breo Ellipta (fluticasone furoate and vilanterol inhalation powder)

Asthma is a chronic disease of the airways. Symptoms may 

include coughing, shortness of breath, wheezing, or a feel-

ing of tightness or pain in the chest. Asthma may worsen 

as a result of exposure to environmental triggers, such as aller-

gens, exercise, tobacco smoke, or air pollution, or during an upper 

airway infection. Such worsening, known as exacerbations, may 

necessitate acute treatment.1,2

In the United States, asthma affects 22 million people, includ-

ing more than 6 million children. Expressed another way, approxi-

mately 8% of children and 7% of adults have asthma. In 2009, pa-

tients with asthma visited the emergency department 1.9 million 

times for asthma exacerbations and visited a physician’s office 8.9 

million times. Each year, asthma is responsible for an estimated 

497,000 hospitalizations, and burdens the healthcare system with 

$56 billion in annual costs of care.1-3

Breo Ellipta for Asthma in Adults
On April 30, 2015, GlaxoSmithKline announced approval by the 

FDA of Breo Ellipta (fluticasone furoate and vilanterol inhalation 

powder) as a once-daily treatment for patients 18 years or  older 

with asthma. Breo Ellipta was approved by the FDA in 2013 as 

a long-term once-daily maintenance treatment for airflow ob-

struction in patients with chronic obstructive pulmonary disease 

(COPD) and to reduce exacerbations in patients with COPD and a 

history of exacerbations.4,5

Breo Ellipta, like all products containing long-acting beta2-adren-

ergic agonists (LABAs), carries a black-box warning for asthma-re-

lated death. Although Breo Ellipta contains vilanterol, the related 

drug, salmeterol, has been associated with an increased risk of 

asthma-related death. Importantly, current data are inadequate 

to determine whether use of inhaled corticosteroids mitigates the 

risk of asthma-related death associated with LABAs. Some data 

indicate that pediatric and adolescent patients using LABAs may 

be at risk for asthma-related hospitalization.4

Contraindications for the use of Breo Ellipta include primary 

treatment of status asthmaticus or acute episodes of COPD or 

asthma that require intensive measures for treatment. In addition, 

the use of Breo Ellipta is contraindicated in patients with severe 

hypersensitivity to milk proteins or to any of the ingredients in the 

formulation. In addition to containing lactose monohydrate (which 

may contain milk proteins), the inhalation powder contains a very 

small amount (125 mcg) of magnesium stearate.4

Mechanism of Action
Mechanistically, the 2 ingredients in Breo Ellipta work together to 

counteract bronchoconstriction and inflammation. Fluticasone fu-

roate is a trifluorinated corticosteroid with anti-inflammatory phar-

macologic activity in lung tissue. In vitro studies with fluticasone 

furoate indicate a greater binding affinity for the glucocorticoid re-

ceptor in humans that is 29.9 times greater than that of dexameth-

asone, and 1.7 times greater than that of fluticasone propionate. 

Whether or not this finding in vitro translates to improved efficacy 

versus dexamethasone and fluticasone propionate is unknown.4 

The precise mechanism of action of fluticasone furoate and 

other inhaled corticosteroids in COPD and asthma is unknown; 

however, in general, inflammation is known to have an important 

role in the pathogenesis of COPD and asthma. Corticosteroids 

may affect inflammation in several ways, such as by modifying the 

activity of immune system cells such as mast cells, eosinophils, 

neutrophils, macrophages, and lymphocytes. Additionally, cortico-

steroids change the activity of certain inflammatory mediators in 

the body, including histamine, eicosanoids, leukotrienes, and cy-

tokines.4 

Vilanterol, the LABA in Breo Ellipta, has a functional selectivity 

for beta2 receptors similar to that of salmeterol, based on in vitro 

studies. However, the clinical relevance of this in vitro finding is 

unknown. Adrenergic beta2 receptors are the most common ad-

renergic receptor type in bronchial smooth muscle, and are less 

common in human heart tissue.4 As a result, targeting the beta2 

receptor may lead to less stimulation of heart tissue, and less 

tachycardia than use of a nonselective beta agonist. 

Pharmacologically, beta2 agonists stimulate the release of intra-

cellular adenylyl cyclase, catalyzing the conversion of adenosine 

triphosphate to cyclic adenosine monophosphate (cAMP) in bron-

chial smooth muscle. Increased levels of cAMP, in turn, trigger 

relaxation of bronchial smooth muscle, and inhibit inflammatory 

mediator release, especially from mast cells.4

Dosage and Administration
Breo Ellipta is supplied in a disposable, light-gray and blue plastic 

inhaler. Each inhaler contains 2 foil strips of powder, with 1 strip 

containing fluticasone furoate in each blister and the other strip 

containing vilanterol. The inhaler should be stored at room tem-

perature (ie, between 68°F and 77°F) and kept away from heat 

and sunlight.4 

Breo Ellipta comes in 2 strengths, containing either 100 mcg of 

fluticasone furoate and 25 mcg of vilanterol per inhalation, or 200 

mcg of fluticasone furoate and 25 mcg of vilanterol per inhalation. 

The recommended dose for treatment of both asthma and COPD 

is 1 inhalation daily.4

Breo Ellipta Receives Approval for Adult Asthma as  
Additional Indication
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Each inhalation should be taken at the same time each day, and 

doses of Breo Ellipta should not be administered more than once 

per 24-hour period. Patients using more than 1 dose in a 24-hour 

period may experience adverse effects, such as tachycardia. Im-

portantly, in patients with COPD, the only approved dosage of Breo 

Ellipta is 100 mcg/25 mcg once daily, whereas in asthma, Breo 

Ellipta 100 mcg/25 mcg or 200 mcg/25 mcg can be used.4 

Patients should be advised to rinse their mouth with water af-

ter inhalation, without swallowing the water, to reduce the risk of 

developing a fungal (Candida albicans) infection of the mouth or 

pharynx.4 

In patients with asthma, the appropriate starting dose should 

be chosen based on the severity of the patient’s asthma symp-

toms. For instance, if a patient previously received a lower corti-

costeroid dose, the lower strength of Breo Ellipta should be con-

sidered, whereas patients with asthma who previously received a 

higher corticosteroid dose may be better candidates for the higher 

strength of Breo Ellipta.4   

Pharmacology and Pharmacokinetics
Pharmacokinetically, with repeat administration, fluticasone fu-

roate and vilanterol steady state levels are 

reached within 6 days. With repeat dosing 

versus single dosing, fluticasone furoate accu-

mulates by a factor of 2.6 times, and vilanterol 

accumulates by a factor of 2.4 times.4 

Peak levels of fluticasone furoate are 

reached within 30 minutes to 1 hour, and sys-

temic bioavailability is approximately 15% from 

the lung and approximately 1% from uninten-

tionally swallowed medication. In patients with 

COPD, the area under the concentration-time 

curve (AUC) level of fluticasone furoate was 

46% lower versus healthy subjects. Converse-

ly, in patients with asthma, the AUC level of flu-

ticasone furoate was 7% lower than in healthy 

subjects.4

Vilanterol has an elimination half-life after 

multiple dose administration of 21.3 hours in 

patients with COPD and 16 hours in patients 

with asthma. The medication is primarily me-

tabolized by cytochrome P450 (CYP) 3A4, and 

excretion is primarily fecal.4

Although hepatic impairment may affect 

pharmacokinetics (ie, levels of fluticasone 

furoate are increased approximately 3-fold in 

patients with hepatic impairment), dose ad-

justment is not necessary. Patients with renal 

impairment, including those with a creatinine 

clearance less than 30 mL/min, did not have 

significantly different exposure to fluticasone furoate or vilanterol 

than healthy control patients. No dosage adjustment is necessary 

in patients with renal impairment.4

Clinical Studies in Asthma
In patients with asthma, Breo Ellipta has been evaluated in a total 

of 9969 patients across 4 confirmatory clinical trials lasting 12 to 

76 weeks in duration. A comparative trial of Breo Ellipta versus 

fluticasone propionate/salmeterol 250 mcg/50 mcg lasted 24 

weeks.4

In a dose selection study, patients with asthma were treated 

over a period of 28 days. In the randomized, placebo-controlled, 

parallel-group trial, patients received placebo or vilanterol at 5 daily 

dosage levels ranging from 3 mcg to 50 mcg daily. Least-squares 

mean improvements in forced expiratory volume in 1 second (FEV1) 

versus placebo in groups receiving 3-, 6.25-, 12.5-, 25-, and 50-mcg 

daily doses of vilanterol ranged from 64 mL to 162 mL. As a result, 

the 25-mcg daily dosage was chosen for further trials. In a similar 

way, investigators chose 200 mcg as the ceiling dose of fluticasone 

furoate in patients with asthma, as no additional benefit with doses 

above this level were detected.4 

Table 1. Asthma Trial 1: Adverse Reactions Occurring in ≥2% of Patients Given 
Breo Ellipta 100/25 and More Common Than in Those Given Placebo4

Breo Ellipta  
100/25 mcg  
(n = 201), % 

Fluticasone Furoate  
100 mcg 

(n = 205), % 

Placebo  
(n = 203), %

Nasopharyngitis 10 7 7

Headache 5 4 4

Oral candidiasis 2 2 0

Oropharyngeal pain 2 2 1

Dysphonia 2 1 0

Source: Breo Ellipta prescribing information.

Table 2. Adverse Reactions Occurring in ≥2% of Patients With Asthma Given 
Breo Ellipta 200/25 and Breo Ellipta 100/254

Breo Ellipta  
200/25 mcg  
(n = 346), % 

Breo Ellipta  
100/25 mcg  
(n = 346), % 

Fluticasone Furoate 
100 mcg  

(n = 347), % 

Headache 8 8 9

Nasopharyngitis 7 6 7

Influenza 3 3 1

Upper respiratory 
tract infection 2 2 3

Sinusitis 2 1 <1

Bronchitis 2 <1 2

Oropharyngeal pain 2 2 1

Cough 1 2 1

Source: Breo Ellipta prescribing information.
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Over 24 to 76 weeks, patients receiving Breo Ellipta at a 100 

mcg/25 mcg daily dose experienced significant decreases in the 

risk of asthma exacerbations and the time to first exacerbation 

compared with an active control group receiving fluticasone furo-

ate 100 mcg daily. Improvements in area under the FEV1 versus 

time curve over 0 to 24 hours ranged from 77 mL to 193 mL, de-

pending on the trial. Although children as young as 12 years were 

enrolled in some of these trials, Breo Ellipta was approved for use 

in adults 18 years or older with asthma. Adverse events are sum-

marized in Tables 1 and 2.4

Warnings and Precautions 
Asthma-Related Death
Important warnings and precautions with Breo Ellipta include a po-

tential increase in the risk of asthma-related death and asthma-re-

lated hospitalizations, a recommendation against use in patients 

with acutely deteriorating COPD or asthma, and a recommenda-

tion against using Breo Ellipta to treat acute symptoms. In addi-

tion, patients should be monitored periodically, and should not use 

any other medication containing a LABA.4 

Pneumonia and Infections
Patients using Breo Ellipta may be at increased risk of developing 

pneumonia, particularly patients with COPD. Patients should be 

monitored for signs of worsening infection, such as tuberculosis 

or fungal, bacterial, viral, parasitic, or ocular herpes simplex infec-

tions. Serious and even fatal outcomes can occur in patients who 

develop chickenpox or measles while using Breo Ellipta.4 

Adrenal Suppression
Because Breo Ellipta contains a corticosteroid, there is a risk of im-

paired adrenal function, particularly when transitioning from a sys-

temic corticosteroid to an inhaled corticosteroid. As a result, systemic 

corticosteroids should be tapered off slowly, not abruptly, when pa-

tients transition from long-term systemic corticosteroid treatment to 

Breo Ellipta maintenance therapy.4

Monitoring
Patients who experience paradoxical bronchospasm after using 

Breo Ellipta should use alternative therapy. In addition, patients 

with cardiovascular disorders should be monitored closely, as 

 beta-adrenergic stimulation can affect the heart. Patients with 

glaucoma and patients at risk for cataracts should be monitored by 

an eye care professional periodically while using Breo Ellipta. Pa-

tients with convulsive disorders, thyrotoxicosis, diabetes mellitus, 

and ketoacidosis should use Breo Ellipta with caution. Monitoring 

for hypokalemia and hyperglycemia is recommended.4

Drug-Drug Interactions
Important drug interactions may occur with concomitant use of 

Breo Ellipta with strong inhibitors of CYP3A4 enzymes. These med-

ications may increase effective levels of the medications in Breo El-

lipta, potentially leading to systemic corticosteroid and cardiovas-

cular effects. Patients taking monoamine oxidase inhibitors and 

tricyclic antidepressants should use Breo Ellipta with extreme cau-

tion, as these medications may increase the patient’s sensitivity 

to vilanterol. In addition, beta-blockers may block the bronchodila-

tory effects of vilanterol, producing bronchospasm; beta-blockers 

should be used with caution. In addition, due to the potential for 

electrolyte imbalance, diuretics should be used with caution; there 

is the potential for electrocardiographic changes or hypokalemia 

with use of potassium-depleting diuretics with beta-agonists such 

as vilanterol.4 

Reproductive Hazards
Although there are no adequate and well-controlled trials of Breo 

Ellipta in pregnant women, based on animal reproduction studies, 

Breo Ellipta is a Pregnancy Category C medication. Breo Ellipta 

should be used in pregnant women only if the potential benefit 

justifies the potential risk to the fetus. Caution is recommended in 

breastfeeding as well, because it is not known if the medications 

in Breo Ellipta pass into breast milk.4

Common Adverse Events
In patients using Breo Ellipta for COPD, the most common adverse 

events, defined as adverse events occurring with an incidence of 

3% or higher, were nasopharyngitis, upper respiratory tract infec-

tion, headache, and oral candidiasis. Among patients with asth-

ma, common adverse events, defined as adverse events occurring 

with an incidence of 2% or higher, included nasopharyngitis, oral 

candidiasis, headache, influenza, upper respiratory tract infection, 

bronchitis, sinusitis, oropharyngeal pain, dysphonia, and cough. 

For a complete discussion of potential adverse events and drug 

interactions with Breo Ellipta, the prescribing information can be 

consulted.4

Guideline Recommendations
Draft guidelines for asthma management published by the Natio-

nal Heart, Lung, and Blood Institute advise a goal-based treatment 

strategy for asthma control. Treatment should be tailored to reduce 

symptoms and maintain pulmonary function and normal activity 

levels. Patients should be monitored at 2- to 6-week intervals, and 

follow-up contacts with the physician are recommended at intervals 

of 1 to 6 months, depending on control status.1

Patients may be monitored based on FEV1 readings and forced vi-

tal capacity measures. Monitoring and follow-up are essential com-

ponents of management. Symptoms, nighttime awakenings, and 

the frequency of exacerbations are also important considerations 

in deciding whether to intensify therapy, reduce treatment intensity, 

or maintain the existing therapeutic action plan. This stepwise phar-
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macologic treatment plan involves stepping therapy up and down as 

necessary to maintain control.1

Treatment options include short-acting bronchodilators; long-act-

ing control medications, such as inhaled corticosteroids; inhaled 

LABAs; and combinations of these treatments, such as Breo Ellipta. 

Other therapies, such as steroids and leukotriene antagonists, may 

be used in certain cases.1 

In the management of asthma, monitoring, patient education, and 

adherence are important parts of reducing the risk of exacerbations 

and improving patients’ quality of life. Guidelines recommend that 

patients be provided with a written asthma action plan to monitor 

symptoms and adjust therapy acutely without the aid of a physician. 

In addition, pharmacists must discuss the proper use, cleaning, 

maintenance, and priming of inhalers and other treatments. With a 

multidisciplinary approach and the appropriate medications for each 

patient’s level of pulmonary function, healthcare professionals can 

help achieve optimal pulmonary outcomes.1

Conclusions
Breo Ellipta can now be prescribed for adults with asthma; previ-

ously it was available to treat COPD. In patients with asthma, Breo 

Ellipta has been evaluated in approximately 10,000 patients across 

4 confirmatory clinical trials. The most common adverse events in 

patients with asthma were nasopharyngitis, oral candidiasis, head-

ache, influenza, upper respiratory tract infection, bronchitis, sinus-

itis, oropharyngeal pain, dysphonia, and cough. According to guide-

lines from the National Heart, Lung, and Blood Institute, treatment 

for asthma should be tailored to reduce symptoms and maintain 

pulmonary function and normal activity levels.
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Heart failure (HF) is a chronic, progressive disease state 

characterized by the heart’s inability to effectively pump 

blood throughout the body. As the condition impairs the 

body’s ability to deliver blood and oxygen to its organs and tissues, 

the heart attempts to compensate by enlarging and increasing in 

muscle mass. This allows the heart to stretch more, contract more 

strongly, and pump more blood. However, this enlargement can 

lead to fluid retention and a faster or irregular heartbeat.1

The body also compensates by narrowing its blood vessels to 

increase blood pressure and divert blood away from tissues and 

organs such as the kidney, heart, and brain. These are only tempo-

rary processes performed by the body to attempt to compensate 

for a failing heart. Eventually, the HF worsens and the body can no 

longer compensate. The person suffering from HF will then begin 

to experience symptoms such as fatigue and breathing difficulty.1

Based on data collected from 2009 to 2012, approximately 5.7 

million Americans have HF. It is estimated that the prevalence of 

HF will increase 46% from 2012 to 2030, resulting in over 8 million 

adults in the United States living with the disease. HF is a signif-

icant cause of mortality; 1 in 9 deaths is attributable to the dis-

ease.2 HF also places a significant burden and cost on the national 

healthcare system, particularly because older patients are hospi-

talized for HF more than for any other medical condition. Between 

2012 and 2030 the total direct medical costs of HF are projected 

to increase from $21 billion to $53 billion. Adding indirect costs, 

the total cost is expected to increase to $70 billion by 2030.3

Several mechanisms are thought to underlie HF. The hemo-

dynamic model came from the observation that HF may result 

from increased hemodynamic load and the reduction in ability of 

the cardiac muscle to contract and pump blood. The cardiorenal 

 model emphasizes the role of renal sodium and water retention in 

the development of symptoms such as edema and how the renal 

system interacts with the heart. The neurohumoral model focus-

es on adrenergic stimulation of the heart and subsequent vaso-

constriction and elevated blood pressure. There are also models 

based on abnormal calcium fluxes in heart tissue, programmed 

cell death, and genetics.4

No single test can diagnose HF; a combination of the medical 

history, physical exam, and tests are used to confirm the diagno-

sis. The history and physical are aimed at elucidating signs and 

symptoms of HF, such as dyspnea, edema, fatigue, and ascites. 

Laboratory testing includes B-type natriuretic peptide, calcium 

and magnesium levels, liver and renal function tests, serum elec-

trolytes, and others. Testing is often performed to find alternative 

causes (eg, blood cultures for endocarditis) and comorbid condi-

tions (eg, glycated hemoglobin level for diabetes mellitus). Diag-

nostic tests include chest radiography, electrocardiography, and 

echocardiography.5

According to the American College of Cardiology Foundation/

American Heart Association guideline for the management of HF, 

treatment of HF varies and depends on the stage of disease. In 

general, hypertension and lipid disorders should be controlled in 

accordance with clinical guidelines. In addition, obesity and dia-

betes mellitus should be treated, and smoking cessation should 

be emphasized. Pharmacologic treatments of HF include angio-

tensin-converting enzyme (ACE) inhibitors or angiotensin receptor 

blockers (ARBs), beta-blockers, and statins. Nonpharmacologic 

interventions include thorough patient education, sodium restric-

tion, continuous positive airway pressure, exercise, and cardiac 

rehabilitation.6

A New Treatment Option for Chronic Heart 
Failure
In April 2015, the FDA approved Corlanor (ivabradine) by Amgen 

to reduce the risk of hospitalization for worsening HF in patients 

with stable, symptomatic, chronic HF with left ventricular ejection 

fraction (LVEF) of 35% or lower who are in sinus rhythm with rest-

ing heart rate 70 beats per minute (BPM) or higher and either are 

on maximum doses of beta-blockers or have a contraindication to 

beta-blocker use.7

Dosing
Corlanor comes in 2 forms: a 5-mg salmon-colored, oval-shaped, 

film-coated tablet and a 7.5-mg salmon-colored, triangular-shaped, 

film-coated tablet. The recommended starting dose of Corlanor is 

5 mg twice daily with meals. The patient should be assessed after 

2 weeks, and the dose should be adjusted to achieve a resting 

heart rate between 50 and 60 bpm (Table 1). Thereafter, the dose 

Corlanor Receives FDA Approval in Heart Failure

Table 1. Dose Adjustment8

Heart Rate Dose Adjustment

>60 BPM
Increase dose by 2.5 mg (given twice 
daily) up to a maximum dose of 7.5 mg 
twice daily

50-60 BPM Maintain dose

<50 BPM or signs and 
symptoms of bradycardia

Decrease dose by 2.5 mg (given twice 
daily); if current dose is 2.5 mg twice 
daily, discontinue therapy

BPM indicates beats per minute. 
Source: Corlanor prescribing information.
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should be adjusted as needed based on resting heart rate and tol-

erability. The maximum dose is 7.5 mg twice daily.8 In patients with 

a history of conduction defects or other patients in whom brady-

cardia could lead to hemodynamic compromise, therapy should be 

initiated at 2.5 mg twice daily before the dose is increased based 

on heart rate.8

Mechanism of Action
Corlanor blocks the hyperpolarization-activated cyclic nucleo-

tide-gated channel responsible for the cardiac pacemaker If cur-

rent, which regulates heart rate. In clinical electrophysiology stud-

ies, the cardiac effects were most pronounced in the sinoatrial 

node, but prolongation of the AH interval has occurred on the sur-

face ECG, as has PR interval prolongation. There were no effects 

on ventricular repolarization or myocardial contractility.8

Corlanor can also inhibit the retinal current Ih, which is involved 

in curtailing retinal responses to bright-light stimuli. Under trig-

gering circumstances (eg, rapid changes in luminosity), partial in-

hibition of Ih by Corlanor may underlie the luminous phenomena 

experienced by patients. Luminous phenomena (phosphenes) are 

described as a transient enhanced brightness in a limited area of 

the visual field.8

Clinical Studies
SHIFT, the first of 3 clinical trials for Corlanor, was a randomized, 

 double-blind trial comparing Corlanor and placebo in 6558 adult pa-

tients with stable New York Heart Association (NYHA) class I to IV 

HF, LVEF of 35% or lower, and a resting heart rate 70 bpm or higher. 

Patients had to have been clinically stable for at least 4 weeks on 

an optimized and stable clinical regimen, which included maximally 

 tolerated beta-blockers and, in most cases, ACE inhibitors or ARBs, 

spironolactone, and diuretics, with minimal fluid retention and symp-

toms of congestion. Patients had to have been hospitalized for HF 

within 12 months before study entry.8

The underlying cause of HF was coronary artery disease in 68% of 

patients. At baseline, approximately 49% of randomized subjects were 

NYHA class II, 50% were NYHA class III, and 2% were NYHA class IV. 

The mean LVEF was 29%. All subjects were initiated on Corlanor 5 mg 

(or matching placebo) twice daily, and the dose was increased to 7.5 

mg twice daily or decreased to 2.5 mg twice daily to maintain the rest-

ing heart rate between 50 and 60 BPM, as tolerated. The primary end 

point was a composite of the first occurrence of either hospitalization 

for worsening HF or cardiovascular death.8

Most patients (89%) were taking beta-blockers, with 26% on guide-

line-defined target daily doses. The main reasons for not receiving 

the target beta-blocker doses at baseline were hypotension (45% of 

patients not at target), fatigue (32%), dyspnea (14%), dizziness (12%), 

history of cardiac decompensation (9%), and bradycardia (6%). For the 

11% of patients not receiving any beta-blocker at baseline, the main 

reasons were chronic obstructive pulmonary disease, hypotension, 

and asthma. Most patients were also taking ACE inhibitors and/or 

angiotensin II antagonists (91%), diuretics (83%), and anti-aldosterone 

agents (60%). Few patients had an implantable cardioverter-defibrilla-

tor (3.2%) or a cardiac resynchronization therapy device (1.1%). Med-

ian follow-up was 22.9 months. At 1 month, 63%, 26%, and 8% of pa-

tients treated with Corlanor were taking 7.5, 5, and 2.5 mg twice daily, 

Table 2. SHIFT―Incidence of the Primary Composite End Point and Components8

End Point Corlanor
(N = 3241)

Placebo
(N = 3264) Hazard  

ratio (95% CI) P

n % %PY n % %PY

Primary composite end point: Time to first 
hospitalization for worsening heart failure or 
cardiovascular deatha

Hospitalization for worsening heart failure

Cardiovascular death as first event

793

505

288

24.5

5.6

8.9

14.5

9.2

4.8

937

660

277

28.7

20.2

8.5

17.7

12.5

4.7

0.82 (0.75-
0.90)

<.0001

Subjects with events at any time

Hospitalization for worsening heart failureb

Cardiovascular deathb

514

449

15.9

13.9

9.4

7.5

672

491

20.6

15.0

12.7

8.3

0.74

0.91

(0.66-
0.83) 

(0.80-
1.03)

N indicates number of patients at risk; n, number of patients having experienced the end point.
%: incidence rate = (n/N) × 100; %PY: annual incidence rate = (n/number of patient-years) × 100. 
The hazard ratio between treatment groups (ivabradine/placebo) was estimated based on an adjusted Cox proportional hazards model with beta-block-
er intake at randomization (yes/no) as a covariate (P value: Wald test).
aSubjects who died on the same calendar day as their first hospitalization for worsening heart failure are counted under cardiovascular death.
bAnalyses of the components of the primary composite end point were not prospectively planned to be adjusted for multiplicity.
Source: Corlanor prescribing information.
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whereas 3% had withdrawn from the drug, primarily for bradycardia.8

SHIFT demonstrated that Corlanor reduced the risk of the com-

bined end point of hospitalization for worsening HF or cardiovas-

cular death based on a time-to-event analysis (hazard ratio [HR], 

0.82; 95% CI, 0.75-0.90; P <.0001) (Table 2). The treatment effect 

reflected only a reduction in the risk of hospitalization for wors-

ening HF; there was no favorable effect on the mortality compo-

nent of the primary end point. In the overall treatment population, 

Corlanor had no statistically significant benefit on cardiovascular 

death.8

BEAUTIFUL was a randomized, double-blind, placebo-controlled 

trial in 10,917 adult patients with coronary artery disease, im-

paired left ventricular systolic function (ejection fraction <40%), 

and resting heart rate at least 60 bpm. Patients had stable symp-

toms of HF and/or angina for at least 3 months and were receiv-

ing conventional cardiovascular medications at stable doses for 

at least 1 month. Beta-blocker therapy was not required, nor was 

there a protocol mandate to achieve any specific dosing targets 

for patients who were taking beta-blockers. Patients were random-

ized 1:1 to Corlanor or placebo at an initial dose of 5 mg twice 

daily with the dose increased to 7.5 mg twice daily depending on 

resting heart rate and tolerability. The primary end point was the 

composite of time to first cardiovascular death, hospitalization for 

acute myocardial infarction, or hospitalization for new-onset or 

worsening HF. Most patients were NYHA class II (61.4%) or class 

III (23.2%); none were class IV. Through a median follow-up of 19 

months, Corlanor did not significantly affect the primary compos-

ite end point (HR, 1.00; 95% CI, 0.91-1.10).8

SIGNIFY was a randomized, double-blind trial in which Corla-

nor or placebo were administered to 19,102 adult patients with 

stable coronary artery disease but without clinically evident HF 

(NYHA class I). Beta-blocker therapy was not required. Corlanor 

was initiated at a dose of 7.5 mg twice daily, and the dose could be 

increased to as high as 10 mg twice daily or down-titrated to 5.0 

mg twice daily to achieve a target heart rate of 55 to 60 bpm. The 

primary end point was a composite of the first occurrence of either 

cardiovascular death or myocardial infarction. Through a median 

follow-up of 24.1 months, Corlanor did not significantly affect the 

primary composite end point (HR, 1.08; 95% CI, 0.96-1.20).8

Adverse Events
The SHIFT study evaluated safety in 3260 patients treated with 

Corlanor and 3278 patients given placebo. The median duration of 

Corlanor exposure was 21.5 months. The most common adverse 

drug reactions in this trial that occurred in more than 1% of pa-

tients are shown in Table 3.8

Luminous Phenomena (Phosphenes)
Phosphenes are phenomena described as a transiently enhanced 

brightness in a limited area of the visual field, halos, image de-

composition (stroboscopic or kaleidoscopic effects), colored 

bright lights, or multiple images (retinal persistency). Phosphenes 

are usually triggered by sudden variations in light intensity. Corla-

nor can cause phosphenes in a manner thought to be mediated 

through the drug’s effects on retinal photoreceptors. In patients 

who experience phosphenes, onset generally occurs within the 

first 2 months of treatment, after which phosphenes may occur 

repeatedly. Phosphenes were generally reported to be of mild to 

moderate intensity and led to treatment discontinuation in fewer 

than 1% of patients; most ended during or after treatment.8 

Warnings and Precautions 
Fetal Toxicity
Corlanor may cause fetal toxicity when administered to a pregnant 

woman, based on findings in animal studies. Embryo-fetal toxicity 

and cardiac teratogenic effects were observed in fetuses of preg-

nant rats treated during organogenesis at exposures 1 to 3 times 

the human exposure (AUC
0-24hr) at the maximum recommended 

human dose (MRHD). Female patients should be advised to use 

effective contraception when taking Corlanor.8

Atrial Fibrillation
Corlanor increases the risk of atrial fibrillation. In SHIFT, the rate of 

atrial fibrillation was 5.0% per patient-year in patients treated with 

Corlanor and 3.9% per patient-year in patients treated with pla cebo. 

Regularly monitor cardiac rhythm. Discontinue Corlanor if atrial 

fibrillation develops.8

Bradycardia and Conduction Disturbances
Bradycardia, sinus arrest, and heart block have occurred with Cor-

lanor. The rate of bradycardia was 6.0% per patient-year in patients 

treated with Corlanor (2.7% symptomatic; 3.4% asymptomatic) and 

1.3% per patient-year in patients treated with placebo. Risk factors 

for bradycardia include sinus node dysfunction, conduction de-

fects (eg, 1st or 2nd degree antrioventricular block, bundle branch 

block), ventricular dyssynchrony, and use of other negative chro-

notropes (eg, digoxin, diltiazem, verapamil, amiodarone). Concur-

rent use of verapamil or diltiazem will increase Corlanor exposure; 

Table 3. Adverse Drug Reactions With Rates ≥1.0% Higher 
on Ivabradine Than Placebo, and Occurring in >1% of 
Patients Taking Ivabradine in SHIFT8

Ivabradine
N = 3260

Placebo
N = 3278

Bradycardia 10% 2.2%

Hypertension, blood pressure 
increased 8.9% 7.8%

Atrial fibrillation 8.3% 6.6%

Phosphenes, visual brightness 2.8% 0.5%

Source: Corlanor prescribing information.
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these 2 drugs may themselves contribute to heart rate lowering, 

and should be avoided. Avoid use of Corlanor in patients with sec-

ond-degree antrioventricular block, unless a functioning demand 

pacemaker is present.8

Use in Specific Populations 
Pregnancy
Based on findings in animals, Corlanor may cause fetal harm when 

administered to a pregnant woman. There are no adequate and 

well-controlled studies of Corlanor in pregnant women to inform 

any drug-associated risks. In animal reproduction studies, oral ad-

ministration of ivabradine to pregnant rats during organogenesis 

at a dosage providing 1 to 3 times the human exposure (area un-

der the curve [AUC]
0-24hr) at MRHD resulted in embryo-fetal toxic-

ity and teratogenicity manifested as abnormal shape of the heart, 

interventricular septal defect, and complex anomalies of primary 

arteries. Increased postnatal mortality was associated with these 

teratogenic effects in rats. In pregnant rabbits, increased post im-

plantation loss was noted at an exposure (AUC0-24hr) 5 times the 

human exposure at MRHD. Lower doses were not tested in rabbits. 

The background risk of major birth defects for the indicated pop-

ulation is unknown. The estimated background risk of major birth 

defects in the US general population is 2% to 4%, however, and the 

estimated risk of miscarriage is 15% to 20% in clinically recognized 

pregnancies. Patients who are pregnant should be advised of the 

potential risk to the fetus.8

Lactation
There is no information regarding the presence of ivabradine in hu-

man milk, the effects of ivabradine on the breastfed infant, or the 

effects of the drug on milk production. Animal studies have shown, 

however, that ivabradine is present in rat milk. Because of the poten-

tial risk to breastfed infants from exposure to Corlanor, breastfeed-

ing is not recommended.8

Females and Males of Reproductive Potential
Based on animal data, Corlanor may cause fetal harm. Advise 

females of reproductive potential to use effective contraception 

during Corlanor treatment.8

Hepatic Impairment
No dose adjustment is required in patients with mild or moderate 

hepatic impairment. Use of Corlanor is contraindicated in patients 

with severe hepatic impairment (Child-Pugh C) because it has not 

been studied in this population, and an increase in systemic expo-

sure is anticipated.8

Conclusions
HF is a chronic, progressive disease that places a significant bur-

den on patients and the healthcare system as a whole. The appro-

val of Corlanor by the FDA to reduce the risk of hospitalization 

adds a new therapeutic option for patients with stable but chronic 

HF. Three clinical trials with a total of 36,577 patients established 

the efficacy and safety of Corlanor as a treatment option for chron-

ic HF. The most common adverse reactions (>1%) associated with 

ivabradine are bradycardia, hypertension, atrial fibrillation, and 

phosphenes.
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Psoriasis is a common and chronic medical condition character-

ized by itching, burning, and stinging sensations. Plaque psori-

asis, the most prevalent form of the disease, features raised, 

red, scaly patches covered with a silvery white buildup of dead skin 

cells. Although psoriasis can develop at any age, it usually occurs be-

tween the ages of 15 and 35 years. Psoriasis occurs with equal fre-

quency among men and women.1

Common lifestyle concerns present unique challenges for those 

affected by psoriasis. Stress can trigger a psoriasis flare, and in turn, 

that psoriasis flare can cause stress. Patients may be bothered more 

by the itch of psoriasis than its visible effects; may have difficulty 

talking to friends and family about their disease; and may have the 

burden of scheduling periodic physician appointments, which often 

impact work and family obligations.2 

The overall function of the immune system is to protect the body 

from invaders by destroying bacteria, viruses, and foreign proteins. In 

a person with psoriasis, the immune system inappropriately causes in-

flammation, along with accelerated skin cell growth.3 Susceptibility to 

psoriasis has been identified in about 25 genetic variants, with at least 

10% of the general population inheriting 1 or more of the genes.4 Only 

about 2% to 3% of the population, however, will develop psoriasis.1

People with psoriasis are at an increased risk of other health con-

ditions, such as cardiovascular disease, Crohn’s disease, depression, 

diabetes, metabolic syndrome, obesity, osteoporosis, uveitis, and liver 

disease. Patients with severe psoriasis are twice as likely to develop 

chronic kidney disease as patients with mild or no psoriasis.5

Psoriasis can be diagnosed by examination and biopsy and then 

categorized into 1 of 5 types. Each of these types of psoriasis—plaque, 

guttate, inverse, pustular, and erythrodermic—may have a different ap-

pearance, and some types may have a greater tendency to appear on 

certain body regions.1

The average annual cost of psoriasis in the United States is esti-

mated at $135 billion, which includes direct costs upward of $8000 

and indirect costs of about $4000 per psoriasis patient annually.6 For 

patients with moderate to severe psoriasis, a combination of topical 

treatment, phototherapy, and systemic medications may be effective.1

A New Treatment Option for Moderate to  
Severe Plaque Psoriasis
In January 2015, the FDA gave approval to Novartis for Cosentyx 

(secukinumab) for the treatment of moderate to severe plaque pso-

riasis.7,8 Secukinumab is a human monoclonal antibody (mAb) that 

selectively binds to interleukin-17A (IL-17A) and inhibits its interaction 

with the IL-17 receptor.7 Administration of secukinumab is performed 

by subcutaneous injection.8

According to Amy Egan, MD, MPH, deputy director of the Office 

of Drug Evaluation III in the FDA’s Center for Drug Evaluation and Re-

search, “Plaque psoriasis can cause significant skin irritation and dis-

comfort for patients, so it’s important to have a variety of treatment 

options available.”8 

Dosing
There are 3 presentations for Cosentyx: Sensoready pen, prefilled 

syringe, and lyophilized powder in vial for reconstitution. The recom-

mended dose is 300 mg by subcutaneous injection at weeks 0, 1, 2, 3, 

and 4, followed by 300 mg every 4 weeks. Each 300-mg dose is given 

as 2 subcutaneous injections of 150 mg. For some patients, a dose of 

150 mg may be acceptable.7

Mechanism of Action
Secukinumab, a human immunoglobulin (Ig)G1 mAb, selectively binds 

to the IL-17A cytokine and inhibits its interaction with the IL-17 recep-

tor. IL-17A is a naturally occurring cytokine that is involved in normal 

inflammatory and immune responses. Secukinumab inhibits the re-

lease of proinflammatory cytokines and chemokines.7

The metabolic pathway of secukinumab has not been character-

ized. As a human IgG1ĸ mAb, secukinumab is expected to be degra-

ded into small peptides and amino acids via catabolic pathways in the 

same manner as endogenous IgG.7

Clinical Studies
Four multicenter, randomized, double-blind, placebo-controlled trials 

(1, 2, 3, and 4) enrolled 2403 subjects 18 years and older (691 ran-

domized to Cosentyx 300 mg, 692 to Cosentyx 150 mg, 694 to pla-

cebo, and 323 to a biologic active control). The patients had plaque 

psoriasis with a minimum body surface area involvement of 10% and 

a Psoriasis Area and Severity Index score greater than or equal to 12, 

and were candidates for phototherapy or systemic therapy.7

Trial 1 enrolled 738 subjects (245 randomized to Cosentyx 300 mg, 

245 to Cosentyx 150 mg, and 248 to placebo). Trial 2 enrolled 1306 

subjects (327 randomized to Cosentyx 300 mg, 327 to Cosentyx 150 

mg, 326 to placebo, and 323 to a biologic active control). In each trial, 

patients received subcutaneous treatment at weeks 0, 1, 2, 3, and 4, 

followed by dosing every 4 weeks. Subjects randomized to Cosentyx 

received 300-mg or 150-mg doses at weeks 0, 1, 2, 3, and 4 followed 

by the same dose every 4 weeks; those randomized to receive pla-

cebo who were nonresponders at week 12 were then crossed over to 

receive Cosentyx (either 300 mg or 150 mg) at weeks 12, 13, 14, 15, 

and 16, followed by the same dose every 4 weeks. All patients were 

followed for up to 52 weeks after the first administration of the study 

treatment.7

Trial 3 enrolled 177 subjects (59 randomized to Cosentyx 300 mg, 

Cosentyx Receives FDA Approval for Treatment of Plaque Psoriasis
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59 to Cosentyx 150 mg, and 59 to placebo) and assessed safety, tol-

erability, and usability of Cosentyx self-administration with a prefilled 

syringe for 12 weeks. Patients received subcutaneous treatment at 

weeks 0, 1, 2, 3, and 4, followed by the same dose every 4 weeks for 

up to 12 weeks total.7

Trial 4 enrolled 182 subjects (60 randomized to Cosentyx 300 mg, 

61 to Cosentyx 150 mg, and 61 to placebo) and assessed safety, tol-

erability, and usability of Cosentyx self-administration with a Sensor-

eady pen for 12 weeks. Patients received subcutaneous treatment at 

weeks 0, 1, 2, 3, and 4, followed by the same dose every 4 weeks for 

up to 12 weeks total.7

The results of trials 1 and 2 are presented in Table 1, and the re-

sults of trials 3 and 4 are presented in Table 2.7

Adverse Events
Adverse reactions that occurred at rates of less than 1% in the 

placebo-controlled period of trials 1, 2, 3, and 4 through week 12 

included sinusitis, tinea pedis, conjunctivitis, tonsillitis, oral candi-

diasis, impetigo, otitis media, otitis externa, inflammatory bowel 

disease, increased liver transaminases, and neutropenia. Table 3 

summarizes the adverse reactions that occurred at a rate of at 

least 1% and at a higher rate in the Cosentyx groups than in the 

placebo group during the 12-week placebo-controlled period of the 

placebo-controlled trials.7

Immunogenicity 
As with all therapeutic proteins, there is the potential for immu-

nogenicity. The immunogenicity of Cosentyx was evaluated with 

an electrochemiluminescence-based bridging immunoassay. Less 

than 1% of subjects treated with Cosentyx developed antibodies to 

secukinumab during up to 52 weeks of treatment. However, this 

assay has limitations in detecting anti-secukinumab antibodies in 

the presence of secukinumab; therefore, the incidence of antibody 

development may not have been reliably determined. Of the sub-

jects who developed antidrug antibodies, approximately one-half 

had antibodies that were classified as neutralizing. Neutralizing 

antibodies were not associated with loss of efficacy.7

The detection of antibody formation is highly dependent on the 

sensitivity and specificity of the assay. Additionally, the observed 

incidence of antibody (including neutralizing antibody) positivity 

in an assay may be influenced by several factors, including assay 

methodology, sample handling, timing of sample collection, con-

comitant medications, and underlying disease. For these reasons, 

the comparison of incidence of antibodies to Cosentyx with the 

incidences of antibodies to other products may be misleading.7

Warnings and Precautions 
Infections
Cosentyx may increase the risk of infections. In clinical trials, a 

higher rate of infections was observed in Cosentyx-treated sub-

jects compared with placebo-treated subjects. In placebo-con-

trolled clinical trials, higher rates of common infections such as 

nasopharyngitis (11.4% vs 8.6%), upper respiratory tract infection 

(2.5% vs 0.7%), and mucocutaneous infections with candida (1.2% 

vs 0.3%) were observed with Cosentyx compared with placebo. The 

incidence of some types of infections appeared to be dose-depen-

Table 1. Clinical Outcomes at Week 12 in Adults With Plaque Psoriasis in Trials 1 and 27 

Trial 1 Trial 2

Cosentyx
300 mg

(N = 245)
n (%)

Cosentyx
150 mg

(N = 245)
n (%)

Placebo
(N = 248)

n (%)

Cosentyx
300 mg

(N = 327)
n (%)

Cosentyx
150 mg

(N = 327)
n (%)

Placebo
(N = 326)

n (%)

PASI 75 response 200 (82) 174 (71) 11 (4) 249 (76) 219 (67) 16 (5)

IGA of clear or almost clear 160 (65) 125 (51) 6 (2) 202 (62) 167 (51) 9 (3)

IGA indicates Investigator’s Global Assessment; PASI, Psoriasis Area and Severity Index. 
Source: Cosentyx prescribing information.

Table 2. Clinical Outcomes at Week 12 in Adults With Plaque Psoriasis in Trials 3 and 47

Trial 3 Trial 4

Cosentyx
300 mg
(N = 59)

n (%)

Cosentyx
150 mg
(N = 59)

n (%)

Placebo
(N = 59)

n (%)

Cosentyx
300 mg
(N = 60)

n (%)

Cosentyx
150 mg
(N = 61)

n (%)

Placebo
(N = 61)

n (%)

PASI 75 response 44 (75) 41 (69) 0 (0) 52 (87) 43 (70) 2 (3)

IGA of clear or almost clear 40 (68) 31 (53) 0 (0) 44 (73) 32 (52) 0 (0)

IGA indicates Investigator’s Global Assessment; PASI, Psoriasis Area and Severity Index. 
Source: Cosentyx prescribing information.
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dent in clinical studies. Caution should be exercised when con-

sidering the use of Cosentyx in patients with a chronic infection 

or a history of recurrent infection. Patients should seek medical 

advice if signs or symptoms suggestive of an infection occur. If a 

patient develops a serious infection, the patient should be closely 

monitored and Cosentyx should be discontinued until the infection 

resolves.7

Contraindications
Cosentyx is contraindicated in patients with a previous serious hy-

persensitivity reaction to secukinumab or to any of the excipients.7

Pre-Treatment Evaluation for Tuberculosis 
Patients should be evaluated for tuberculosis (TB) infection before 

initiating treatment with Cosentyx. Cosentyx should not be admin-

istered to patients with active TB infection. Treatment of latent TB 

should be started before Cosentyx is administered. Anti-TB therapy 

should be considered before initiation of Cosentyx in patients with 

a past history of latent or active TB in whom an adequate course 

of treatment cannot be confirmed. Patients receiving Cosentyx 

should be monitored closely for signs and symptoms of active TB 

during and after treatment.7

Exacerbations of Crohn’s Disease
Caution should be exercised when prescribing Cosentyx to pa-

tients with active Crohn’s disease: exacerbations of Crohn’s dis-

ease, in some cases serious, were observed in patients treated 

with Cosentyx during clinical trials. Patients treated with Cosentyx 

who have active Crohn’s disease should be monitored closely.7

Hypersensitivity Reactions
Anaphylaxis and cases of urticaria occurred in patients treated 

with Cosentyx in the clinical trials. If an anaphylactic or other seri-

ous allergic reaction occurs, administration of Cosentyx should be 

discontinued immediately and appropriate therapy initiated.7

Risk of Hypersensitivity in Latex-Sensitive Individuals
The removable cap of the Cosentyx Sensoready pen and the Cosen-

tyx prefilled syringe contain natural rubber latex, which may cause 

an allergic reaction in latex-sensitive individuals. The safe use of 

the Cosentyx Sensoready pen or prefilled syringe in latex-sensitive 

individuals has not been studied.7

Vaccinations
Before therapy with Cosentyx is initiated, completion of all age-ap-

propriate immunizations according to current immunization guide-

lines must be considered. Patients treated with Cosentyx should 

not receive live vaccines. Non-live vaccinations received during a 

course of Cosentyx may not elicit an immune response sufficient to 

prevent disease. Healthy individuals who received a single 150-mg 
dose of Cosentyx 2 weeks before vaccination with a non‒US-ap-

proved group C meningococcal polysaccharide conjugate vaccine 

and a non‒US-approved inactivated seasonal influenza vaccine 

had similar antibody responses compared with individuals who did 

not receive Cosentyx before vaccination. The clinical effectiveness 

of meningococcal and influenza vaccines has not been assessed in 

patients undergoing treatment with Cosentyx.7

CYP450 Substrates
A role for IL-17A in the regulation of CYP450 enzymes has not been 

reported. The formation of CYP450 enzymes can be altered by in-

creased levels of certain cytokines (eg, IL-1, IL-6, IL-10, tumor ne-

crosis factor alpha, interferon) during chronic inflammation. Thus 

Cosentyx, an antagonist of IL-17A, could normalize the formation 

of CYP450 enzymes. On initiation or discontinuation of Cosentyx 

in patients who are receiving concomitant CYP450 substrates, 

particularly those with a narrow therapeutic index, monitoring for 

therapeutic effect (eg, warfarin) or drug concentration (eg, cyclo-

sporine) and dosage modification of the CYP450 substrate should 

be considered.7

Use in Specific Populations 
Pregnancy 
Cosentyx is a Pregnancy Category B medication. There are no ad-

equate and well-controlled trials of Cosentyx in pregnant women. 

Table 3. Adverse Reactions Reported by >1% of Subjects 
With Plaque Psoriasis Through Week 12 in Trials 1, 2, 3, 
and 47

Adverse Reactions

Cosentyx Placebo

300 mg
(N = 691)

n (%)

(N = 694)
n (%)

(N = 694)
n (%)

Nasopharyngitis 79 (11.4) 85 (12.3) 60 (8.6)

Diarrhea 28 (4.1) 18 (2.6) 10 (1.4)

Upper respiratory  
tract infection 17 (2.5) 22 (3.2) 5 (0.7)

Rhinitis 10 (1.4) 10 (1.4) 5 (0.7)

Oral herpes 9 (1.3) l (0.1) 2 (0.3)

Pharyngitis 8 (1.2) 7 (1.0) 0 (0)

Rhinorrhea 8 (1.2) 2 (0.3) 1 (0.1)

Urticaria 4 (0.6) 8 (1.2) 1 (0.1)

Source: Cosentyx prescribing information.
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Developmental toxicity studies conducted with monkeys found 

no evidence of harm to the fetus due to secukinumab. Cosentyx 

should be used during pregnancy only if the potential benefit jus-

tifies the potential risk to the fetus. An embryo-fetal development 

study was performed in cynomolgus monkeys with secukinumab. 

No malformations or cases of embryo-fetal toxicity were observed 

in fetuses from pregnant monkeys administered secukinumab 

weekly by the subcutaneous route during the period of organogen-

esis at doses up to 30 times the maximum recommended human 

dose (on a mg/kg basis at a maternal dose of 150 mg). A pre- and 

postnatal development toxicity study was performed in mice with 

a murine analogue of secukinumab. No treatment-related effects 

on functional, morphologic, or immunologic development were 

observed in fetuses from pregnant mice administered the murine 

analogue of secukinumab on gestation days 6, 11, and 17 or on 

postpartum days 4, 10, and 16 at doses up to 150 mg/kg/dose.7

Nursing Mothers 
It is not known whether secukinumab is excreted in human milk or 

absorbed systemically after ingestion. Because many drugs are ex-

creted in human milk, caution should be exercised when Cosentyx 

is administered to a nursing woman.7

Geriatric Use 
Of the 3430 subjects with plaque psoriasis who were exposed to 

Cosentyx in clinical trials, a total of 230 were 65 years or older, 

and 32 subjects were 75 years or older. Although no differences in 

safety or efficacy were observed between older and younger sub-

jects, the number of subjects 65 years and older was not sufficient 

to determine whether they responded differently from younger 

subjects.7

Conclusions
Early treatment may reduce the economic burden of psoriasis 

in addition to potentially reducing the risk of developing 

comorbidities.5,6 The approval of Cosentyx by the FDA for the 

treatment of moderate to severe plaque psoriasis adds a new 

therapeutic option that acts by binding to a protein, IL-17A, which 

is involved in inflammation. Four clinical trials with a total of 2403 

patients established the efficacy and safety of Cosentyx as a 

treatment option for appropriate patients with plaque psoriasis.8 

The most common adverse reactions (1%) associated with 

secukinumab are nasopharyngitis, diarrhea, and upper respiratory 

tract infection.7
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In the United States, the prevalence of diabetes increased from 

4.7% to 11.2% in men and from 5.7% to 8.7% in women between 

1976-1980 and 2007-2010.1 According to estimates from the 

CDC published in 2014, 9.3% of the US population has diabetes, 

including 4.1% of adults aged 20 to 44 years, 16.2% of adults aged 

45 to 64 years, and 25.9% of those 65 years and older. In adults, 

type 2 diabetes mellitus (T2DM) accounts for about 90% to 95% of 

all diagnosed cases of diabetes.2 

Those at risk of developing T2DM include older individuals and 

certain minority populations (eg, African Americans, Hispanics/

Latinos, American Indians, some Asians, and Native Hawaiians and 

other Pacific Islanders).2 Other risk factors for the development of 

T2DM include a family history of diabetes, excess weight (body 

mass index ≥25 kg/m2), physical inactivity, a history of gestational 

diabetes, hypertension (blood pressure ≥140/90 mm Hg), a low 

high-density lipoprotein cholesterol level (<35 mm/dL), polycystic 

ovarian syndrome, and a history of cardiovascular disease.3 

The central components of T2DM pathogenesis involve insulin 

resistance and abnormal insulin secretion. These 2 components 

can result from genetic susceptibility and obesity.4 As insulin re-

sistance and hyperinsulinemia progress, the body’s beta cells may 

lose the ability to produce insulin in sufficient quantities, resulting 

in hyperglycemia.2,4

According to the American Diabetes Association (ADA), the di-

agnosis of diabetes is based on a glycated hemoglobin (A1C) of 

6.5% or higher, a fasting plasma glucose (FPG) of 126 mg/dL or 

higher (after no caloric intake for at least 8 hours), a 2-hour plasma 

glucose of 200 mg/dL or higher during an oral glucose tolerance 

test, or a random plasma glucose of 200 mg/dL or higher in a 

patient who is exhibiting classic symptoms of hyperglycemia or a 

hyperglycemic crisis.3 

Currently, the ADA recommends an A1C goal of <7% for many 

non-pregnant adults and an A1C goal of <6.5% for patients without 

concurrent comorbidities. The ADA also recommends a goal of <8% 

for patients with a history of severe hypoglycemia, limited life ex-

pectancy, advanced microvascular/macrovascular complications, 

or extensive comorbidities.3 Guidelines from the American Associ-

ation of Clinical Endocrinologists (AACE) state that an A1C of 6.5% 

or less is considered optimal; however, as with the ADA guidelines, 

the AACE recommendations stress that the A1C goal must be indi-

vidualized, based on the aforementioned factors.5

Many antihyperglycemic therapies with varying mechanisms 

of action are available to manage T2DM; using a combination of 

therapies that have complementary mechanisms of action may be 

necessary to achieve and maintain glycemic control.5 Minimizing 

the risk of hypoglycemia and the risk of weight gain are priori-

ties when using pharmacologic therapy. The efficacy of treatment 

should be monitored frequently until the patient is stable (ie, every 

3 months).5 According to the ADA guidelines, if a patient does not 

achieve glycemic control after 3 months of oral monotherapy, a 

second antihyperglycemic agent should be added. Triple therapy 

is recommended if A1C goals are not met after 3 months on dual 

therapy.3 Patients should also be monitored for adverse events and 

comorbid conditions.5 All patients with T2DM should be counseled 

on lifestyle changes, including healthy eating, weight control, and 

physical activity.

One of the most recently developed classes of treatments for 

T2DM is the sodium glucose co-transporter 2 (SGLT2) inhibitor, 

which exerts its blood glucose–lowering effects by inhibiting the 

reabsorption of glucose in the kidneys.6,7 The kidney is involved 

in glucose homeostasis via gluconeogenesis and reabsorption of 

glucose.6 Sodium glucose co-transporters in the kidney are re-

sponsible for regulating the reabsorption of glucose after plasma 

filtration.6,7

SGLT2 inhibitors have a mechanism of action complementary 

to other classes of treatment for T2DM, such as dipeptidyl pep-

tidase-4 (DPP-4) inhibitors. DPP-4 inhibitors reduce blood glu-

cose production by preventing the breakdown of glucagon-like 

peptide-1, resulting in increased insulin secretion and decreased 

glucagon secretion, resulting in reduced hepatic glucose produc-

tion.3,8,9

A New Treatment Option for Type 2 Diabetes 
Mellitus
Glyxambi (empagliflozin and linagliptin) is a first-in-class medi-

cation that inhibits both SGLT2 and DPP-4 to improve glycemic 

control. In February 2015 the FDA granted approval to Boehringer 

Ingelheim and Lilly for Glyxambi for the treatment of adults with 

T2DM to improve glycemic control, in addition to diet and exercise, 

where treatment with both empagliflozin and linagliptin is recom-

mended. Glyxambi is not recommended for patients with T1DM 

or for the treatment of diabetic ketoacidosis. Glyxambi has not 

been studied in patients with a history of pancreatitis, and it is 

not known whether patients with a history of pancreatitis are at 

an increased risk for the development of pancreatitis while using 

Glyxambi.10 

Pregnancy and Lactation
The use of Glyxambi has not been evaluated in pregnant women, 

and Glyxambi should only be used during pregnancy if the potential 

benefit justifies the potential risk to the fetus. Although it is not 

known whether Glyxambi is excreted in human milk, because of 

FDA Approves Glyxambi for Treatment of Type 2 Diabetes Mellitus 
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Table 1. Glycemic Parameters at 24 Weeks in a Study Comparing Glyxambi With the Individual Components as Add-on 
Therapy in Patients Inadequately Controlled on Metformin10

Glyxambi
10 mg/5 mg

Glyxambi
25 mg/5 mg

Empagliflozin
10 mg

Empagliflozin
25 mg

Linagliptin
5 mg

A1C (%)

Number of patients n = 135 n = 133 n = 137 n = 139 n = 128

Baseline (mean) 8.0 7.9 8.0 8.0 8.0

Change from baseline 
(adjusted mean) –1.1 –1.2 –0.7 –0.6 –0.7

Comparison vs empagliflozin 
25 mg or 10 mg (adjusted mean)a

 –0.4  
(95% CI: –0.6 to –0.2)d

–0.6  
(95% CI: –0.7 to –0.4)d -- -- --

Comparison vs linagliptin 5 mg 
(adjusted mean)a

 –0.4  
(95% CI: –0.6 to –0.2)d

–0.5  
(95% CI: –0.7 to –0.3)d -- -- --

Patients [n (%)] achieving A1C 
<7%b

 74 (58) 76 (62) 35 (28) 43 (33) 43 (36)

FPG (mg/dL)

Number of patients n = 133 n = 131 n = 136 n = 137 n = 125

Baseline (mean) 157 155 162 160 156

Change from baseline 
(adjusted mean) –33 –36 –21 –21 –13

Comparison vs empagliflozin 
25 mg or 10 mg (adjusted mean)a

 –12  
(95% CI: –18 to –5)d

–15  
(95% CI: –22 to –9)d -- -- --

Comparison vs linagliptin 5 mg 
(adjusted mean)a

 –20  
(95% CI: –27 to –13)d

–23  
(95% CI: –29 to –16)d -- -- --

Body Weight

Number of patients n = 135 n = 134 n = 137 n = 140 n = 128

Baseline (mean) in kg 87 85 86 88 85

% change from baseline 
(adjusted mean) –3.1 –3.4 –3.0 –3.5 –0.7

Comparison vs empagliflozin 
25 mg or 10 mg (adjusted mean)c 

0.0  
(95% CI: –0.9 to 0.8)

0.1  
(95% CI: –0.8 to 0.9) -- -- --

Comparison vs linagliptin 5 mg 
(adjusted mean)c

 –2.4  
(95% CI: –3.3 to –1.5)d

–2.7  
(95% CI: –3.6 to –1.8)d -- -- --

A1C indicates glycated hemoglobin; FPG, fasting plasma glucose.
a Full analysis population (observed case) using a mixed-effect model repeated measures (MMRM). MMRM model included treatment, renal function, 
region, visit, visit by treatment interaction, and baseline A1C. 

b Patients with A1C above 7% at baseline: Glyxambi 25 mg/5 mg, n = 123; Glyxambi 10 mg/5 mg, n = 128; empagliflozin 25 mg, n = 132; empagliflozin 
10 mg, n = 125; linagliptin 5 mg, n = 119. Non-completers were considered failures (NCF). 

c Full analysis population using last observation carried forward. Analysis of covariance (ANCOVA) model included treatment, renal function, region, 
baseline weight, and baseline A1C. 

dP <.001 for FPG; P <.0001 for A1C and body weight.
Source: Glyxambi prescribing information.
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the potential for Glyxambi to cause serious adverse reactions in 

nursing infants, a decision should be made whether to discontinue 

nursing or discontinue Glyxambi, taking into account the impor-

tance of the drug to the mother.10

Dosage and Administration
In appropriate patients, the recommended dose of Glyxambi is 10 

mg empagliflozin/5 mg linagliptin once daily, taken in the morning 

with or without food. The dose can be increased to 25 mg empagli-

flozin/5 mg linagliptin once daily in patients tolerating Glyxambi. 

In patients with volume depletion, correcting this condition before 

initiation of Glyxambi is recommended. No studies have been per-

formed specifically examining the safety and efficacy of Glyxambi 

in patients previously treated with other oral antihyperglycemic 

agents and switched to Glyxambi. Any change in therapy for T2DM 

should be undertaken with care and appropriate monitoring be-

cause changes in glycemic control can occur.10 

Monitoring
Empagliflozin increases serum creatinine and decreases estimated 

glomerular filtration rate (eGFR). Renal function should be evalua-

ted before initiating Glyxambi and periodically thereafter. Patients 

with an eGFR less than 45 mL/min/1.73 m2 should not be trea-

ted with Glyxambi. Likewise, if at any time during treatment with 

Glyxambi the eGFR falls persistently below 45 mL/min/1.73 m2, 

treatment with Glyxambi should be discontinued. More frequent 

monitoring is recommended for patients with moderate renal im-

pairment and for elderly patients.10

Patients should be advised to seek medical attention if they 

develop signs or symptoms of pancreatitis, hypotension, hypogly-

cemia, a genital mycotic infection (GMI), a urinary tract infection 

(UTI), or a hypersensitivity reaction. It is also recommended that 

physicians with patients on Glyxambi monitor for increased levels 

of low-density lipoprotein cholesterol (LDL-C).10
 

Clinical Studies
A total of 686 patients with T2DM participated in a double-blind, 

active-controlled study to evaluate the efficacy and safety of em-

pagliflozin 10 mg or 25 mg in combination with linagliptin 5 mg 

compared with the individual components.10,11 Patients with T2DM 

inadequately controlled on at least 1500 mg of metformin per day 

entered a single-blind placebo run-in period for 2 weeks. At the end 

of the run-in period, patients who remained inadequately controlled 

and had an A1C between 7% and 10.5% were randomized 1:1:1:1:1 

to one of 5 active-treatment arms of empagliflozin 10 mg or 25 mg, 

linagliptin 5 mg, or linagliptin 5 mg in combination with 10 mg or 25 

mg empagliflozin as a fixed-dose combination tablet.10,11

At Week 24, empagliflozin 10 mg or 25 mg used in combination 

with linagliptin 5 mg provided statistically significant improvement 

in A1C (P <.0001) and FPG (P <.001) compared with the individ-

ual components in patients who had been inadequately controlled 

on metformin (Table 1). Treatment with Glyxambi 10 mg/5 mg or 

Glyxambi 25 mg/5 mg daily also resulted in a statistically significant 

reduction in body weight compared with linagliptin 5 mg (P <.0001). 

There was no statistically significant difference compared with em-

pagliflozin alone.10,11 Glyxambi is not indicated for weight loss.

Warnings and Precautions 
Pancreatitis
There have been postmarketing reports of acute pancreatitis, includ-

ing fatal pancreatitis, in patients taking linagliptin. Careful notice 

should be taken of potential signs and symptoms of pancreatitis. If 

pancreatitis is suspected, Glyxambi should be promptly discontin-

ued and appropriate management should be initiated. It is unknown 

whether patients with a history of pancreatitis are at increased risk 

for the development of pancreatitis while using Glyxambi.10

Hypotension
Empagliflozin causes intravascular volume contraction. Symptoma-

tic hypotension may occur after initiating empagliflozin, particular-

ly in patients with renal impairment, the elderly, patients with low 

systolic blood pressure, and patients on diuretics. Before initiating 

Glyxambi, patients should be assessed for volume contraction, and 

volume status should be corrected if indicated. Patients should be 

monitored for signs and symptoms of hypotension after initiating 

therapy, and monitoring should be increased in clinical situations 

where volume contraction is expected.10

Table 2. Adverse Reactions Reported in ≥5% of Patients 
Treated With Empagliflozin and Linagliptin10

Glyxambi
10 mg/5 mg

n = 272

Glyxambi
25 mg/5 mg

n = 273

n (%) n (%)

Urinary tract infectiona 34 (12.5) 31 (11.4)

Upper respiratory tract infection 19 (7.0) 19 (7.0)

Nasopharyngitis 16 (5.9) 18 (6.6)

aPredefined adverse event grouping, including but not limited to urinary 
tract infection, asymptomatic bacteriuria, cystitis.
Source: Glyxambi prescribing information.

Table 3. Incidence of Overalla and Severeb Hypoglycemic 
Adverse Reactions10

Glyxambi
10 mg/5 mg

(n = 136)

Glyxambi
25 mg/5 mg

(n = 137)

Overall (%) 2.2% 3.6%

Severe (%) 0% 0%

a Overall hypoglycemic events: plasma or capillary glucose ≤70 mg/dL or 
requiring assistance.

b Severe hypoglycemic events: requiring assistance regardless of blood 
glucose.

Source: Glyxambi prescribing information.
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Impairment in Renal Function
Empagliflozin increases serum creatinine and decreases eGFR. The 

risk of impaired renal function with empagliflozin is increased in el-

derly patients and patients with moderate renal impairment. More 

frequent monitoring of renal function is recommended in these pa-

tients. Renal function should be evaluated before initiating Glyxambi 

and periodically thereafter.10

Hypoglycemia With Concomitant Use With Insulin and Insulin 
Secretagogues
Insulin and insulin secretagogues are known to cause hypoglyce-

mia. The use of empagliflozin or linagliptin in combination with an 

insulin secretagogue (eg, sulfonylurea) or insulin was associated 

with a higher rate of hypoglycemia compared with placebo in a 

clinical trial. Therefore, a lower dose of the insulin secretagogue or 

insulin may be required to reduce the risk of hypoglycemia when 

used in combination with Glyxambi.10

Genital Mycotic Infections and Urinary Tract Infections
Empagliflozin increases the risk for GMIs. Patients with a history of 

chronic or recurrent GMIs were more likely to develop GMIs. Em-

pagliflozin also increases the risk for UTIs, and increases in LDL-C 

can occur with empagliflozin. Patients should be monitored and 

treated appropriately for any of these occurrences.10 

Hypersensitivity Reactions
There have been postmarketing reports of serious hypersensitivity 

reactions in patients treated with linagliptin (one of the components 

of Glyxambi). These reactions include anaphylaxis, angioedema, and 

exfoliative skin conditions. Onset of these reactions occurred within 

the first 3 months after initiation of treatment with linagliptin, with 

some reports occurring after the first dose. If a serious hypersensi-

tivity reaction is suspected, Glyxambi should be discontinued, other 

potential causes of the event should be assessed, and alternative 

treatment for diabetes should be instituted.10

Angioedema has also been reported with other DPP-4 inhibitors. 

Caution should be used in a patient who has a history of angio-

edema with another DPP-4 inhibitor because it is unknown whether 

such patients will be predisposed to angioedema with Glyxambi.10

Adverse Reactions
The safety of concomitantly administered empagliflozin (daily 

dose 10 mg or 25 mg) and linagliptin (daily dose 5 mg) has 

been evaluated in a total of 1363 patients with T2DM treated 

for up to 52 weeks in active-controlled clinical trials. The most 

common adverse reactions with concomitant administration of 

empagliflozin and linagliptin based on a pooled analyses of these 

studies are shown in Table 2. Table 3 summarizes the reports of 

hypoglycemia with empagliflozin and linagliptin over a treatment 

period of 52 weeks.10

Conclusions
SGLT2 inhibitors lower blood glucose by inhibiting the reabsorption 

of glucose in the kidney.6,7 SGLT2 inhibitors have a mechanism of 

action complementary to that of DPP-4 inhibitors, which stimulate 

the pancreas to produce more insulin and the liver to produce less 

glucose.3,8,9 Glyxambi inhibits both SGLT2 and DPP-4 to improve 

glycemic control.10 In a double-blind, active-controlled study to 

evaluate the efficacy and safety of empagliflozin 10 mg or 25 mg 

in combination with linagliptin 5 mg compared with the individual 

components, empagliflozin 10 mg or 25 mg used in combination 

with linagliptin 5 mg provided statistically significant improvement 

in A1C (P <.0001) and FPG (P <.001) compared with the individual 

components in patients who had been inadequately controlled on 

metformin. Treatment with Glyxambi 10 mg/5 mg daily or 25 mg/5 

mg daily also resulted in a statistically significant reduction in body 

weight compared with linagliptin 5 mg (P <.0001), although Glyx ambi 

is not indicated for weight loss. There was no statistically significant 

difference compared with empagliflozin alone. The most common 

adverse reactions associated with Glyxambi (≥5% incidence) were 

UTI, upper respiratory tract infection, and nasopharyngitis.10,11
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Imbruvica Approved for Third Indication, Waldenström’s 
Macroglobulinemia, as Breakthrough Therapy

Waldenström’s macroglobulinemia (WM) is a rare ma-

lignancy of immunoglobulin M (igM)-secreting B cells 

that occurs in approximately 1500 newly diagnosed 

patients in the United States each year.1,2 A type of non-Hodgkin’s 

lymphoma, WM is a slow-growing malignancy that gets worse with 

time by causing B lymphocytes to grow within the bone marrow, 

lymph nodes, liver, and spleen.3

The clinical manifestations and laboratory abnormalities of WM 

are related to tumor infiltration and the amount of monoclonal 

IgM. The most common general symptoms of WM are weakness 

and fatigue, which are usually secondary to anemia. Other symp-

toms, which occur in 15% to 30% of patients, include hepatomeg-

aly, splenomegaly, and lymphadenopathy.4

WM was first described in 1944 by Jan Waldenström.4 Although 

WM has generally not been curable, it has been treatable.2 Pa-

tients with the disease have survived a median of 5 to 10 years 

after diagnosis. Although chemotherapy is used as a maintenance 

treatment for patients with WM, maintenance treatment with al-

kylating chemotherapy has not been shown to extend survival.2,4 

Until the approval of Imbruvica, there had been no treatment ap-

proved specifically for WM.2

A New Indication for Imbruvica
On January 29, 2015, the FDA approved Imbruvica (ibrutinib) cap-

sules for the treatment of WM, receiving a breakthrough therapy 

designation for use.3 Marketed by Pharmacyclics and Janssen Bio-

tech, Imbruvica was previously approved for mantle cell lymphoma 

(MCL) and chronic lymphocytic leukemia (CLL).5 Imbruvica is the 

first therapy specifically indicated for WM.2

Dosing and Administration
Imbruvica is available in a 140-mg capsule. The recommended 

dose of Imbruvica for WM is 420 mg (three 140-mg capsules) 

 taken orally once daily. The capsules should be swallowed whole 

with water; they should not be broken, opened, or chewed. If a 

patient develops any grade 3 or greater nonhematologic toxicity, 

grade 3 or greater neutropenia with infection or fever, or grade 

4 hematologic toxicities, treatment with Imbruvica should be put 

on hold. The treatment can be restarted after symptoms have re-

solved to grade 1 or baseline. If toxicity develops again, the med-

ication should be put on hold again until symptoms resolve; then, 

when restarting Imbruvica, the daily dosage should be reduced by 

1 capsule, for a total daily dosage of 280 mg. If there is a need for 

a third restart because of toxicity, the dosage should be reduced 

by another capsule to a total daily dosage of 140 mg (1 capsule). 

Upon a fourth occurrence of toxicity, Imbruvica should be discon-

tinued.5

Mechanism of Action
Ibrutinib is a small-molecule inhibitor of Bruton’s tyrosine kinase 

(BTK). BTK is a signaling molecule of the B-cell antigen receptor 

and cytokine receptor pathways. BTK’s role in signaling results in 

activation of pathways necessary for B-cell trafficking. Ibrutinib 

forms a covalent bond with a cysteine residue in the BTK active site, 

therefore inhibiting the BTK enzymatic activity and thus inhibiting ma-

lignant B-cell proliferation and survival in vivo.5 

Clinical Studies
Ibrutinib was generally well tolerated in 63 patients with relapsed/

refractory WM during a phase 2 trial conducted at the Dana-Farber 

Cancer Institute. The results showed a statistically significant bone 

marrow disease burden decrease from 70% to 40% after 6 treatment 

cycles. Results also showed an IgM reduction from 3190 mg/dL to 

1232 mg/dL, while red blood cell production increased from 30.8% to 

39.7%; both changes were significant. According to lead study investi-

gator Steven Treon, MD, PhD, director of the Bing Center for Walden-

ström’s Research and an attending physician at Dana-Farber Cancer 

Institute and Brigham and Women’s Hospital in Boston, “These data 

suggest that ibrutinib was a highly active and well-tolerated treatment 

for Waldenström’s patients in this study and provide further evidence 

of the role of BTK in tumor growth.”5,6

The study, which evaluated the safety and efficacy of Imbruvica in 

patients with WM, was an open-label, multi-center, single-arm trial of 

63 previously treated patients. The median age was 63 years (range, 

44-86 years), 76% were male, and 95% were Caucasian. All patients 

had a baseline Eastern Cooperative Oncology Group performance sta-

tus of 0 or 1. The median time since diagnosis was 74 months, and the 

Table 1. Response Rate and Duration of Response Based 
on IRC Assessment in Patients With Waldenström’s 
Macroglobulinemia5

Total (N = 63)

Complete response (CR) 0

Very good partial response (VGPR) (%) 11.1

Partial response (PR) (%) 50.8

Response rate (CR+VGPR+PR) (%) 61.9 (95% CI: 48.8-73.9)

Median duration of response, months 
(range)

NR (2.8+, 18.8+)

IRC indicates Independent Review Committee; NR, not reached. 
Source: Imbruvica prescribing information.
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median number of prior treatments was 2 (range, 1-11 treatments). 

At baseline, the median serum IgM value was 3.5 g/dL (range, 0.7-

8.4 g/dL).5

Imbruvica was administered orally at 420 mg once daily un-

til disease progression or unacceptable toxicity. The responses  

were assessed by investigators and an Independent Review 

Committee (IRC) using criteria adopted from the International 

Workshop of Waldenström’s Macroglobulinemia. Responses, de-

fined as partial response or better per IRC are shown in Table 1.  

The median time to response was 1.2 months (range: 0.7-13.4 

months).5

The most common grade 3 or higher treatment-related adverse 

events were thrombocytopenia (9 patients) and neutropenia (12 

patients). Stomatitis, atrial fibrillation, diarrhea, herpes zoster, 

 hematoma, hypertension, and epistaxis each occurred in 1 patient. 

Nonhematologic adverse events of any grade reported in the trial 

included diarrhea, nausea, stomatitis, gastroesophageal reflux dis-

ease, rash, bruising, pruritus, fatigue, muscle spasms, arthropathy, 

upper respiratory tract infection, sinusitis, pneumonia, skin infec-

tion, epistaxis, cough, dizziness, headache, and skin cancer. Hema-

tologic adverse events included decreases in platelet, hemoglobin, 

and neutrophil levels. 

Of nonhematologic adverse events, 2 reached the level of grade 3 

or 4 severity: pneumonia and skin infection. However, among hema-

tologic adverse events, all 3 that occurred (platelet, hemoglobin, and 

neutrophil levels) reached the grade 3 or 4 severity level. Drug-relat-

ed treatment discontinuation was observed for 6% of patients, and 

dose reductions because of an adverse event were reported in 11% 

of patients.5,8

Adverse Reactions
The data described below reflect exposure to Imbruvica in an open 

label clinical trial that included 63 patients with previously treated 

WM. The most commonly occurring adverse reactions in the WM trial 

(≥20%) were neutropenia, thrombocytopenia, diarrhea, rash, nausea, 

muscle spasms, and fatigue. Adverse reactions and laboratory abnor-

malities described in Tables 2 and 3 reflect exposure to Imbruvica 

with a median duration of 11.7 months.5

Warnings and Precautions
Warnings and precautions that should be considered for Imbruvica 

treatment in patients with WM are the same as for the other indica-

tions for Imbruvica (MCL and CLL). There is a risk of hemorrhage; 

the benefit/risk of withholding treatment for 3 to 7 days before 

and after surgery should be considered. Patients should be moni-

tored for fever and infections and should be evaluated promptly if 

either or both occur. Patients should also be monitored for myelo-

suppression; complete blood counts should be obtained monthly. 

Patients also should be monitored periodically for atrial fibrillation, 

especially those with cardiac risk factors, acute infections, or a his-

tory of atrial fibrillation; if arrhythmic symptoms or new onset dys-

pnea develop, an electrocardiogram should be performed. There 

is also a risk of second primary malignancies (eg, skin cancer or 

other carcinomas).5

Imbruvica may increase the risk of hemorrhage in patients re-

Table 2. Non-Hematologic Adverse Reactions in ≥10% of 
Patients With Waldenström’s Macroglobulinemia (N = 63)5

System Organ Class Preferred Term
All 

Grades 
(%)

Grade 3 
or 4 (%)

Gastrointestinal 
disorders

Diarrhea
Nausea
Stomatitisa

Gastroesophageal 
reflux disease

37
21
16
13

0
0
0
0

Skin and subcutaneous 
tissue disorders

Rasha

Bruisinga

Pruritus

22
16
11

0
0
0

General disorders and 
administrative site 
conditions

Fatigue 21 0

Musculoskeletal and 
connective tissue 
disorders

Muscle spasms
Arthropathy

21
13

0
0

Infections and 
infestations

Upper respiratory 
tract infection
Sinusitis
Pneumoniaa

Skin infectiona

19
19
14
14

0
0
6
2

Respiratory, thoracic, 
and mediastinal 
disorders

Epistaxis
Cough 

19
13

0
0

Nervous system 
disorders

Dizziness
Headache

14
13

0
0

Neoplasms benign, 
malignant, and 
unspecified (including 
cysts and polyps)

Skin cancera 11 0

The system organ class and individual adverse drug reaction terms are 
sorted in descending frequency order.
aIncludes multiple adverse drug reaction terms. 
Source: Imbruvica prescribing information.

Table 3. Treatment-Emergenta Decrease of Hemoglobin, 
Platelets, or Neutrophils in Patients With Waldenström’s 
Macroglobulinemia (N = 63)5

Percent of Patients (N = 63)

All Grades (%) Grade 3 or 4 (%)

Platelets decreased 43 13

Neutrophils decreased 44 19

Hemoglobin decreased 13 8

aBased on laboratory measurements.
Source: Imbruvica prescribing information.
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ceiving anticoagulants or antiplatelet agents. Approximately half 

of the patients treated with Imbruvica have experienced a bleeding 

event and 6% of patients have had bleeding of grade 3 severity 

or  higher (ie, subdural hematoma, gastrointestinal bleeding, and 

hematuria with postprocedural hemorrhage). The mechanism for 

the bleeding events is unclear.5

Patients should be monitored for fever and infections while be-

ing administered Imbruvica; both fatal and nonfatal infections have 

occurred. Grade 3 or higher infections occurred in 14% to 26% of 

patients in clinical trials. Additionally, cases of progressive multi-

focal leukoencephalopathy have been recorded in patients taking 

Imbruvica.5

It is recommended that complete blood counts be taken at least 

once monthly while patients are taking Imbruvica, because cases 

of grade 3 and 4 treatment-emergent neutropenia, thrombocyto-

penia, and anemia have occurred.5

It is recommended that the risks versus benefits of continued 

use of Imbruvica in patients who develop persistent atrial fibrilla-

tion during therapy be evaluated. In patients using Imbruvica, the 

risk of developing atrial fibrillation or atrial flutter is approximately 

6% to 9%, and may be higher in groups of patients with cardiac risk 

factors, in patients with acute infections, and in patients who have 

previously had atrial fibrillation.5

Second primary malignancies and tumor lysis syndrome have 

been reported with Imbruvica.5

Animal data suggest a possible risk of fetal harm if Imbruvica is 

administered to a pregnant woman during fetal gestation. In rats, 

malformations were recorded when pregnant rats were adminis-

tered a daily dose of Imbruvica equivalent to 20 times the dose 

administered to humans with WM. Reduced fetal weight in rats has 

been observed with administration of lower doses of Imbruvica.5

Drug-Drug Interactions
Ibrutinib is metabolized primarily by cytochrome P450, by CYP3A, 

and to a minor extent by CYP2D6. The area under the concentra-

tion-time curve (AUC) for ibrutinib may increase by more than 

5-fold when coadministered with moderate CYP3A inhibitors, such 

as diltiazem and erythromycin. When administered in a 1-dose 

study with ketoconazole, the ibrutinib dose increased Cmax and AUC 

29-fold and 24-fold, respectively. A decrease in ibrutinib dose by 

3-fold may be seen with moderate CYP3A inducers. The strong CY-

P3A inducer rifampin reduced the ibrutinib Cmax more than 13-fold 

and reduced AUC more than 10-fold.5

Use in Specific Populations  
Pregnancy
Ibrutinib is a Pregnancy Category D medication. Animal findings 

suggest Imbruvica can cause fetal harm, specifically visceral mal-

formations (heart and major vessels) and increased post implanta-

tion loss, if administered to pregnant women.5

Nursing Mothers
There are no data to indicate whether ibrutinib is excreted in hu-

man milk. Because of the potential for serious adverse reactions 

in nursing infants from Imbruvica, caution should be used when 

administering the drug to nursing women.5

Geriatric Use
In a clinical trial for WM, 37 of the 63 patients were 65 years or  older. 

No difference in efficacy was observed between these patients and 

those younger than 65 years. However, there was an increase in the 

frequency of cardiac adverse events (eg, atrial fibrillation and hyper-

tension) and infection (eg, pneumonia and urinary tract infection) 

among elderly patients.5

Guidelines
The most recent guidelines published by the National Comprehen-

sive Cancer Network (NCCN) for the treatment of patients with WM 

recommend treatment for patients with confirmed WM with certain 

symptoms that are indications for treatment. These symptoms in-

clude hyperviscosity, neuropathy, organomegaly, amyloidosis, cold 

agglutinin disease, cryoglobulinemia, WM-associated cytopenias, 

and bulky adenopathy. For treatment of these symptoms, use of 

plasmapheresis, plasmapheresis plus rituximab, rituximab alone, 

or treatments administered in the context of a clinical trial may be 

indicated. In patients who experience a response to initial therapy 

and later have a relapse of WM, a range of treatment options are 

available.9

WM patients who have experienced a relapse after treatment 

with plasmapheresis and/or rituximab may receive treatments 

that may or may not be toxic to stem cells. Treatments that are not 

toxic to stem cells include ibrutinib; bortezomib with or without 

dexamethasone with or without rituximab; carfilzomib/rituximab/

dexamethasone; cyclophosphamide/doxorubicin/vincristine/

prednisone/rituximab; rituximab with or without cyclophospha-

mide and prednisone or dexamethasone; and thalidomide with or 

without rituximab. Treatments that may be toxic to stem cells in-

clude bendamustine with or without rituximab; cladribine with or 

without rituximab; chlorambucil; fludarabine with or without ritux-

imab; and fludarabine/cyclophosphamide/rituximab.9

If these treatments fail, any of the treatment options used for ini-

tial WM therapy may also be used for relapsed WM after treatment 

failure (including ibrutinib). However, in the setting of a relapse, 

the NCCN guidelines also recommend ofatumumab (for individuals 

who cannot tolerate rituximab), everolimus, and alemtuzumab as 

additional treatment options. Additionally, for some patients with 

WM who experience a relapse after primary therapy, stem cell 

transplant may be a treatment option.9

Several treatment-specific therapeutic considerations must be 

considered in the selection of an appropriate therapy for WM. For 

instance, before receiving rituximab or ofatumumab, an oncologlist 
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should measure IgM levels and evaluate symptoms associated with 

serum hyperviscosity. If IgM levels are too high (ie, ≥5000 mg/

dL), rituximab or ofatumumab treatment may aggravate IgM level 

increases, further increasing serum viscosity. Similarly, patients 

receiving treatment with carfilzomib should be monitored regularly 

for IgA and IgG levels, because levels of these antibodies may be 

lowered, leading to immunosuppression. Treatments that include 

cladribine, chlorambucil, or fludarabine are thought to increase the 

risk of developing myelodysplastic syndrome or acute myeloid leu-

kemia in patients with WM. In addition, vincristine-based therapy 

is associated with a high risk of peripheral neuropathy. All of these 

considerations, as well as the FDA approval status of NCCN-rec-

ommended therapies for WM, should be taken into account before 

choosing a treatment regimen.9

Conclusions
Since the first description of WM decades ago, there has been 

no approved treatment for this cancer. Rather, doctors relied on 

therapies borrowed from similar cancers to treat patients with the 

disease. Even though there are very few cases of WM diagnosed 

annually, the need for a therapeutic agent should not be underes-

timated. Imbruvica is the first therapy to be approved specifically 

to treat WM.
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Intrauterine devices (IUDs) or systems (IUSs), also referred to 

as long-acting reversible contraceptives, are among the most 

successful means of preventing unplanned pregnancy.1 The le-

vonorgestrel (LNG) IUS may prevent pregnancy by changing cervi-

cal mucus viscosity and inducing endometrial suppression. Normal 

ovulation is still typically experienced, but with decreased menstrual 

bleeding because of the local effect of LNG on the endometrium.2

IUDs have a failure rate of less than 1%, and there is little chance 

of user error because the user does not need to do anything with 

the device for it to be effective. Almost all women are eligible for an 

IUD; contraindications are few.3 However, it is important to note that 

IUDs do not protect against sexually transmitted infections (STIs), 

including human immunodeficiency virus (HIV).4

A New Contraceptive to Prevent Pregnancy
In February 2015 the FDA approved Liletta (levonorgestrel-releas-

ing intrauterine system) by Actavis to prevent pregnancy for up to 

3 years. The small T-shaped system is made of a flexible plastic 

that works as an effective and safe form of contraception. Liletta is 

administered by a healthcare professional and can be inserted at 

any time, provided that the woman is not pregnant.4

Dosing
Liletta contains 52 mg of LNG. Initially, LNG is released at a rate of 

18.6 mcg/day. This rate decreases progressively to approximately 

16.3 mcg/day at 1 year, 14.3 mcg/day at 2 years, and 12.6 mcg/

day at 3 years after insertion. The average in vivo release rate 

of LNG is approximately 15.6 mcg/day over a period of 3 years. 

 Liletta can be removed at any time but must be removed by the 

end of the third year. Liletta can be replaced at the time of removal 

with a new Liletta device if continued contraceptive protection is 

desired. The Liletta IUS has a polyethylene frame and is packaged 

within a sterile inserter.4

Mechanism of Action
The local mechanism by which continuously released LNG provides 

contraception has not been conclusively demonstrated. Studies 

of LNG-releasing IUSs suggest several mechanisms for pregnancy 

prevention: prevention of fertilization due to the thickening of the 

cervical mucus, which inhibits sperm passage through the cervix; 

inhibition of sperm mobility and function (capacitation); and alter-

ation of the endometrium.4

Clinical Studies
Liletta was studied in a multicenter, randomized, open-label trial 

that enrolled 1910 healthy female subjects aged 16 to 45 years, 

1751 of whom received Liletta. Liletta was inserted in 1011 nul-

liparous (58%) and 740 parous (42%) females. The demographics 

of the subjects who received Liletta were indicated as Caucasian, 

78.4%; Black or African American, 13.3%; Asian, 3.9%; American 

Indian or Alaska Native, 1.2%; Native Hawaiian or other Pacific Is-

lander, 0.3%; 2.9% identified multiple races, and 14.7% indicated 

Hispanic ethnicity. The clinical trial had no upper or lower weight 

or body mass index (BMI) limit, and the BMI range was 15.8 to 

61.6 kg/m2. The mean BMI of Liletta subjects was 26.9 kg/m2; 

24% were overweight, 24% were obese (BMI ≥30 kg/m2), and 5% 

were morbidly obese (BMI ≥40 kg/m2).4

The pregnancy rate, calculated as the Pearl Index (PI) in females 

aged 16 to 35 years, was the primary efficacy end point used to as-

sess contraceptive reliability. The PI was calculated based on 28-

day equivalent exposure cycles; evaluable cycles excluded those 

in which back-up contraception was used unless a pregnancy oc-

curred in that cycle. The Year 1 PI was based on 2 pregnancies, 

and the cumulative 3-year pregnancy rate was calculated by the 

life table method, based on a total of 6 pregnancies that occurred 

after the onset of treatment and within 7 days after Liletta removal 

or expulsion (Table 1). Contraceptive protection did not appear to 

vary by parity, race, or BMI.4

Of 68 women who wanted to become pregnant after discontinu-

ing the study, 71% conceived within 6 months after Liletta removal, 

and 87% conceived within 12 months after removal.4

Adverse Reactions
In the Liletta clinical trial, in which a total of 1751 healthy sub-

jects were exposed, 1412 subjects were exposed for 1 year and 

383 subjects completed 3 years of use; the data cover more than 

22,000 28-day cycles of Liletta exposure. The most common ad-

verse reactions (occurring in 5% of users) are shown in Table 2.4

In the trial, 12.3% of Liletta users discontinued prematurely due 

to an adverse reaction. The most common adverse reaction lead-

ing to discontinuation was expulsion (3.5%), followed by bleeding 

Table 1. Cumulative Pregnancy Rates4

Liletta Clinical Trial Year 1 Pearl 
Index

Cumulative 
3-Year Life Table

Number of 28-day cycles  
of exposure 17,125 34,711

Pregnancy rate (95% CI) 0.15 (0.02-0.55) 0.55 (0.24-1.23)

Source: Liletta prescribing information.
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complaints (1.5%), acne (1.3%), mood swings (1.3%), dysmenor-

rhea (0.6%), and uterine spasm (0.6%). Two women discontinued 

the clinical study because of pelvic inflammatory disease (PID), 

and 1 because of endometritis. Serious adverse reactions included 

suicidality and exacerbations of depression and bipolar disorder, 

ectopic pregnancy, ovarian cysts, and IUS perforation requiring a 

laparoscopic surgery.4

Warnings and Precautions 
Ectopic Pregnancy 
Women should be evaluated for ectopic pregnancy if they become 

pregnant when Liletta is in place because the likelihood of a preg-

nancy being ectopic is increased; approximately half of pregnan-

cies that occur when Liletta is in place will be ectopic. The possi-

bility of ectopic pregnancy should also be considered in the case of 

lower abdominal pain, especially in association with missed periods 

or if an amenorrheic woman starts bleeding. If an ectopic pregnancy 

is confirmed, Liletta should be removed.4

The incidence of ectopic pregnancy in the clinical trial with 

 Liletta, which excluded women with a history of ectopic pregnancy 

who had not had a subsequent intrauterine pregnancy, was approx-

imately 0.12 per 100 women-years. The risk of ectopic pregnancy 

in women who have a history of ectopic pregnancy and use Liletta 

is unknown. Women with a previous history of ectopic pregnancy, 

tubal surgery, or pelvic infection have a higher risk of ectopic preg-

nancy. Ectopic pregnancy may require surgery and may result in 

loss of fertility. Women who choose Liletta should be told about the 

risks of ectopic pregnancy, including loss of fertility. They should 

be taught to recognize any sign of ectopic pregnancy and promptly 

report it to their healthcare provider.4

Intrauterine Pregnancy 
If intrauterine pregnancy occurs while a patient is using Liletta, it 

should be removed, because leaving it in place may increase the risk 

of spontaneous abortion and preterm labor. Removal of Liletta or 

probing of the uterus may also result in spontaneous abortion.4

In patients becoming pregnant with an IUS in place, septic abor-

tion—accompanied by septicemia, septic shock, or death—may oc-

cur spontaneously, or may need to be induced. Septic abortion 

typically requires hospitalization and treatment with intravenous 

antibiotics. Should severe infection of the uterus occur, it may be-

come necessary to perform a hysterectomy, which will result in 

permanent infertility.4 

If a woman becomes pregnant with Liletta in place and if Liletta 

cannot be removed or the woman chooses not to have it removed, 

she should be warned that failure to remove it increases the risk of 

miscarriage, sepsis, premature labor, and premature delivery. Prena-

tal care should include counseling about these risks, and she should 

immediately report any flu-like symptoms, fever, chills, cramping, pain, 

bleeding, vaginal discharge or leakage of fluid, or any other symptom 

that suggests complications of pregnancy.4

Sepsis
Severe infection or sepsis, including group A streptococcal sepsis 

(GAS), has been reported after insertion of other LNG-releasing 

IUSs. In some cases, severe pain occurred within hours of inser-

tion, followed by sepsis within days. Because death from GAS is 

more likely if treatment is delayed, it is important to be aware of 

these rare but serious infections. Employment of aseptic tech-

nique during insertion of Liletta is essential to minimize serious 

infections such as GAS.4

Pelvic Inflammatory Disease or Endometritis
Insertion of Liletta is contraindicated in the presence of known or 

suspected PID or endometritis or a history of PID unless there has 

been a subsequent intrauterine pregnancy. IUSs have been asso-

ciated with an increased risk of PID, most likely due to organisms 

being introduced into the uterus during insertion.4

In the clinical trial of Liletta, pelvic infection was diagnosed in 

0.6% of subjects; the infection was diagnosed as PID in 0.4% and 

as endometritis in 0.2%. About one-third of women diagnosed with 

PID developed the infection within a week of Liletta insertion, while 

the remainder were diagnosed more than 6 months after insertion. 

The cases of endometritis had an onset of less than 40 days after 

Liletta insertion.4

Women who receive Liletta should notify a healthcare provider if 

they have lower abdominal or pelvic pain, odorous discharge, unex-

plained bleeding, fever, or genital lesions or sores. In such circum-

stances, a pelvic examination should be performed promptly to evalu-

ate for possible pelvic infection. Liletta should be removed in cases of 

recurrent PID or endometritis, or if an acute pelvic infection is severe 

Table 2. Adverse Reactions in ≥5% of Liletta Users in 
Phase 3 Clinical Study4

System Organ Class/Preferred Term % Liletta Subjects  
(N = 1751)

Vaginal infections 13.6%

Vulvovaginal infections 13.3%

Acne 12.3%

Headache or migraine 9.8%

Nausea or vomiting 7.9%

Dyspareunia 7.0%

Abdominal discomfort or pain 6.8%

Breast tenderness or pain 6.7%

Pelvic discomfort or pain 6.1%

Depression or depressed mood 5.4%

Mood changes 5.2%

Source: Liletta prescribing information.
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or does not respond to treatment.4 PID or endometritis may be asymp-

tomatic but still result in tubal damage and its sequelae.4

PID and endometritis are often associated with an STI; Liletta does 

not protect against STIs. The risk of PID or endometritis is greater for 

women who have multiple sexual partners and also for women whose 

sexual partners have multiple sexual partners. Women who have had 

PID or endometritis are at increased risk for a recurrence or reinfec-

tion. It should be determined whether the woman is at increased risk 

of infection (for example, from leukemia, AIDS, or intravenous drug 

abuse).4

After a diagnosis of PID or endometritis, or suspected PID or endo-

metritis, appropriate testing for STIs should be performed and antibi-

otic therapy initiated promptly. Liletta does not have to be removed 

immediately if the woman requires ongoing contraception. In the Li-

letta clinical trial, 7 of the 10 women who developed PID or endome-

tritis were successfully treated without need for removal of the device. 

When antibiotic therapy is initiated, the woman should be reassessed 

after 48 to 72 hours. If no clinical improvement occurs, the antibiotics 

should be continued and removal of Liletta should be considered. If 

the woman wants to discontinue use of Liletta, it should be removed 

after the antibiotics have been started, to avoid the risk of bacterial 

spread resulting from the removal procedure.4

Actinomycosis has been associated with IUS use. Symptoma-

tic women with known actinomycosis infection should have Liletta 

removed and receive antibiotics. Actinomycetes can be found in 

the genital tract cultures of healthy women without IUSs. The sig-

nificance of actinomyces-like organisms on Papanicolaou test (Pap 

smear) in an asymptomatic IUS user is unknown, and so this find-

ing alone does not always require Liletta removal and treatment. 

When possible, a Pap smear diagnosis should be confirmed with 

cultures.4

Perforation 
Perforation (total or partial, including penetration/embedment of 

Liletta in the uterine wall or cervix) may occur, most often during 

insertion, although the perforation may not be detected until 

sometime later. Perforation may reduce contraceptive efficacy and 

result in pregnancy. The incidence of perforation during or follow-

ing Liletta insertion in the clinical trial, which excluded breastfeed-

ing women, was 0.1%.4

If perforation occurs, Liletta should be located and removed. 

Surgery may be required. Delayed detection or removal of Liletta 

may result in migration outside the uterine cavity, adhesions, peri-

tonitis, intestinal perforations, intestinal obstruction, abscesses, 

or erosion of adjacent viscera. A large postmarketing safety study 

with other IUSs demonstrated an increased risk of perforation in 

lactating women. The risk of perforation may be increased if Liletta 

is inserted when the uterus is fixed retroverted or not completely 

involuted during the postpartum period. Liletta insertion should be 

delayed a minimum of 6 weeks or until involution is complete after 

a delivery or a second-trimester abortion.4

Expulsion 
Partial or complete expulsion of Liletta may occur, resulting in the 

loss of contraceptive protection. In either case, a new Liletta may 

be inserted within 7 days after the onset of a menstrual period 

after pregnancy has been ruled out. In the clinical trial with Liletta, 

an overall expulsion rate of 3.5% was reported, with a rate of 2.0% 

in nulliparous subjects and 5.6% in parous subjects. Expulsion 

may be associated with symptoms of bleeding or pain, or it may 

be asymptomatic and go unnoticed. Liletta typically decreases 

men strual bleeding over time; therefore, an increase in menstrual 

bleeding may be indicative of an expulsion. As with perforation, the 

risk of expulsion may be increased when the uterus is not com-

pletely involuted, so after a delivery or a second-trimester abor-

tion, insertion should be delayed a minimum of 6 weeks or until 

uterine involution is complete.4

Ovarian Cysts 
Because the contraceptive effect of Liletta is mainly a result of its 

local effects within the uterus, ovulatory cycles with follicular rup-

ture usually occur in women of fertile age using Liletta. Sometimes 

atresia of the follicle is delayed, and the follicle may continue to 

grow. Most ovarian cysts that occur during use of LNG-releasing 

IUSs are asymptomatic and disappear spontaneously during 2 to 

3 months of observation. Cysts that cause clinical symptoms can 

result in pelvic or abdominal pain or dyspareunia. In the clinical 

trial, symptomatic ovarian cysts occurred in 3.4% of subjects using 

Liletta, and 0.3% of subjects discontinued use of Liletta because 

of an ovarian cyst. Persistent ovarian cysts should be evaluated; 

surgical intervention is not usually required but may be necessary 

in some cases. The risk should be discussed with patients who 

choose to use Liletta.4

Bleeding Pattern Alterations 
Liletta can alter the menstrual bleeding pattern and result in 

spotting, irregular bleeding, heavy bleeding, oligomenorrhea, and 

amenorrhea. During the first 3 to 6 months of Liletta use, the num-

ber of bleeding and spotting days may be increased, and bleeding 

patterns may be irregular. Thereafter, the number of bleeding and 

spotting days usually decreases, but bleeding may remain irregu-

lar.4

Breast Cancer 
Women who currently have or have had breast cancer, or have a 

suspicion of breast cancer, should not use hormonal contraception, 

including Liletta, because some breast cancers are hormone-sen-

sitive. Spontaneous reports of breast cancer have been received 

during postmarketing experience with another LNG-releasing IUS. 

Observational studies have not provided consistent evidence of an 
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increased risk of breast cancer with use of an LNG-releasing IUS.4

Clinical Considerations for Use and Removal 
A complete medical and social history, including partner status, 

should be obtained to determine conditions that might influence 

the selection of an IUS for contraception. Because irregular bleed-

ing/spotting is common during the first months of Liletta use, en-

dometrial pathology (polyps or cancer) should be excluded before 

the insertion of Liletta in women with persistent or uncharacter-

istic bleeding. Special attention should be given to ascertaining 

whether a woman is at increased risk of infection (due, for exam-

ple, to leukemia, AIDS, intravenous drug abuse) or has a history of 

PID unless there has been a subsequent intrauterine pregnancy.4

Liletta should be used with caution after careful assessment if 

any of the following conditions exist, and removal of the IUS should 

be considered if any arise during use: coagulopathy or use of an-

ticoagulants; migraine, or focal migraine with asymmetrical visual 

loss or other symptoms indicating transient cerebral ischemia; ex-

ceptionally severe headache; marked increase of blood pressure; 

and severe arterial disease such as stroke or myocardial infarction. 

Removal of Liletta also should be considered in the case of uterine 

or cervical malignancy or jaundice.4

If the threads of the device are not visible or are signific antly 

shortened, they may have broken or retracted into the cervical ca-

nal or uterus; it is also possible that the IUS may have become 

displaced (eg, by being expelled or by perforating the uterus). The 

possibility of pregnancy should be excluded and the location of Li-

letta should be verified by sonography, X-ray, or gentle exploration 

of the cervical canal with a suitable instrument. If Liletta is dis-

placed, it should be removed, and a new Liletta may be inserted at 

that time or during the next menses if it is certain that conception 

has not occurred. If Liletta is in place with no evidence of perfora-

tion, no intervention is indicated.4

Pregnancy and Lactation 
If a woman becomes pregnant with Liletta in place, there is an 

increased risk of miscarriage, sepsis, premature labor, and pre-

mature delivery. Published studies report no harmful effects on 

fetal development associated with long-term use of contraceptive 

doses of oral progestins in a pregnant woman. In the general US 

population, clinically recognized pregnancies carry a 2% to 4% 

background risk of major birth defects and a 15% to 20% back-

ground risk of miscarriage. Women should be advised of the risks 

if pregnancy occurs with Liletta in place.4

Published studies report the presence of LNG in human milk. 

Small amounts of progestins (approximately 0.1% of the total ma-

ternal doses) were detected in the breast milk of nursing moth-

ers who used other LNG-releasing IUSs. There are no reports of 

adverse effects in breastfed infants with maternal use of proges-

tin-only contraceptives. Isolated cases of decreased milk pro-

duction have been reported with another LNG-releasing IUS. The 

developmental and health benefits of breastfeeding should be 

considered along with the mother’s clinical need for Liletta and 

any potential adverse effects for the breastfed child from Liletta or 

from the underlying maternal condition.4

Conclusions
The approval of Liletta for the prevention of pregnancy for up to 3 

years adds a new contraceptive option that may benefit patients 

looking for reliability and convenience. The efficacy of Liletta was 

demonstrated in a multicenter, randomized, open-label clinical trial 

that enrolled 1910 generally healthy women aged 16 to 45 years. 

The most common adverse reactions (incidence >10% of users) 

associated with Liletta were vaginal infections, vulvovaginal infec-

tions, and acne.4
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According to the National Cancer Institute, cancer of the  ovary 

accounted for about 22,000 new diagnoses and about 14,000 

deaths in the United States in 2014. The overall prevalence of 

ovarian cancer in the United States is approaching 200,000 women. 

Unfortunately, with the current treatment options, the 5-year survival 

rate is just under 45%.1

Treatment concepts vary substantially by the site and stage of 

the tumor.2 Early-stage localized ovarian cancers are usually treated 

surgically; however, only 15% of ovarian cancers are confined to the 

primary site of development. For patients diagnosed with a localized 

malignancy, the prognosis is quite good, with a 5-year survival rate 

above 90%.3 If the malignancy is diagnosed with metastatic disease, 

much more thorough treatment is required, such as a combination 

of surgery and chemotherapy.2 Despite multimodal treatment, prog-

nosis is poor. Ovarian cancer with distant metastases has a 5-year 

survival rate below 30%.3 Furthermore, the majority of patients with 

recurrent metastatic ovarian cancer will not be cured, often due to 

the development of chemotherapy-resistant disease.4 Despite the 

increased knowledge regarding ovarian cancer, new pharmaceuti-

cals indicated for the disease, and the variety of permutations of 

available treatment options, the 5-year survival rate in ovarian ma-

lignancies has remained relatively stagnant over the last 2 decades.1 

From these statistics, it is clear there is an urgent unmet need for 

more effective treatment options for patients with recurrent ovarian 

cancer.

Because ovarian cancer is associated with a high level of recur-

rence and therefore an increased level of morbidity and mortality, 

the cost of caring for patients with the disease can be significant. 

Patients who have recurrent ovarian cancer after completing a first-

line chemotherapy regimen have a poor prognosis, with cure being 

unlikely.4 It is estimated that over $5 billion was spent on ovarian 

cancer care in the United States in 2014, including costs incurred by 

patients from the first year of therapy through the last year of life.5

Increasing knowledge about the heterogeneous molecular biology 

of ovarian cancer has led to the development of targeted therapies 

that promise to be more effective and provide the basis for person-

alized treatment. In ovarian cancer, the most established targeted 

treatment option, bevacizumab, has demonstrated only modest pro-

longed progression-free survival and no increased overall survival.6 

The current treatment paradigm for ovarian cancer, which includes 

surgical resection, cytotoxic chemotherapy, and radiation therapy, is 

often not enough to control the disease. In fact, the current National 

Comprehensive Cancer Network guidelines for patients with per-

sistent or recurrent ovarian cancer consider clinical trial enrollment 

and best supportive care to be potential treatment options.2

Lynparza: Targeted Treatment Option
In December 2014, the FDA granted accelerated approval for the 

cytotoxic agent olaparib, to be marketed by AstraZeneca under 

the brand name Lynparza, in the treatment of advanced ovarian 

cancer associated with defective BRCA genes, as detected by an 

FDA- approved test, BRACAnalysisCDx. This is the first indication for 

olaparib.7

The accelerated approval was based on Lynparza’s efficacy, 

which was studied in a trial where 137 participants with germline 

BRCA-mutation (gBRCAm)-associated ovarian cancer received the 

drug. The study was designed to measure objective response rate 

(ORR), or the percentage of participants who experienced partial 

shrinkage or complete disappearance of the tumor. Results showed 

an ORR of 34%, with responses lasting an average of 7.9 months.7 

“[This] approval constitutes the first of a new class of drugs for 

treating ovarian cancer,” said Richard Pazdur, MD, director of the 

Office of Hematology and Oncology Products in the FDA’s Center for 

Drug Evaluation and Research. “Lynparza is approved for patients 

with specific abnormalities in the BRCA gene and is an example of 

how a greater understanding of the underlying mechanisms of dis-

ease can lead to targeted, more personalized treatment.”7

Mechanism of Action
Olaparib is an inhibitor of Poly(ADP-ribose) polymerase (PARP) en-

zymes, including PARP1, PARP2, and PARP3.8 PARP is an abundant 

nuclear enzyme that is recruited to repair DNA damage in cells and 

also plays a role in cell proliferation, differentiation, and transforma-

tion.9 Olaparib was shown in vitro to disrupt cellular homeostasis 

and cell death by possible inhibition of PARP enzymatic activity and 

increased formation of the PARP-DNA complex. After treatment with 

olaparib, increased anti-tumor activity and cytotoxicity were noted 

in cell lines and mouse tumor models with deficiencies in BRCA.8

Dosing and Administration
For patients with deleterious or suspected deleterious germline 

BRCA-mutated advanced ovarian cancer who have been treated 

with 3 or more prior lines of chemotherapy, the recommended dose 

is 400 mg of olaparib given orally twice daily (total daily dose: 800 

mg). Patients should continue treatment until there is either disease 

progression or unacceptable toxicity. If adverse reactions occur, 

dose reduction or interruption of treatment should be considered. 

The recommended dose reduction is to 200 mg twice daily (total 

Lynparza Granted Accelerated Approval for Treatment of  
Advanced Ovarian Cancer 
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daily dose: 400 mg). In cases where a further final dose reduction is 

required, the dosage should be reduced to 100 mg twice daily (total 

daily dose: 200 mg).8

Olaparib is primarily metabolized by the CYP3A4 enzyme, and 

therefore the use of strong and moderate CYP3A inhibitors should 

be avoided. If the CYP3A inhibitor cannot be avoided, reduce the 

olaparib dose to 150 mg twice daily (total daily dose: 300 mg) for a 

strong CYP3A inhibitor or 200 mg twice daily (total daily dose: 400 

mg) for a moderate CYP3A inhibitor.8

If a patient misses a dose of Lynparza, the patient should take 

the next dose at its scheduled time. Capsules should be swallowed 

whole and should not be chewed, dissolved, or opened. Capsules 

should not be used if they appear deformed or show evidence of 

leakage.8

Basis for FDA Approval 
Olaparib was given accelerated approval based on ORR and du-

ration of response (DOR) in a single-arm study in patients with del-

eterious or suspected deleterious gBRCAm advanced cancers. All of 

the 137 enrolled patients had gBRCAm-associated ovarian cancer and 

were treated with 3 or more prior lines of chemotherapy. Each patient 

was given 400 mg of olaparib as monotherapy until disease progres-

sion or intolerable toxicity. The primary end points of this trial were 

ORR and DOR. These 2 end points were assessed by the investigator 

according to RECIST (Response Evaluation Criteria in Solid Tumors) 

v1.1.8

Patient Population
The median age of patients enrolled in the clinical trial was 58 years. 

The majority of patients were Caucasian (94%) and had an Eastern 

Cooperative Oncology Group Performance Score of 0 or 1 (93%). Del-

eterious or suspected deleterious gBRCA mutation status was verified 

retrospectively in 97% of the patients for whom blood samples were 

available by the companion diagnostic BRACAnalysisCDx. This diag-

nostic test is approved by the FDA for selecting patients for olaparib 

treatment.8

Efficacy
As shown in Table 1, the trial results demonstrated an overall  response 

rate of 34% (95% CI, 26%-42%). The median response duration was 7.9 

months (95% CI, 5.6-9.6 months).8

Safety and Serious Adverse Events
Olaparib has been studied in 223 patients with gBRCAm advanced 

ovarian cancer who had received 3 or more prior lines of chemo-

therapy. Adverse reactions led to dose interruption in 40% of these 

patients, dose reduction in 4%, and discontinuation in 7%. Of 8 pa-

tients (4%) who had adverse reactions that led to death, 2 were at-

tributed to acute leukemia, and 1 to each of the following: chronic 

obstructive pulmonary disease, cerebrovascular accident, intesti-

nal perforation, pulmonary embolism, sepsis, and suture rupture.8

Adverse reactions that occurred in at least 20% of patients are 

shown in Table 2. Adverse reactions that occurred in at least 10% 

but fewer than 20% of patients were cough, constipation, dysgeu-

sia, peripheral edema, back pain, dizziness, headache, urinary tract 

infection, dyspnea, and rash. Adverse reactions that occurred in at 

least 1% but fewer than 10% of patients were leukopenia, stomati-

tis, peripheral neuropathy, pyrexia, hypomagnesemia, hyperglyce-

mia, anxiety, depression, insomnia, dysuria, urinary incontinence, 

vulvovaginal disorder, dry skin/eczema, pruritus, hypertension, ve-

nous thrombosis (including pulmonary embolism), and hot flush.8

Warnings and Precautions
Myelodysplastic Syndromes/Acute Myeloid Leukemia
In a single-arm trial of olaparib monotherapy in patients with del-

eterious or suspected deleterious gBRCAm advanced cancers, 

Table 1. Overall Response and Duration of Response (DOR) in 
Patients With gBRCAm Advanced Ovarian Cancer Who Have 
Received 3 or More Prior Lines of Chemotherapy (N = 137)8

Total

Objective Response Rate (95% CI) 34% (26%-42%)

Complete Response 2%

Partial Response 32%

Median DOR in Months (95% CI) 7.9 (5.6-9.6)

Source: Lynparza prescribing information.  

Table 2. Common Adverse Reactions (≥20%) in Patients 
Treated With Olaparib (N = 223)8

All Grades

Blood and lymphatic disorders

 Anemia 34%

Gastrointestinal disorders

 Nausea 64%

 Vomiting 43%

  Abdominal pain/discomfort 43%

 Diarrhea 31%

 Dyspepsia 25%

 Decreased appetite 22%

General disorders

 Fatigue (including asthenia)

Infections and infestations

  Nasopharyngitis/upper  
respiratory infection 26%

Musculoskeletal and connective  
tissue disorders

 Myalgia 22%

 Arthralgia/musculoskeletal pain 21%

Median exposure: 158 days. 
Source: Lynparza prescribing information.
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myelodysplastic syndromes/acute myeloid leukemia (MDS/AML) 

was confirmed in 6 of 298 patients (2%). In a separate randomized 

placebo-controlled trial, MDS/AML occurred in 3 of 136 patients 

with advanced ovarian cancer treated with olaparib (2%). Overall, 

MDS/AML was reported in 22 of 2618 patients treated with olapa-

rib (<1%). The majority of the MDS/AML cases were fatal (17 of the 

22 cases). The duration of therapy with olaparib in the patients who 

developed secondary MDS/AML varied from less than 6 months 

to more than 2 years. All of these patients had received previous 

chemotherapy with platinum agents and/or other DNA-damaging 

agents.8 

Because of the concern regarding MDS/AML, it is important to 

perform a complete blood count at baseline and monthly thereaf-

ter. Patients should not be started on olaparib therapy until after 

they have recovered from hematologic toxicity caused by previous 

chemotherapy (≤CTCAE [Common Terminology Criteria for Adverse 

Events] grade 1). For prolonged hematologic toxicities, treatment 

with olaparib should be interrupted and blood counts should be 

monitored weekly until recovery. If blood count levels do not return 

to CTCAE grade 1 or lower after 4 weeks, the patient should be re-

ferred to a hematologist for further investigation.8

Pneumonitis
Pneumonitis occurred in fewer than 1% of patients treated with 

olaparib. Some of these cases were fatal. If patients present with 

new or worsening respiratory symptoms such as cough, dyspnea, 

wheezing, or fever, or if a radiologic abnormality occurs, treatment 

with olaparib should be interrupted and prompt exploration should 

be initiated. Treatment with olaparib should be discontinued if pneu-

monitis is confirmed.8

Embryo-Fetal Toxicity
Based on the mechanism of action of olaparib and data collected from 

its use in animal studies, olaparib can cause fetal harm when admin-

istered to a pregnant woman. Olaparib was teratogenic and caused 

embryo-fetal toxicity in rats at exposures below those in patients re-

ceiving the recommended human dose of 400 mg twice daily (total 

of 800 mg). If a patient becomes pregnant while taking olaparib, the 

potential hazard to the fetus should be explained. Females who have 

reproductive potential should be advised to avoid becoming pregnant 

while taking olaparib. For those willing to use contraception, effec-

tive contraception should be used during treatment and for at least 1 

month after receiving the last dose of olaparib.8

Use in Specific Populations
Pregnancy
Olaparib is classified as a Pregnancy Category D, meaning there 

is positive evidence of human fetal risk based on adverse reaction 

data from investigational or marketing experience or studies in hu-

mans, but potential benefits may warrant use of the drug in preg-

nant  women despite potential risks, as explained in the preceding 

paragraph.8

Nursing Mothers
It is not known whether olaparib is excreted in human milk. Because 

many drugs are excreted in human milk and olaparib has the poten-

tial to cause  serious adverse reactions in nursing infants, a decision 

should be made whether to discontinue nursing or to discontinue the 

drug, taking into account the importance of the drug to the mother.8 

Pediatric Use

The safety and efficacy of olaparib was not established in the pedi-

atric population.8

Geriatric Use

A total of 20% of the 735 patients enrolled the clinical studies eval-

uating the use of olaparib (400 mg twice daily) in solid tumors were 

65 years or older. The safety profile was similar irrespective of age, 

with the exception of adverse events of CTCAE grade 3 or higher, 

which were reported more frequently in patients 65 years and older 

(53.4%) than in those younger than 65 years (43.4%). No particular 

adverse event or system organ class accounted for this observed 

difference.8

Hepatic Impairment
The effect of hepatic impairment on exposure to olaparib has not 

been evaluated. Patients with bilirubin greater than 1.5 times the 

upper limit of normal (ULN) and aspartate transaminase and alanine 

transaminase at least 2.5 times ULN (≥5 times ULN in the pres-

ence of liver metastases) were excluded from olaparib clinical tri-

als. Therefore, there are no data in patients with baseline hepatic 

impairment.8

Renal Impairment
Based on preliminary data, a 1.5-fold increase in mean exposure, 

assessed by area under the curve, was observed in patients with 

mild renal impairment (creatinine clearance [CrCl] 50-80 mL/min) 

compared with patients with normal renal function (CrCl >80 mL/

min). No dose adjustment to starting dose is required in patients 

with CrCl of 50 to 80 mL/min, but patients should be monitored 

closely for toxicity. There are no data regarding the use of olaparib in 

patients with moderate or severe renal impairment (CrCl <50 mL/

min) or in patients on dialysis.8 

Conclusions
For patients with advanced ovarian cancer who have been treated 

with 3 or more prior lines of chemotherapy, olaparib offers clinically 

significant efficacy benefits, with an acceptable tolerability profile. 

Olaparib is the first PARP inhibitor approved for treating ovarian can-

cer and is an example of how advances in the understanding of can-
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cer biology can be used to develop the new generations of targeted 

medicines. It provides a specific therapeutic option for patients with 

germline BRCA-mutated advanced ovarian cancer.
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In the United States, an estimated 21.6 new cases of mela noma 

per 100,000 individuals are diagnosed each year, resulting in 

2.7 deaths per 100,000 individuals. Approximately 1 million 

people in the United States are living with melanoma.1 Melanoma 

often results from overexposure to ultraviolet rays, which causes 

damage to skin cells and can later lead to development of cancer. 

Light-skinned individuals are at higher risk of developing melano-

ma, as are individuals with a family history of the disease.2 

In addition to chemotherapy and surgical resection, immuno-

therapies are becoming an important part of the treatment of ad-

vanced-stage melanoma. In recent years, several drugs have been 

approved that target certain mutations present in some types of 

melanoma. For instance, approximately half of melanomas contain 

BRAF mutations, which can be targeted with medication. Treat-

ment strategy and prognosis depends on the stage at diagnosis. 

For instance, in patients with early-stage melanoma, the 5-year 

survival rate is 97%, and 10-year survival is approximately 86%. 

However, in advanced disease, only 15% to 20% of patients survive 

5 years, and even fewer patients (10% to 15%) survive 10 years.2

In the United States, an estimated 58.7 new cases of lung can-

cer per 100,000 individuals are diagnosed each year, resulting in 

47.2 deaths per 100,000 individuals. More than 400,000 people in 

the United States were living with lung cancer as of 2012.3 Among 

both men and women, lung cancer is the leading cause of can-

cer deaths. The American Cancer Society expects that more than 

150,000 patients will die of lung cancer in 2015 alone.4

One major risk factor for developing lung cancer is smoking. 

Smoking is thought to be responsible for more than 80% of lung 

cancer deaths. Even exposure to secondhand smoke increases the 

lifetime risk of developing lung cancer. In addition, certain carcin-

ogens in the environment, including radon, heavy metals, diesel 

exhaust, and air pollution, can increase the risk. Patients at high 

risk for developing lung cancer may benefit from early detection by 

screening with low-dose computed tomography scanning.4

According to the American Cancer Society, there are 3 main 

types of lung cancer: non-small cell lung cancer, small-cell lung 

cancer, and lung carcinoid tumors. Of these, non-small cell lung 

cancer accounts for the majority (approximately 85%) of lung can-

cer diagnoses.4

If lung cancer is detected early enough, it can in some cases 

be removed surgically. However, in later-stage disease, treatment 

may involve chemotherapy, radiation, and sometimes targeted 

therapy. Targeted therapies against EGFR mutations in lung can-

cer are currently available. Treatments are also available to target 

 other mutations, including ALK and ROS1, although these muta-

tions are less common. Recently, immunotherapies have become 

an option for patients with advanced lung cancer. These treat-

ments help boost the body’s immune response to tumors to help 

destroy cancer cells.5

Opdivo for Melanoma and Non-Small Cell Lung 
Cancer
On December 22, 2014, the FDA granted Bristol-Myers Squibb ac-

celerated approval of Opdivo (nivolumab) injection, a treatment in-

dicated for management of unresectable or metastatic melanoma. 

Although Opdivo is indicated for use in melanoma, the indication 

is limited to patients who have previously received treatment with 

ipilimumab and, for patients whose melanoma has the BRAF V600 

mutation, as a BRAF inhibitor. On March 4, 2015, the FDA  added 

another indication for Opdivo: for the treatment of metastatic 

squamous non-small cell lung cancer with progression on or after 

platinum-based chemotherapy.6-9

Because of early results showing improved tumor response 

rates and more durable responses in patients treated with Opdivo, 

the FDA granted these indications under an accelerated appro val 

program. Consequently, Opdivo will continue to be available as 

long as results from ongoing clinical trials are favorable.6

Mechanism of Action
Mechanistically, Opdivo is an antibody that blocks the programmed 

death 1 (PD-1) receptor. By binding to the PD-1 receptor, Opdivo 

blocks the interaction between PD-1 and 2 types of correspond-

ing ligands: programmed death ligand 1 (PD-L1) and programmed 

death ligand 2 (PD-L2). This interaction normally acts to protect 

tumor cells from immune response. By blocking this interaction, 

Opdivo may help the immune system induce an immune response 

against tumor cells.6 

Pharmacology and Pharmacokinetics
The geometric mean pharmacokinetic data with Opdivo include a 

clearance of 9.5 mL/h, a volume of distribution at steady state of 

8.0 L, and a half-life of 26.7 days. Steady-state concentrations are 

generally reached within 12 weeks of treatment.6

In an analysis of clearance among patients with estimated 

glomerular filtration rates as low as 15 mL/min, no clinically im-

portant differences in clearance were observed. As a result, dose 

adjustment for patents with renal impairment or mild hepatic im-

pairment is not necessary. However, Opdivo has not been studied 

in patients with moderate to severe hepatic impairment.6

Dosage and Administration
Opdivo is administered intravenously over 1 hour at a dose of 3 

Opdivo Receives Approval for 2 Advanced Cancers: Melanoma and Lung
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mg/kg of body weight every 2 weeks. Treatment is available as a 

solution in 4- and 10-mL vials containing Opdivo at a concentration 

of 10 mg/mL. Inactive ingredients include mannitol, pentetic acid, 

polysorbate 80, sodium chloride, and sodium citrate dihydrate.6

Vials of Opdivo may be colorless to pale yellow in color; they 

should not be discolored or cloudy. However, a small amount of 

white or translucent proteinaceous material may be suspended in 

the solution.6

Opdivo should be prepared for intravenous use with a diluent of 

either isotonic sodium chloride or 5% dextrose in water. The final 

concentration of the infusion solution should always be between 

1 mg/mL and 10 mg/mL. Vials and diluted solutions of Opdivo 

should not be shaken. Mixing should be carried out through gentle 

inversion. Because the product does not contain a preservative, 

once the infusion solution has been prepared, vials should be dis-

carded.6

Prepared intravenous solutions of Opdivo can be kept at room 

temperature for up to 4 hours, including the 1-hour administration 

time. However, if the prepared solution is refrigerated (36°F-46°F), 

the time between preparation and the end of administration can 

be extended to 24 hours. During administration of the prepared 

Opdivo intravenous solution, a sterile, nonpyrogenic, low protein 

binding in-line filter with a pore size ranging from 0.2 to 1.2 mi-

crometers must be used. It is important to note that Opdivo should 

not be infused with any other product and that the infusion line 

should be flushed after administration.6

Clinical Studies 
Melanoma
In a clinical study of patients with unresectable or metastatic mel-

anoma, 120 patients were randomized in a 2:1 ratio to receive 

Opdivo or chemotherapy. Chemotherapy treatment consisted of 

dacarbazine or carboplatin plus paclitaxel.6,9

All patients enrolled in the trial had experienced disease pro-

gression after receiving ipilimumab. Additionally, all patients eli-

gible for treatment with a BRAF inhibitor had to have received 

treatment with a BRAF inhibitor before receiving Opdivo. Any pa-

tients with autoimmune disease, diseases requiring treatment with 

immunosuppressant medications, ocular melanoma, active brain 

metastases, or certain severe adverse reactions with ipilimumab 

treatment were excluded from the trial.6,9

Of patients receiving Opdivo, 32% experienced a response to 

therapy, with 89% of responses being partial responses and the 

remaining 11% being complete responses.6,9 

Metastatic Squamous Non-Small Cell Lung Cancer
In another clinical trial of Opdivo, 272 patients with metastatic 

squamous non-small cell lung cancer were enrolled. All patients 

had experienced progression after treatment with platinum-based 

doublet chemotherapy. In the trial, patients received either  Opdivo 

or docetaxel. Patients were excluded if they had autoimmune 

disease, interstitial lung disease, or untreated brain metastases. 

Responses, all of which were partial responses, occurred in 15% 

of patients who received Opdivo. Median overall survival was sig-

nificantly greater (P = .00025) in patients receiving Opdivo versus 

patients receiving docetaxel (Figure 1).6,10

Pregnancy and Lactation
Use of Opdivo is not recommended in pregnant women. Even af-

ter discontinuing Opdivo treatment, it is important for women to 

receive at least 5 months of effective contraceptive treatment.6

The active ingredient in Opdivo, nivolumab, is a form of immu-

noglobulin G4, which is a class of molecules known to cross the 

placenta during pregnancy. In pregnant women, the PD-1/PD-L1 

pathway may be important in preventing the mother’s immune sys-

tem from rejecting the fetus. Scientists propose that interference 

with the PD-1/PD-L1 pathway may lead to an increased risk of 

spontaneous abortion, which has been observed in both pregnant 

mice and pregnant monkeys exposed to nivolumab.6

It is not known whether Opdivo is excreted in human breastmilk, 

so women should discontinue breastfeeding while taking Opdivo.6

Warnings and Precautions
Because Opdivo can cause immune-mediated adverse reactions, 

patients receiving Opdivo infusions may be premedicated with cor-

ticosteroids and antihistamines. Immune-mediated colitis, hepa-

titis, pneumonitis, and nephritis have been observed in patients 

taking Opdivo. Depending on the severity of these immune-medi-

ated reactions, patients may need to temporarily or permanently 

discontinue treatment.6

Pneumonitis
Immune-mediated pneumonitis, including severe cases, may occur in 

patients receiving Opdivo. Pneumonitis and interstitial lung disease 

occurred in 3.4% of patients using Opdivo in clinical trials. When 

these cases occurred, the median time to onset of symptoms was 

20

Docetaxel

Opdivo

Months of Overall Survival

Median and 95% CI of Overall Survival 
in Patients With Advanced NSCLC

4 6 8 10 12 14

Figure 1. Overall Survival in Advanced Non-Small Cell Lung 
Cancer6

NSCLC indicates non-small cell lung cancer. 
Source: Opdivo prescribing information. 
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3.3 months. Patients taking Opdivo should be monitored for signs and 

symptoms of pneumonitis.6

Colitis
In clinical trials, immune-mediated colitis occurred in 2.2% of pa-

tients receiving Opdivo. These cases occurred within a median 

of 2.5 months of initiating therapy. Patients who experience im-

mune-mediated colitis of grade 2 or 3 should stop using Opdivo 

temporarily, but cases of grade 4 immune-mediated colitis neces-

sitate permanent discontinuation. Immune-mediated hepatitis oc-

curred in 1.1% of patients receiving Opdivo in clinical trials.6

Hepatitis
Patients should be monitored for liver function levels before initi-

ating treatment and periodically during therapy. Elevations in liver 

enzyme levels of grade 2 or greater may be treated with corticoste-

roids. Grade 2 hepatitis necessitates withholding treatment, but 

immune-mediated hepatitis of grade 3 or 4 necessitates perma-

nent discontinuation of therapy.6

Renal Dysfunction
In trials, immune-mediated renal dysfunction has been reported 

in 0.9% of patients. Patients should be monitored for elevations 

in serum creatinine throughout treatment. Grade 2 and 3 renal 

adverse events (AEs) necessitate interruption of treatment, with 

possible reinitiation later if AEs abate with corticosteroid therapy. 

However, life-threatening (grade 4) renal AEs require permanent 

discontinuation.6

Thyroid Function Abnormalities
Hypothyroidism and hyperthyroidism resulting from treatment 

with Opdivo have both been reported. Of these 2 AEs, hypothy-

roidism is more common, occurring in approximately 3% to 8% of 

patients. Hypothyroidism is typically managed with levothyroxine. 

Hyperthyroidism is less common, occurring in approximately 1.7% 

of patients. Treatment may include corticosteroids to reduce the 

immune-mediated response and/or methimazole to reduce thy-

roid hormone overproduction.6

Other Immune-Mediated AEs 
Other immune-mediated adverse reactions have been reported 

in patients taking Opdivo. These include adrenal insufficiency, 

pancreatitis, nerve paresis, demyelination, motor dysfunction, 

vasculitis, myasthenia, hypopituitarism, Guillain-Barré syndrome, 

and neuropathy. Management of immune-mediated AEs generally 

includes temporary discontinuation of therapy, use of high-dose 

corticosteroids followed by a 1-month taper, and possible reini-

tiation of Opdivo if AEs improve to a severity level of grade 1 or 

lower.6

Table 2. Adverse Events in ≥10% (All Grades) of Patients 
With Advanced Non-Small Cell Lung Cancer6

All Grades Grades 3 to 4

Fatigue 50% 7%

Asthenia 19% 1.7%

Edemaa 17% 1.7%

Pyrexia 17% 0%

Chest painb 13% 0%

Pain 10% 2.6%

Dyspnea 38% 9%

Cough 32% 1.7%

Musculoskeletal painc 36% 6%

Arthralgiad 13% 0%

Decreased appetite 35% 2.6%

Nausea 29% 1.7%

Constipation 24% 0%

Vomiting 19% 0.9%

Diarrhea 18% 2.6%

Abdominal paine 16% 1.7%

Rashf 16% 0.9%

Pruritus 11% 0.9%

Decreased weight 13% 0.9%

Pneumoniag 10% 5%

aIncludes face edema, peripheral edema, local swelling, localized edema, 
lymphedema.
bIncludes chest discomfort and noncardiac chest pain.
cIncludes back pain, bone pain, musculoskeletal chest pain, myalgia, 
neck pain, pain in extremity, spinal pain.
dIncludes arthritis and osteoarthritis.
eIncludes abdominal pain lower, abdominal pain upper, gastrointestinal 
pain.
fIncludes maculopapular rash, rash erythematous, erythema, dermatitis, 
dermatitis exfoliative, and dermatitis acneiform.
gIncludes lung infection and pneumonia aspiration.
Source: Opdivo prescribing information.

Table 1. Adverse Events in Patients With Melanoma 
Occurring in ≥10% (All Grades) of Opdivo-Treated Patients 
and at a Higher Incidence Than in the Chemotherapy Arm6

All Grades Grades 3 
to 4

Rasha 21% 0.4%

Pruritus 19% 0%

Cough 17% 0%

Upper respiratory tract infectionb 11% 0%

Peripheral edema 10% 0%

aIncludes maculopapular rash, rash erythematous, rash pruritic, rash 
follicular, rash macular, rash papular, rash pustular, rash vesicular, and 
dermatitis acneiform.
bIncludes rhinitis, pharyngitis, and nasopharyngitis. 
Source: Opdivo prescribing information.
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Common AEs
The most common adverse reaction in patients taking Opdivo for 

melanoma is rash, which occurs in more than 20% of patients us-

ing treatment (Table 1). However, in other disease states, such 

as advanced squamous non-small cell lung cancer, common 

side effects may include fatigue, dyspnea, musculoskeletal pain, 

decreased appetite, cough, nausea, and constipation, with each 

of these AEs occurring in at least 20% of users (Table 2). For a 

complete discussion of potential drug interactions and AEs with 

 Opdivo, the prescribing information should be consulted.6

Guidelines: Melanoma
As of January 2015, National Comprehensive Cancer Network 

(NCCN) treatment guidelines for melanoma list nivolumab as a 

preferred regimen for systemic therapy of patients with advanced, 

metastatic, or unresectable melanoma. Nivolumab is also listed as 

an option for retreatment of melanoma after initial failure, provi-

ded patients have an Eastern Cooperative Oncology Group (ECOG) 

performance status of 0, 1, or 2. Importantly, the NCCN rates both 

the efficacy and AE profile associated with nivolumab as better 

than the efficacy and AE profile associated with ipilimumab.11 

Guidelines: Non-Small Cell Lung Cancer
In patients with squamous cell non-small cell lung cancer, the lat-

est treatment guidelines from the NCCN list nivolumab as a treat-

ment option; other options are docetaxel, erlotinib, gemcitabine, or 

ramucirumab plus docetaxel. However, under the guidelines, treat-

ment is only recommended as an option in patients with ECOG 0, 

1, or 2 performance status who have undergone previous treat-

ment with doublet chemotherapy. Guidelines also mention that the 

phase 3 trial of nivolumab, CheckMate-017, is not yet complete.12

Conclusions
Nivolumab is a monoclonal antibody treatment for both non-small 

cell lung cancer and advanced melanoma. Because nivolumab 

interrupts a receptor-ligand interaction that regulates immun-

ity, its use is associated with autoimmune reactions, including 

immune-mediated colitis, hepatitis, pneumonitis, and nephritis. 

Management of these AEs involves treatment with corticosteroids 

and may require temporary or permanent discontinuation of treat-

ment, depending on the severity of the adverse reaction. 

Nivolumab offers an important treatment option for patients in 

the late stages of non-small cell lung cancer and in patients with 

advanced melanoma.
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Parkinson’s disease (PD) is an age-related, chronic, and pro-

gressive motor system disorder characterized by 4 cardinal 

symptoms: tremor (trembling in the upper and lower ex-

tremities and face), rigidity (stiffness of limbs and trunk), brady-

kinesia (slowness of movement), and postural instability.1 Patients 

with PD experience increasing severity of symptoms as the disease 

progresses, and PD is often associated with significant non-mo-

tor symptoms such as autonomic dysfunction, cognitive changes, 

 depression, psychosis, and sensory symptoms.2,3 

Although the specific etiology of PD remains unknown, studies 

suggest that both environmental and genetic factors contribute to 

its development. The degeneration of dopaminergic neurons in the 

substantia nigra pars compacta, coupled with intracytoplasmic in-

clusions (called Lewy bodies), are key pathologic features of the 

disease. As such, current pharmacologic strategies for ameliorating 

symptoms revolve around dopamine replacement.4 

As the second-most common neurodegenerative disorder in the 

United States, PD is believed to affect about 1 million people in the 

country, with about 50,000 to 60,000 new cases diagnosed annu-

ally.2,5 PD predominantly affects people older than 60 years, although 

it is sometimes diagnosed in younger patients.1 The prevalence of PD 

is expected to increase substantially over the next few decades as a 

result of growth in elderly population segments.2 Studies indicate that 

the economic burden in the United States is approaching $23 billion 

annually, including both direct and indirect costs.3

Currently there is no cure for PD, but a variety of pharmacologic 

and non-pharmacologic treatment options can provide substantial 

symptomatic relief.1 Although levodopa remains the most effective 

pharmacologic agent for the treatment of PD, its effects do not last 

indefinitely. After 5 years of levodopa use, approximately 40% of pa-

tients develop persistent neuromuscular symptoms (eg, motor fluctu-

ations and dyskinesia) and experience a less pronounced effect from 

the treatment. Additional treatment options that can be used in early 

PD and/or adjunctively in advanced disease are dopamine agonists, 

monoamine oxidase-B (MAO-B) inhibitors, amantadine, anticholiner-

gics, and catechol O-methyltransferase (COMT) inhibitors. Non-phar-

macologic treatment strategies include physical and speech therapy, 

as well as invasive surgical approaches such as deep brain stimulation 

of the subthalamic nucleus.6

A New Treatment Option for Parkinson’s Disease 
In January 2015, the FDA granted approval to Impax for Rytary 

(carbidopa and levodopa extended-release capsules) for the treat-

ment of PD, postencephalitic parkinsonism, and parkinsonism 

that may follow carbon monoxide intoxication and/or manganese 

intoxication. This carbidopa/levodopa combination contains both 

immediate-release (IR) and extended-release beads in a 1:4 ra-

tio and is designed to provide both initial and extended levodopa 

 plasma concentrations following a single dose.7

Rytary is a novel formulation of carbidopa/levodopa with a phar-

macokinetic profile that may offer an advantage over existing IR and 

controlled-release (CR) preparations because it is designed to pro-

long the therapeutic effect of a single dose. Studies have shown 

that Rytary achieves peak dose about as quickly as IR formulations 

(vs CR formulations), but remains at 50% or more of peak level for a 

longer duration.8

Dosing and Administration
Rytary is available in the following extended-release capsule 

strengths (carbidopa/levodopa): 23.75 mg/95 mg, 36.25 mg/145 

mg, 48.75 mg/195 mg, and 61.25 mg/245 mg. Capsules should 

be swallowed whole, with or without food. For patients with dif-

ficulty swallowing, the contents may be sprinkled on applesauce 

and consumed immediately. The recommended starting dose for 

levodopa-naïve patients is 23.75 mg/95 mg by mouth 3 times 

daily for the first 3 days. On the fourth day, the dose may be in-

creased to 36.25 mg/145 mg 3 times daily and can continue to 

be increased to a maximum recommended dose of 97.5 mg/390 

mg 3 times daily. If more frequent dosing is needed and tolerated, 

the dosing frequency may be increased from 3 times to up to 5 

times daily. Total daily dosage should not exceed 612.5 mg/2450 

mg. Patients should be maintained on the lowest dose required to 

achieve symptom control and minimize adverse reactions.9

The dosages of other carbidopa/levodopa products are not in-

terchangeable with the dosages of Rytary. When converting from 

IR to Rytary, the dose should be adjusted to achieve adequate 

symptom control with minimal adverse events (Table 1). The fre-

quency can be increased from 3 times daily to up to 5 times daily, 

to a maximum daily dose of 612.5 mg/2450 mg. 9

Mechanisms of Action 
Levodopa
Levodopa is the metabolic precursor of dopamine that crosses the 

blood-brain barrier and is believed to be converted to dopamine in 

the brain. Dopamine replacement within the brain is believed to re-

lieve symptoms associated with PD. Patients treated with levodopa 

may develop motor fluctuations characterized by end-of-dose fail-

ure, peak dose dyskinesia, “on-off” phenomenon, and akinesia.9

Carbidopa
Carbidopa inhibits the enzyme decarboxylase in extracerebral tis-

sues, thereby reducing decarboxylation of peripheral levo dopa. 

Rytary Approved for Parkinson’s Disease
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This enables a greater amount of levodopa to be available for deliv-

ery to the brain. The addition of carbidopa to levodopa also reduc-

es peripheral effects (eg, nausea) caused by the decarboxylation 

of levodopa but does not decrease the incidence or severity of 

adverse reactions caused by the central effects of levodopa.9

Clinical Studies
Clinical Study in Patients With Early Parkinson’s Disease 

A randomized, double-blind, placebo-controlled, fixed-dose, par-

allel-group, 30-week trial enrolled 381 patients with Hoehn and 

Yahr Stage I-III PD. Patients had a median disease duration of 1 

year and had limited or no prior exposure to levodopa and dopa-

mine agonists. Patients were allowed to continue taking certain 

concomitant medications for PD (eg, MAO-B inhibitors, amanta-

dine, and anticholinergics) if the doses were stable for at least 

4 weeks before screening. Patients were randomized to 1 of 4 

treatment arms: placebo, Rytary 36.25 mg/145 mg, Rytary 61.25 

mg/245 mg, or Rytary 97.5 mg/390 mg, with each dose taken 3 

times daily. Patients were started on a low dose of Rytary (23.75 

mg/95 mg 3 times daily) and titrated to their maximum study dose 

by day 22. Supplemental levodopa or COMT inhibitors were pro-

hibited. The primary efficacy end point was the mean change from 

baseline to week 30 (or early termination) in the sum of the Unified 

Parkinson’s Disease Rating Scale (UPDRS) Part II (activities of daily 

living) score, and the UPDRS Part III (motor) score, where a de-

crease in score suggests improvement from baseline. All 3 dosage 

groups of Rytary demonstrated significantly greater reduction in 

scores than placebo (Table 2).9  

Clinical Study in Patients With Advanced Parkinson’s Disease 
A randomized, double-blind, active-controlled, multicenter, dou-

ble-dummy, parallel-group, 22-week trial enrolled 471 (393 ran-

domized) patients with Hoehn and Yahr Stage I-IV PD. Enrolled 

patients had been maintained on a stable regimen of at least 400 

mg levodopa per day before study entry and underwent a 3-week 

dose adjustment of current levodopa treatment, followed by a 

6-week conversion to Rytary, followed by a 13-week randomized, 

double-blind treatment phase. The active control was IR carbi-

dopa/levodopa. Patients were allowed to continue taking certain 

concomitant medications for PD (eg, MAO-B inhibitors, amanta-

dine, and anticholinergics) if the dosages were stable for at least 

4 weeks before screening. Patients were randomized to 1 of 2 

treatment arms: Rytary or IR carbidopa/levodopa (at the dosage 

determined during the adjustment or conversion phases). Supple-

mental carbidopa/levodopa or COMT inhibitors were prohibited.

The primary efficacy end point was the percentage of “off” time 

Table 1. Conversion From Immediate-Release Carbidopa/Levodopa to Rytary9

Total Daily Dose of Levodopa in IR Carbidopa/
Levodopa

Recommended Starting Dose of Rytary

Total Daily Dose of  
Levodopa in Rytary Rytary Dosing Regimen

400 mg to 549 mg 855 mg 3 capsules Rytary 23.75 mg/95 mg, 3× daily

550 mg to 749 mg 1140 mg 4 capsules Rytary 23.75 mg/95 mg, 3× daily

750 mg to 949 mg 1305 mg 3 capsules Rytary 36.25 mg/145 mg, 3× daily

950 mg to 1249 mg 1755 mg 3 capsules Rytary 48.75 mg/195 mg, 3× daily

≥1250 mg 2340 mg or
2205 mg

4 capsules Rytary 48.75 mg/195 mg, 3× daily, or 
3 capsules Rytary 61.25 mg/245 mg, 3× daily

IR indicates immediate release. 
Source: Rytary prescribing information.

Table 2. Change From Baseline to Week 30 (or Early Termination) in UPDRS Part II Plus UPDRS Part III Scores in Patients 
With Early Parkinson’s Disease (N = 361)9

Treatment Baseline
Mean UPDRS (part II plus part III) Scorea

Week 30 Change From Baseline at Week 30

Placebo 36.5 35.9 ‒0.6

Rytary 36.25 mg/145 mg 3× daily 36.1 24.4 ‒11.7 (P <.05)

Rytary 61.25 mg/245 mg 3× daily 38.2 25.3 ‒12.9 (P <.05)

Rytary 97.5 mg/390 mg 3× daily 36.3 21.4 ‒14.9 (P <.05)

UPDRS indicates Unified Parkinson’s Disease Rating Scale.
aLower UPDRS scores indicate greater symptom improvement.
Source: Rytary prescribing information.
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during waking hours at week 22 (or early termination), as assessed 

by the patient’s Parkinson’s Disease Diary. Compared with the ac-

tive control group, patients treated with Rytary experienced signifi-

cantly decreased “off” time, with a concomitant increase in “on” 

time without troublesome dyskinesia (Table 3).9

Adverse Reactions
A total of 978 patients with PD comprised the safety population, 

defined as subjects who received at least 1 dose of Rytary. The 

average duration of exposure was 40 weeks. The most common 

adverse reactions in patients with early PD are shown in Table 4, 

and in advanced PD in Table 5.9

Warnings and Precautions 
Contraindications
Rytary is contraindicated in patients who are currently taking or 

have recently taken (ie, within 2 weeks) a nonselective MAO in-

hibitor. Hypertension can occur if the 2 are used concomitantly.9

Falling Asleep During Activities of Daily Living and Somnolence
Patients taking levodopa have reported falling asleep during ac-

tivities of daily living, such as driving. Many of them reported ex-

periencing somnolence, but others perceived no warning signs 

(such as sleep attack or excessive drowsiness) before the event. In 

some cases, the events occurred more than 1 year after the start 

of treatment. Prescribers should reassess patients for sleepiness 

throughout treatment and should acknowledge the fact that pa-

tients may not report sleepiness until directly questioned. Patients 

should be advised of the potential for sleepiness and should be 

asked specifically about concomitant sedating medications and 

the presence of sleep disorders. Discontinuing Rytary in patients 

with significant daytime sleepiness or evidence of falling asleep 

during activities of daily living should be considered; however, 

there is insufficient evidence that dose reduction is helpful in elim-

inating episodes of falling asleep.9

Withdrawal-Emergent Hyperpyrexia and Confusion
Patients taking Rytary who underwent rapid reduction in, with drawal 

of, or changes in dopaminergic therapy have reported symptoms re-

sembling neuroleptic malignant syndrome (characterized by elevat-

ed temperature, muscular rigidity, altered consciousness, and auto-

nomic instability). Sudden discontinuation or rapid dose reduction 

should be avoided; the dose should be tapered to reduce the risk of 

hyperpyrexia and confusion.9

Cardiovascular Ischemic Events
Cardiovascular ischemic events have been reported in patients 

treated with Rytary in both placebo-controlled and active-con-

trolled clinical trials. These patients had a previous history of, or 

known risk factors for, ischemic heart disease. In patients with 

a history of myocardial infarction, during initial dose adjustment, 

cardiac function should be monitored in an intensive cardiac care 

facility.9 

Hallucinations/Psychosis
Rytary increases the risk for hallucinations and psychosis. Halluci-

nations, which may be accompanied by confusion, insomnia, and 

excessive dreaming, present shortly after initiation of treatment 

Table 3. Parkinson’s Disease Diary Measures (From 
Baseline to Week 22) in Patients With Advanced 
Parkinson’s Disease9

Baseline
Week 22 
(or Early 

Termination)

Percentage of Waking Hours Spent 
in “Off” Time
Rytary
IR Carbidopa/Levodopa

36.9%
36.0%

23.8%a

29.8%

“Off” Time 
Rytary
IR Carbidopa/Levodopa

6.1 hours
5.9 hours

3.9 hoursa

4.9 hours

“On” Time With No or Non-
Troublesome Dyskinesia
Rytary
IR Carbidopa/Levodopa

10.0 hours
10.1 hours

11.8 hoursa

10.9 hours

IR indicates immediate release.
aP <.05.
Source: Rytary prescribing information.

Table 4. Adverse Reactionsa in Patients With Early 
Parkinson’s Disease9

Rytary 
36.25 mg/ 

145 mg 
3× daily
(N = 87)

%

Rytary 
61.25 mg/ 

245 mg 
3× daily

(N = 104)
%

Rytary  
97.5 mg/ 
390 mg 
3× daily
(N = 98)

%

Placebo
(N = 92)

%

Nausea 14 19 20 9

Dizziness 9 19 12 5

Headache 7 13 17 11

Dry mouth 3 2 7 1

Abnormal 
dreams 2 6 5 0

Anxiety 2 3 5 0

Constipation 2 6 2 1

Dyskinesia 2 4 5 0

Insomnia 2 9 6 3

Vomiting 2 2 5 3

Orthostatic 
hypotension 1 1 5 1

aOccurring in at least 5% of patients and more frequently than in place-
bo.
Source: Rytary prescribing information.
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and may improve upon dose reduction. Other symptoms may in-

clude abnormal thinking and behavior, paranoid ideation, delu-

sions, psychotic-like behavior, disorientation, aggressive behavior, 

agitation, and delirium. Patients with a major psychotic disorder 

should not take Rytary.9 

Impulse Control/Compulsive Behaviors
There have been case reports of intense urges and impulsivity in 

patients taking medications such as Rytary that increase central 

dopaminergic activity. Patients may experience intense urges to 

gamble, engage in sexual activity, spend money, and/or binge eat, 

with the inability to control these urges. In some cases, dose re-

duction was effective in reducing these urges. Prescribers should 

specifically ask patients and caregivers about the emergence of 

new or increased impulsive behavior. Consider dose reduction or 

discontinuation if necessary.9

Dyskinesia, Peptic Ulcer Disease, Glaucoma
Rytary may cause dyskinesias; subsequently, dose reduction may 

be required. An increased potential for upper gastrointestinal hem-

orrhage is possible in patients with a history of peptic ulcer. In-

creased intraocular pressure may result from use of Rytary. Intra-

ocular pressure should be monitored in patients with glaucoma.9

Melanoma
Epidemiologic studies show PD patients have a risk of develop-

ing melanoma 2- to 6-fold higher than the general population. It is 

unclear whether the increased risk is the result of PD or of other 

factors (such as medications used to treat PD). Periodic skin exam-

inations should be performed to monitor for melanoma.9

Drug-Drug Interactions
Concurrent use of Rytary and nonselective MAO inhibitors is con-

traindicated. Nonselective MAO inhibitors must be discontinued at 

least 2 weeks before starting Rytary. Concurrent use of selective 

MAO-B inhibitors may be associated with orthostatic hypotension. 

Patients should be monitored accordingly. Dopamine D2 receptor 

antagonists and isoniazid may reduce the effectiveness of levo-

dopa. Patients should be monitored for worsening of Parkinson’s 

symptoms. Iron salts or multivitamins containing iron can form 

chelates with Rytary, resulting in diminished bioavailability. If iron 

salts are used concomitantly with Rytary, patients should be mon-

itored for worsening Parkinson’s symptoms.9

Use in Specific Populations  
Pregnancy and Lactation
Rytary is a Pregnancy Category C medication. There have been no 

adequate and well-controlled studies in pregnant women. In ani-

mal studies, carbidopa/levodopa has been shown to be develop-

mentally toxic and teratogenic, and individual cases have indicated 

that levodopa crosses the human placental barrier and enters the 

fetus. Rytary should be used during pregnancy only if the potential 

benefit outweighs the potential risk to the fetus. Carbidopa is ex-

creted in rat milk, and in 1 reported case, a human mother excre-

ted levodopa into breast milk. Caution should be used when Rytary 

is administered to nursing women.9

Conclusions
PD is a chronic, progressive medical condition with considerable 

clinical and economic burden. Although a variety of treatments 

exist, the approval of Rytary offers patients a novel formulation 

of levodopa/carbidopa that may be beneficial for those who have 

not achieved adequate relief of symptoms with other preparations.
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Table 5. Adverse Reactions in Patients With Advanced 
Parkinson’s Disease9

Rytary 
(N = 201)

IR Carbidopa/Levodopa
(N = 192)

Period
Dose 

Conversiona

%

Maintenance
%

Dose 
Conversiona

%

Maintenance
%

Nausea 4 3 6 2

Headache 5 1 3 2

IR indicates immediate release.
aAll patients were converted to Rytary in the open-label dose conversion 
period and then received randomized treatment during maintenance. 
Source: Rytary prescribing information.
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Atrial fibrillation is a condition of an irregular heart rhythm 

that is often associated with erratic and unsynchronized 

contractions of the atria and ventricles of the heart. Due to 

these asynchronous contractions, blood may pool in the chambers 

of the heart, forming clots, which may then travel to the brain and 

cause a stroke. As a result, atrial fibrillation increases the risk of 

stroke. It is very common in older patients. Approximately 9% of peo-

ple over the age of 80 years have atrial fibrillation. Treatment may 

include rate and rhythm control strategies to normalize heart rhythm 

and anticoagulant therapy to reduce the risk of stroke.1

Venous thromboembolism (VTE), which includes events such as 

deep venous thrombosis (DVT) and pulmonary embolism (PE), may 

occur in up to 20% of all hospitalized patients, and up to 80% of 

patients in critical care units and those undergoing surgical proce-

dures. Fatal PE occurs as a consequence of surgery or hospitaliza-

tion in up to 5% of patients at high risk for VTE events. Preventing 

these events is typically accomplished through pharmacologic 

treatment with anticoagulant drugs and compression stockings. 

Patients must be approached based on the risk of developing VTE 

events, and the type, duration, and intensity of anticoagulant ther-

apy should be adjusted based on each patient’s risk factors and 

medical situation.2

About Savaysa
On January 8, 2015, the FDA approved Savaysa (edoxaban) tab-

lets by Daiichi Sankyo for the prevention of stroke and systemic 

embolism in patients with nonvalvular atrial fibrillation (NVAF).  

On the same day, the FDA also approved Savaysa for the treat-

ment of DVT and PE following 5 to 10 days of initial therapy with 

a parenteral anticoagulant.3,4

Use of Savaysa is contraindicated in patients with active, patho-

logical bleeding, and the medication carries black box warnings 

for reduced efficacy in patients with a creatinine clearance grea-

ter than 95 mL/min, an increased risk of ischemic events with 

premature discontinuation, and spinal or epidural hematomas.4

Tablets contain the active ingredient of edoxaban tosylate 

monohydrate, with inactive excipients of mannitol, pregelatinized 

starch, crospovidone, hydroxypropyl cellulose, magnesium stea-

rate, talc, and carnauba wax. Additionally, color coatings may 

contain hypromellose, titanium dioxide, talc, polyethylene glycol 

8000, iron oxide yellow, or iron oxide red.4

Mechanism of Action
The active ingredient in Savaysa, edoxaban, selectively inhibits 

factor Xa. Savaysa does not require antithrombin III to exert an-

tithrombotic effects. By inhibiting free factor Xa, Savaysa inhibits 

prothrombinase activity, which ultimately prevents formation of 

thrombin and thrombin-induced platelet aggregation. In this way, 

Savaysa reduces the risk of thrombus formation.4

Dosage and Administration

Savaysa tablets are supplied in 3 strengths: 60 mg, 30 mg, and 15 

mg. Tablets differ in color and the debossed pattern on the tablet, 

depending on the dose. For instance, the 60-mg tablets of  Savaysa 

are yellow, and debossed with DSC L60 on 1 side; the 30-mg tab-

lets of Savaysa are pink, and debossed with DSC L30 on 1 side; 

and tablets of the lowest dosage of Savaysa (15-mg tablets) are or-

ange, and debossed with DSC L15 on 1 side. Tablets are packaged 

in bottles or blister packs. In general, tablets should be stored at 

room temperature between 68°F and 77°F, although excursions 

to temperatures as low as 59°F and as high as 86°F will not affect 

product stability.4

Patients taking Savaysa can take the medication without regard 

to food. If a dose is missed, patients should take the next dose as 

soon as possible. However, if a full day passes before the dose can 

be taken, dosing should continue the next day and patients should 

not take a double dose to make up for the previous day’s missed 

dose.4

Patients with NVAF should be assessed for creatinine clearance 

levels (using the Cockcroft-Gault equation) before receiving treat-

ment with Savaysa. In patients with a creatinine clearance level 

greater than 50 mL/min and less than or equal to 95 mL/min, 

a dose of 60 mg daily is indicated for the management of NVAF. 

However, in patients with NVAF who have impaired renal function 

(ie, a creatinine clearance of 15-50 mL/min), the daily dose should 

be reduced by half to 30 mg daily.4

Similarly, in patients given Savaysa for DVT or PE after receiv-

ing a parenteral anticoagulant, the recommended dose is 60 mg 

once daily, unless the patient’s creatinine clearance is 15 to 50 

mL/min, the patient’s body weight is less than or equal to 60 kg, 

or the patient is using certain P-glycoprotein (P-gp) inhibitors. In 

these patients, the recommended dose is 30 mg once daily. When 

transitioning from another anticoagulant to Savaysa, certain rec-

ommendations should be followed (Table).4

Pharmacology and Pharmacokinetics
Patients taking Savaysa may have prolonged clotting times, includ-

ing prothrombin time and activated partial thromboplastin time; 

however, changes in these clotting measures are highly variable 

between patients and are not clinically useful in monitoring an-

Savaysa Approved for Atrial Fibrillation and Venous 
Thromboembolism
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ticoagulant efficacy. As a result, routine monitoring of blood co-

agulation measures is not recommended. After taking a dose of 

 Savaysa, peak anticoagulant effects of the medication can be ex-

pected within 1 to 2 hours of administration concurrent with the 

maximum serum concentration of edoxaban in the blood.4 

The absolute bioavailability of Savaysa is 62%, the volume of dis-

tribution at steady state is approximately 107 liters, and the plas-

ma protein binding is 55% based on in vitro measures. The terminal 

half-life of edoxaban is 10 to 14 hours, and steady-state levels are 

reached within 3 days of regular dosing.4

The predominant form of Savaysa in the serum is the unchanged 

form of the active ingredient, edoxaban. Minimal hydrolytic me-

tabolism via carboxylesterase may occur, in addition to conjuga-

tion, and cytochrome P450 3A4-mediated oxidation. The primary 

metabolite, M-4, is formed through hydrolysis, and it is an active 

metabolite but exerts less than 10% of the anticoagulant effect of 

the parent drug.4

In patients with mild to moderate hepatic impairment (ie, Child-

Pugh class A or B), the pharmacokinetics and pharmacodynamics 

of Savaysa are similar to those observed in a healthy control group. 

In patients with renal impairment, exposure to Savaysa was in-

creased as a result of renal elimination being the primary route of 

drug egress from the body. In patients with a creatinine clearance 

level greater than 50 but less than 80 mL/min, the exposure was 

32% higher than in patients without renal impairment. In patients 

with creatinine clearance levels of 30 to 50 mL/min, the expo-

sure was 74% higher than in patients without renal impairment. 

In patients with a creatinine clearance level less than 30 mL/min, 

the exposure was 72% higher than in patients without renal im-

pairment. Patients undergoing peritoneal dialysis experienced 93% 

greater exposure to medication. However, each 4-hour session of 

hemodialysis reduces exposure by less than 7%.4

Exposure increased by approximately 13% in patients with a 

low body weight (median: 55 kg) versus those with a higher body 

weight (median: 84 kg). Age and racial background did not affect 

exposure to Savaysa after adjusting for other factors such as body 

weight, sex, and renal function.4

Clinical Trials 
Nonvalvular Atrial Fibrillation
Clinical studies with Savaysa include the ENGAGE AF-TIMI 48 

study, which was a multinational, double-blind, noninferiority 

study to assess Savaysa versus warfarin in patients with NVAF. 

Investigators evaluated the safety and efficacy of Savaysa in re-

ducing the risk of stroke and systemic embolic events in these 

patients. Patients were randomized to receive 60 mg of Savaysa 

daily, 30 mg of Savaysa daily, or warfarin titrated to a sufficient 

dose to achieve an international normalized ratio (INR) of 2.0 to 

3.0.4,5 

All patients enrolled in the study were required to have at least 

1 risk factor for stroke. These could include a prior stroke, tran-

sient ischemic attack, or a systemic embolism outside of the cen-

tral nervous system. If none of these 3 criteria were met, patients 

could alternatively have 2 or more risk factors, including an age of 

75 years or greater, hypertension, heart failure, or diabetes mel-

litus. Patients using antiretroviral drugs or the anti-rejection drug 

cyclosporine were excluded from the trial.4

Investigators randomized a total of 21,105 patients to receive 

treatment. Patients were followed over a median period of 2.8 

years, and a median of 2.5 years of active treatment. At baseline, 

25% of patients in the study received a reduced dose of Savaysa. 

Another 7% of patients received dose reductions during the study. 

Most of these dose reductions were due to creatinine clearance 

levels of 50 mL/min or less at randomization. Demographic char-

acteristics and baseline population factors were similar between 

groups. A substantial proportion of patients (40%) were 75 years 

or older. More than three-fourths (81%) of patients were Cauca-

sian, and the majority (62%) were male. Nearly one-third (30%) 

of patients in the study were also taking aspirin. A minority (2%) 

were taking thienopyridines concomitantly.4

The primary end point of the study was the time to occurrence 

of the first stroke, whether ischemic or hemorrhagic, or a sys-

temic embolism (limited to systemic embolisms occurring during 

treatment or within 3 days of the last treatment dose). The mean 

percentage of time that patients receiving warfarin spent within 

Table. Transitioning From Other Anticoagulants to Savaysa4

Warfarin or another VKA Discontinue warfarin/VKA and start Savaysa when the INR is ≤2.5

Oral anticoagulants that are not warfarin or another VKA Discontinue current oral anticoagulant and start Savaysa at the time of 
the next scheduled dose of oral warfarin or other anticoagulant

LMWH Discontinue the LMWH and start Savaysa at the time of the next 
scheduled administration of the LMWH

Unfractionated heparin Discontinue heparin and start Savaysa 4 hours later

INR indicates international normalized ratio; LMWH, low-molecular-weight heparin; VKA, vitamin K antagonist. 
Source: Savaysa prescribing information.
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the therapeutic range was 65%. For the primary end point, warfa-

rin and both doses of Savaysa were comparable (noninferior) per 

the prespecified study parameters.4

Importantly, however, the 30-mg dose of Savaysa was numer-

ically, but not significantly, less effective than warfarin for the 

primary end point. Savaysa 30 mg was also inferior to warfarin 

in reducing the rate of ischemic strokes. A planned superiority 

analysis did not establish superiority of the 60-mg dose versus 

warfarin, but showed a favorable trend toward lower rates of the 

primary end point with Savaysa than with warfarin (hazard ratio 

[HR], 0.87; 99% CI, 0.71-1.07).4

DVT and PE Prevention

In the multinational, double-blind Hosukai-VTE study of Savaysa 

versus warfarin in patients with DVT and/or PE, investigators 

compared the 2 treatments in terms of safety and efficacy. All 

patients enrolled in the study (n = 8292) received diagnostic im-

aging to confirm DVT or PE and had initial heparin therapy with 

low-molecular-weight heparin or unfractionated heparin for at 

least 5 days. Patients were given warfarin or Savaysa after dis-

continuing heparin therapy. Patients received a reduced dose of 

Savaysa (30 mg daily) if they had a low creatinine clearance (ie, 

30-50 mL/min), had a body weight of 60 kg or less, used specific 

P-gp inhibitors (eg, verapamil, quinidine, azithromycin, clarithro-

mycin, erythromycin, oral itraconazole, or oral ketoconazole), or 

any combination of these factors. All other patients received the 

typical daily dosage of 60 mg daily. Warfarin doses were adjusted 

to achieve an INR of 2.0 to 3.0.4,6

Treatment lasted between 3 and 12 months, as determined by 

each patient’s clinical situation. Exclusion criteria included throm-

bectomy, caval filter insertion, fibrinolytic use, use of P-gp inhib-

itors not specified in the study, significant liver disease, active 

bleeding, or a creatinine clearance less than 30 mL/min. Patients 

received treatment for a mean of 252 days in the Savaysa group, 

and a mean of 250 days in the warfarin group. Over half of the 

patients (57%) were male, and more than two-thirds (70%) were 

Caucasian.4

A total of 4118 patients received Savaysa, and the remaining 

4122 patients received warfarin. For the primary efficacy end 

point of recurrent VTE rates, Savaysa was noninferior to war-

farin (HR, 0.89; 95% CI, 0.70-1.13). The most common reason 

for discontinuation of therapy was bleeding, which occurred in 

1.4% of patients receiving warfarin and 1.4% of patients receiving 

 Savaysa. However, clinically relevant bleeding was significantly 

less likely to occur in patients receiving Savaysa than in patients 

receiving warfarin (HR, 0.81; 95% CI, 0.71-0.94; P = .004]).4

Warnings and Precautions 
Patients With High Creatinine Clearance Levels and NVAF
Patients with a creatinine clearance greater than 95 mL/min and 

NVAF should not use Savaysa, as these patients were shown to 

be at a greater risk of ischemic stroke with Savaysa 60 mg daily 

versus warfarin in the ENGAGE AF-TIMI 48 study.4 

Increased Risk of Stroke on Discontinuation
As with any oral anticoagulant, premature discontinuation of  Savaysa 

in patients with NVAF without initiation of substitute oral anticoag-

ulant therapy may increase the risk of ischemic events. Patients 

discontinuing Savaysa for reasons other than pathological bleeding 

or completion of a prescribed course of therapy should consider an-

other anticoagulant regimen, as recommended by their physician.4

Increased Bleeding Risk

Patients taking Savaysa may be at increased risk of bleeding, in-

cluding potentially serious or fatal bleeding events. Patients should 

be promptly evaluated if any signs or symptoms suggestive of 

blood loss occur. Additionally, in patients with active pathological 

bleeding, Savaysa should be discontinued. Use of Savaysa with 

medications that affect hemostasis, including aspirin, antiplatelet 

agents, antithrombotic agents, or fibrinolytic therapy, or chronic 

use of nonsteroidal anti-inflammatory drugs (NSAIDs), may in-

crease the risk of bleeding events.4

Currently, there is no established method of reversing the anti-

coagulant effects of Savaysa. Anticoagulant effects should be ex-

pected to persist for approximately 24 hours after discontinuation, 

and reversal of the anticoagulant effects of Savaysa is not expedi-

ted by hemodialysis. Protamine sulfate, vitamin K, and tranexamic 

acid should not be expected to be effective reversal agents.4

Spinal/Epidural Anesthesia or Puncture

If neuraxial anesthesia, such as spinal anesthesia or an epidural 

puncture, is used, patients receiving an antithrombotic agent are 

at greater risk of developing an epidural or spinal hematoma. These 

hematomas may result in long-term or permanent paralysis. The risk 

of these events may be greater in patients using indwelling epidu-

ral catheters postoperatively, or in patients using medications that 

affect hemostasis. Any patients with an indwelling epidural or intra-

thecal catheter should not have the catheter removed fewer than 

12 hours after the last administration time of Savaysa, and the next 

dose of Savaysa should not be administered less than 2 hours after 

catheter removal. Patients should be monitored for signs of neuro-

logical impairment, such as weakness of the legs, or bowel/bladder 

dysfunction.4

Patients With Mechanical Heart Valves or Moderate to Severe Mitral 

Stenosis

The safety and efficacy of Savaysa has not been studied in patients 

with mechanical heart valves or moderate to severe mitral steno-

sis, and use of Savaysa is therefore not recommended in these 

patients.4
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Drug Interactions
Patients taking Savaysa should avoid concomitant use of anticoag-

ulants and rifampin, which is a P-gp inducer. Use of P-gp inhibitors 

concomitantly with Savaysa may reduce blood levels of Savaysa. 

Aspirin and other antiplatelet drugs, antithrombotic drugs, fibri-

nolytic agents, and NSAIDs may increase the risk of bleeding in 

patients receiving Savaysa.4

Pregnancy and Lactation
Savaysa is a Pregnancy Category C medication. Although there 

have been no adequate, well-controlled studies in pregnant 

 women, a total of 10 pregnant women in the Hokusai-VTE study 

received Savaysa in the first trimester of pregnancy. Patients were 

exposed to therapy for up to 6 weeks. Among these 10 patients, 

6 live births occurred. Among the remaining 4 patients, 3 elective 

terminations and 1 first-trimester spontaneous abortion occurred. 

Because it is not known if the active ingredient in Savaysa is ex-

creted in human milk, women using Savaysa should not breastfeed 

infants. A decision should be made to discontinue nursing or to 

discontinue the drug, taking into account the importance of the 

drug to the mother.4

Common Adverse Events
In patients with NVAF, the most common adverse reactions with 

Savaysa, occurring at a rate of 5% or greater, were bleeding and 

anemia. In patients receiving Savaysa for DVT or PE, the most 

common adverse reactions, occurring at a rate of 1% or greater, 

were bleeding, rash, abnormal liver function tests, and anemia. For 

a complete discussion of potential drug interactions and adverse 

events with Savaysa, the product package insert should be con-

sulted.4

Conclusions
Savaysa is a treatment option for patients with NVAF and those 

who discontinued treatment with a parenteral anticoagulant and 

require further treatment to reduce the risk of developing VTE. Use 

of  Savaysa is contraindicated in patients with active pathological 

bleeding, and the medication carries black box warnings for reduced 

efficacy in patients with a creatinine clearance greater than 95 mL/

min, an increased risk of ischemic events with premature discontin-

uation, and spinal or epidural hematomas.
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Product Profiles: Toujeo (insulin glargine [rDNA origin])

According to the American Diabetes Association (ADA), over 

29 million people in the United States have type 1 (T1DM) or 

2 (T2DM) diabetes mellitus. Diabetes is the seventh-leading 

cause of death in the country. It is part of a complex disease process 

that can lead to a host of comorbidities in patients, such as hyperten-

sion, obesity, cardiovascular disease and death, retinopathy and other 

ophthalmologic problems, and amputations.1 The ADA estimates that 

more than 1 out of 10 dollars spent on healthcare in the United States 

go toward diabetes and its complications.2 

Insulin is the primary therapy for patients with T1DM, and many 

patients who develop T2DM and are controlled with oral glucose-low-

ering medications will at some point require adjuvant insulin therapy 

to control the disease process.3,4 However, because of the limitations 

of some insulin regimens, such as hypoglycemia, weight gain, and 

strict dosing regimens, many patients find compliance with an insulin 

regimen difficult. Therefore, an insulin that has a very low incidence 

of causing hypoglycemia and other undesirable side effects while still 

offering optimal glycemic control would be ideal for diabetes patients 

to optimize treatment adherence and glycemic control.4

About Toujeo
Sanofi received FDA approval for Toujeo (insulin glargine [rDNA 

origin] injection, 300U/mL) to improve glycemic control in pa-

tients with either T1DM or T2DM. The approval was based on the 

EDITION phase 3 clinical trial program, which included more than 

3500 adults worldwide from various T1DM and T2DM populations. 

The open-label, randomized, active control, parallel treat-to-target 

EDITION compared once-daily Toujeo with once-daily Lantus (insu-

lin glargine [rDNA origin] injection, 100 U/mL) for up to 26 weeks 

with a 6-month safety extension.5

All studies included in the EDITION program met the primary 

end points by demonstrating glycemic control with Toujeo that 

was similar to that of the active control Lantus. The most common 

adverse events were nasopharyngitis (12.8% for T1DM and 7.1% 

for T2DM) and upper respiratory tract infection (9.5% for T1DM 

and 5.7% for T2DM).5

Mechanism of Action
The primary action of insulin products is regulation of glucose me-

tabolism. Insulin and its analogues lower blood glucose by stimu-

lating peripheral glucose uptake, especially by skeletal muscle and 

fat, and by inhibiting hepatic glucose production. Insulin inhibits 

lipolysis and proteolysis and enhances protein synthesis.6

Dosage and Administration
Toujeo is administered by injection: 300 units per mL of insulin 

glargine available as a clear, colorless solution in a 1.5-mL Tou-

jeo SoloStar disposable prefilled pen (450 units/1.5 mL). Because 

Toujeo reaches steady-state levels over approximately 5 days of 

regular use, the maximum glucose-lowering effect of a dose of 

Toujeo may take 5 days to fully manifest. Additionally, the first 

Toujeo dose may be insufficient to cover metabolic needs in the 

first 24 hours of use. To minimize risks associated with insufficient 

insulinization when initiating Toujeo, glucose should be monitored 

daily, Toujeo should be titrated per instructions, and coadminis-

tered glucose-lowering therapies should be adjusted per standard 

of care.6

The recommended starting dose of Toujeo in insulin-naïve pa-

tients with T1DM is approximately one-third to one-half of the to-

tal daily insulin dose. The remainder of the total daily insulin dose 

should be given as a short-acting insulin and divided among each 

day’s meals. As a general rule, 0.2 to 0.4 units of insulin per ki-

logram of body weight can be used to calculate the initial total 

daily insulin dose for patients with T1DM. However, in insulin-naïve 

patients with T2DM, the recommended starting dose of Toujeo is 

0.2 units per kilogram of body weight once daily. The dosage of 

other anti-diabetic drugs may need to be adjusted when Toujeo is 

started, to minimize the risk of hypoglycemia.6

Depending on the previously used insulin therapy, dosing and 

administration guidelines when switching from a previously used 

insulin therapy to Toujeo may differ. To minimize the risk of hyper-

glycemia when patients are switched to Toujeo, glucose should be 

frequently monitored in the first weeks of therapy, the dose of Tou-

jeo should be titrated per instructions, and the dose of other glu-

cose-lowering therapies should be titrated per standard of care.6

To minimize the risk of hypoglycemia when changing patients 

from a once-daily long-acting or intermediate-acting insulin prod-

uct to Toujeo, the starting dose of Toujeo can be the same as the 

once-daily long-acting dose. For patients controlled on Lantus (in-

sulin glargine, 100 units/mL), a higher daily dose of Toujeo will 

likely be needed to maintain the same level of glycemic control. 

To minimize the risk of hypoglycemia when changing patients from 

twice-daily neutral protamine Hagedorn (NPH) insulin to once-daily 

Toujeo, the recommended starting Toujeo dose is 80% of the total 

daily NPH dosage.6

Clinical Studies
In clinical studies, investigators assessed the efficacy and safety of 

Toujeo once-daily versus Lantus once-daily. The 2 studies, which 

were similar in design, involved patients who were either T1DM 

or T2DM.6 

FDA Approves Toujeo for Treatment of Diabetes Mellitus
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Product Profiles: Toujeo (insulin glargine [rDNA origin])

Type 1 Diabetes Mellitus

In the study of patients with T1DM, 546 patients were randomized 

in a 1:1 ratio to receive treatment with a daily bolus dose of either 

Toujeo or Lantus insulin. Treatment continued over a period of 26 

weeks. In patients with T1DM, treatments were administered daily 

in the morning, either before breakfast or before lunch, or in the 

evening before the final meal of the day. In addition, a dose of 

shorter-acting insulin was administered before each meal to re-

duce postprandial blood glucose elevations.6

Treatment with Toujeo was clinically equivalent to treatment 

with Lantus, based on A1C changes from baseline to week 26 that 

did not differ significantly between patient groups (Table 1). How-

ever, importantly, patients receiving Toujeo used 17.5% more basal 

insulin than patients receiving Lantus.6

Type 2 Diabetes Mellitus

In a multicenter, open-label, parallel-group study, researchers as-

signed a total of 878 insulin-naïve patients with T2DM in a 1:1 ratio 

to receive either concentrated insulin glargine (300 units/mL) or 

a standard form of insulin glargine (100 units/mL). Patients were 

given injections daily for 26 weeks. Doses were titrated to achieve 

a plasma glucose concentration before breakfast in the range of 

80 mg/dL to 100 mg/dL.4

Researchers assessed a primary end point of changes in glyca-

ted hemoglobin (A1C) levels over the course of 26 weeks. Second-

ary end points included the percentage of patients with 1 or more 

episode of confirmed nocturnal hypoglycemia (ie, <70 mg/dL), or 

with severe hypoglycemia requiring assistance.4

Based on least-squares mean differences in changes from base-

line in A1C levels, between-group differences were not signifi-

cantly different. From baseline to week 26, investigators identified 

a nonsignficant difference in A1C changes between groups of 0.04 

percentage points (95% CI: –0.09 to 0.17). This finding proved 

noninferiority of the 300-unit/mL and 100-unit/mL formulations 

of insulin glargine in terms of A1C reduction (Table 2).4,6

Severe hypoglycemia episodes from week 9 to month 6 were 

significantly less common (hazard ratio: 0.76 [95% CI: 0.55-0.99]) 

with the more concentrated 300-unit/mL insulin injections (Tou-

jeo) than with the less concentrated 100-unit/mL insulin injections 

(Lantus). However, with another metric of hypoglycemia based on 

nocturnal episodes, no significant differences in hypoglycemia 

rates were identified.4

Warnings and Precautions 
Never Share a Toujeo SoloStar Pen Between Patients

Toujeo SoloStar prefilled pens should not be shared between pa-

tients, even if the needle has been changed.6

Hyperglycemia or Hypoglycemia With Changes in Insulin Regimen

Changes in insulin strength, manufacturer, type, or method of ad-

ministration may affect glycemic control and predispose patients 

to hypoglycemia or hyperglycemia. Any changes should be made 

cautiously, under close medical supervision, and with increased 

glycemic monitoring. For patients with T2DM, dosage adjustments 

of concomitant oral anti-diabetic medications may be necessary.6

Hypoglycemia

The most common side effect of any insulin, including Toujeo, is 

hypoglycemia; it can be serious and even life threatening. Symp-

toms of hypoglycemia include shaking, sweating, increased heart 

rate, impaired concentration and reaction time, and blurred vision. 

Patients and caregivers must be properly educated on the possible 

signs and symptoms of hypoglycemia and ways to mitigate the risk. 

Strategies to avoid hypoglycemia include increased glycemic mon-

itoring, consistent meal patterns, and consistent physical activity. 

Patients with renal or hepatic impairment may be at increased risk 

of developing hypoglycemia. Other possible side effects are weight 

gain, swelling, and allergic reaction.6

Medication Errors 

Accidental mix-ups between insulin products have been reported. 

To avoid medication errors involving Toujeo and other insulins, pa-

tients should be instructed to check the insulin label before each 

injection.6

Table 1. 26-Week Results With Toujeo in Patients With 
Type 1 Diabetes Mellitus6

Toujeo + Mealtime 
Insulin

Lantus + Mealtime 
Insulin

Baseline mean A1C 8.13% 8.12%

Adjusted mean change 
from baseline –0.40 –0.44

Adjusted mean 
difference (95% CI) 0.04 (–0.10 to 0.18)

A1C indicates glycated hemoglobin. 
Source: Toujeo prescribing information.

Table 2. 26-Week Results With Toujeo in Insulin-Naïve 
Patients With Type 2 Diabetes Mellitus6

Toujeo Lantus

Baseline mean A1C 8.49% 8.58%

Adjusted mean change 
from baseline –1.42 –1.46

Adjusted mean 
difference (95% CI) 0.04 (–0.09 to 0.17)

A1C indicates glycated hemoglobin. 
Source: Toujeo prescribing information.
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Hypersensitivity and Allergic Reactions 

Severe, life-threatening, generalized allergic reactions (eg, anaphy-

laxis) can occur with insulin products, including Toujeo. If hyper-

sensitivity reactions occur, Toujeo should be discontinued and the 

patient should be treated according to current standard of care, 

with monitoring until signs and symptoms resolve. Toujeo is con-

traindicated in patients who have had hypersensitivity reactions to 

insulin glargine or any of the excipients contained in Toujeo.6

Hypokalemia 

All insulin products, including Toujeo, cause a shift in potassium 

from the extracellular to intracellular space, possibly leading to 

hypokalemia. Untreated hypokalemia may cause respiratory paral-

ysis, ventricular arrhythmia, and death. Potassium levels should be 

monitored in patients at risk for hypokalemia if indicated (eg, pa-

tients using potassium-lowering medications, and patients taking 

medications sensitive to serum potassium concentrations).6

Fluid Retention and Heart Failure With Concomitant Use of 

PPAR-gamma Agonists 

Thiazolidinediones, which are peroxisome proliferator-activated 

receptor (PPAR)-gamma agonists, can cause dose-related fluid re-

tention, particularly when used in combination with insulin. Fluid 

retention may lead to or exacerbate heart failure. Patients treated 

with insulin, including Toujeo, and a thiazolidinedione should be 

observed for signs and symptoms of heart failure. If heart failure 

develops, it should be managed according to current standards of 

care, and discontinuation or dose reduction of the thiazolidinedi-

one must be considered.6

 Immunogenicity
As with all therapeutic proteins, there is potential for immunoge-

nicity with Toujeo. In a 6-month study of T1DM patients, 79% of 

patients who received Toujeo once daily tested positive for anti-in-

sulin antibodies (AIAs) at least once during the study, including 

62% who were AIA-positive at baseline and 44% who developed 

anti-drug antibodies (ie, anti-insulin glargine antibodies) during the 

study. Of the patients on Toujeo found to be AIA-positive by an 

antibody test at baseline, 80% remained AIA-positive at 6 months.6

In two 6-month studies of T2DM patients, 25% of patients who 

received Toujeo once daily tested positive for AIA at least once 

during the study, including 42% who tested positive at baseline 

and 20% who developed anti-insulin glargine antibodies during the 

study. Of the patients on Toujeo found to be AIA-positive by an 

antibody test at baseline, 90% remained AIA-positive at 6 months.6

The detection of antibody formation is highly dependent on the 

sensitivity and specificity of the assay and may be influenced by 

several factors, including assay methodology, sample handling, 

timing of sample collection, concomitant medication, and underly-

ing disease. For these reasons, comparison of the incidence of an-

tibodies to Toujeo with the incidence of antibodies in other studies 

or to other products may be misleading.6

Adverse Reactions
The most common adverse reactions in clinical trials of Toujeo 

were nasopharyngitis and upper respiratory tract infection (Tables 
3 and 4).6

Pregnancy and Lactation
All pregnancies have a background risk of birth defects, loss, or 

other adverse outcomes regardless of drug exposure. This back-

ground risk is increased in pregnancies complicated by hyper-

glycemia and may be decreased with good metabolic control. It 

is essential for patients with diabetes or a history of gestational 

diabetes to maintain good metabolic control before conception 

and throughout pregnancy. In patients with diabetes or gestational 

diabetes, insulin requirements may decrease during the first tri-

mester,  increase during the second and third trimesters, and rap-

idly decline after delivery. Careful monitoring of glucose control in 

these patients is essential. Therefore, female patients should be 

advised to tell their physicians if they become pregnant, or intend 

to become pregnant, while taking Toujeo.6

Endogenous insulin is present in human milk; it is unknown 

whether insulin glargine is excreted in human milk. Because many 

drugs, including human insulin, are excreted in human milk, cau-

tion should be exercised when Toujeo is administered to a nurs-

ing woman. Use of Toujeo is compatible with breastfeeding, but 

 women with diabetes who are lactating may require adjustment of 

their insulin dose.6

Table 3. Adverse Reactions in 2 Pooled Clinical Trials of 
26 Weeks and 16 Weeks in Adults With Type 1 Diabetes 
Mellitus (incidence ≥5%)6

Toujeo + mealtime insulina

(n = 304)

Nasopharyngitis 12.8%

Upper respiratory tract infection 9.5%

aMealtime insulin refers to insulin glulisine, insulin lispro, or insulin 
aspart. 
Source: Toujeo prescribing information.

Table 4. Adverse Reactions in 3 Pooled Clinical Trials of 
26 Weeks Duration in Adults With Type 2 Diabetes Mellitus 
(incidence ≥5%)6

Toujeoa

(n = 1242)

Nasopharyngitis 7.1%

Upper respiratory tract infection 5.7%

aOne of the trials in type 2 diabetes mellitus included mealtime insulin. 
Source: Toujeo prescribing information.
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Conclusions
Diabetes is part of a complex disease process that can lead to co-

morbidities in patients. This complexity of disease also leads to an 

increase in the cost burden of treating patients with diabetes. Pro-

viding patients with a basal insulin product such as Toujeo SoloStar 

allows patients to have optimal glycemic control with a lower side 

effect profile, which in turn increases compliance with the medica-

tion regimen and decreases other disease processes associated 

with T1DM and T2DM.
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Product Profiles: Viekira Pak (ombitasvir, paritaprevir, and ritonavir tablets; dasabuvir tablets)

The hepatitis C virus (HCV) is communicable through body 

fluids (eg, unprotected sex, needles, blood-to-blood contact). 

With an acute hepatitis C infection, approximately 15% to 20% 

of patients will spontaneously clear the virus within 6 months. How-

ever, the remaining 80% to 85% of patients will develop an asymp-

tomatic chronic HCV infection. When symptoms finally appear, often 

after several decades, advanced cirrhosis often will have already de-

veloped. An estimated 170 million to 200 million people worldwide 

and 3 million to 5 million people in the United States have HCV.1,2

The CDC recommends that all patients born between 1945 and 

1965 receive testing for HCV infection. In addition, the American As-

sociation for the Study of Liver Diseases (AASLD) and the Infectious 

Diseases Society of America (IDSA) recommend 1-time testing for 

certain other groups, including patients who have human immuno-

deficiency virus (HIV) infection, have liver disease or high levels of 

liver enzymes in the blood, have given or received blood or organs 

before 1992, are undergoing regular hemodialysis, have used injec-

ted drugs in the past (even if it was only once many years ago), have 

been exposed to blood accidentally through a needle stick, or have 

gotten a tattoo or body piercing in an informal setting.3,4

Approval of Viekira Pak
On December 19, 2014, the FDA announced approval to AbbVie of 

Viekira Pak (ombitasvir, paritaprevir, and ritonavir tablets; dasabu-

vir tablets), an all-oral regimen for the treatment of genotype 1 

(GT1) chronic HCV infection.5 Although Viekira Pak does not carry 

any black box warnings, its use is not recommended in patients 

with decompensated liver disease. However, Viekira Pak may be 

used in patients with compensated cirrhosis.6

Contraindications for use of Viekira Pak include severe hepatic 

impairment and severe ritonavir hypersensitivity. Coadministra-

tion with medications dependent on CYP3A for clearance, strong 

CYP3A inducers, or strong CYP2C8 inducers or inhibitors is also 

contraindicated. Patients using Viekira Pak with ribavirin must also 

be evaluated for the contraindications associated with ribavirin.6,7

Pharmacology and Pharmacokinetics
Mechanistically, the 3 components of Viekira Pak are classified as 

direct-acting antivirals. Each of the 3 components has a distinct 

mechanism of action. Ombitasvir is an HCV NS5A inhibitor, and 

dasabuvir is a nonnucleoside NS5B polymerase inhibitor. The third 

component, paritaprevir, is an NS3/4A protease inhibitor that is 

used with ritonavir to enhance paritaprevir levels.6

Dosage and Administration
Each carton of Viekira Pak contains 28 days of therapy, split into 

4 packs supplying 7 days of therapy each. Each daily dose is com-

posed of 2 types of tablets: a combination tablet containing 12.5 

mg of ombitasvir, 75 mg of paritaprevir, and 50 mg of ritonavir; and 

tablets of dasabuvir sodium containing 250 mg of dasabuvir each.6

Patients should take 2 combination tablets containing ombit-

asvir, paritaprevir, and ritonavir once daily every morning. Tablets 

of dasabuvir should be taken twice daily, 1 in the morning and 1 

in the evening. In most cases, Viekira Pak is used with ribavirin, 

with the total daily dose of ribavirin divided into 2 daily administra-

tions with food. Patients weighing less than 75 kg should receive 

a 1000-mg total daily dose of ribavirin, and patients weighing 75 

kg or more should receive a 1200-mg total daily dose of ribavirin.6

Dosage adjustment of Viekira Pak is not required in patients 

with mild hepatic impairment, but use of Viekira Pak is not rec-

ommended in patients with moderate hepatic impairment and is 

contraindicated in patients with severe hepatic impairment. Al-

though no dosage adjustment is required in patients with renal 

impairment, no studies have been conducted in patients receiving 

dialysis.6

Treatment with Viekira Pak typically lasts 12 weeks. Exceptions 

include patients with GT1a infection with cirrhosis, and liver trans-

plant recipients, all of whom usually require 24 weeks of therapy. 

Although patients with GT1b hepatitis C without cirrhosis may re-

ceive Viekira Pak alone, without ribavirin, co-therapy with ribavirin 

is recommended in other patient groups.6

Table 1. SVR12 Rates With Viekira Pak and Ribavirin6

For patients receiving Viekira Pak and ribavirin, SVR12 rates 
averaged

97% in treatment-naïve and 96% in treatment-experienced, 
noncirrhotic patients with GT1a infection receiving 12 weeks of therapy

99% in a mixed population of treatment-naïve and treatment-
experienced cirrhotic patients with GT1b infection receiving 12 weeks 
of therapy

95% in a mixed population of treatment-naïve and treatment-
experienced cirrhotic patients with GT1a infection receiving 24 weeks 
of therapy

97% with GT1a infection, and 100% with GT1b infection in patients 
who had previously undergone a liver transplant receiving 24 weeks of 
therapy

91% in patients with GT1a infection, and 100% in patients with GT1b 
infection in patients coinfected with HIV-1 and GT1 HCV receiving 12 to 
24 weeks of therapy

GT indicates genotype; HCV, hepatitis C virus; HIV, human immunodefi-
ciency virus; SVR12, sustained viral response 12 weeks after the end of 
treatment. 
Source: Viekira Pak prescribing information.

Viekira Pak Approved by FDA for Hepatitis C
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Product Profiles: Viekira Pak (ombitasvir, paritaprevir, and ritonavir tablets; dasabuvir tablets)

Clinical Trials
Viekira Pak has been evaluated in more than 2000 patients en-

rolled in 4 double-blind trials and 2 open-label trials. In addition, 

the safety and efficacy of Viekira Pak has been established in pa-

tients who have received a liver transplant and in patients coin-

fected with GT1 HCV and HIV. In each trial, investigators evalu-

ated rates of sustained viral response 12 weeks after the end of 

treatment (SVR12). In clinical trials, SVR12 rates averaged 91% to 

100%, depending on the population (Table 1).6

Viekira Pak has been evaluated in 4 double-blind trials (SAP-

PHIRE-I, SAPPHIRE-II, PEARL-III, and PEARL-IV), and 2 open-label 

trials (PEARL-II and TURQUOISE-II).6

SAPPHIRE-I 
The SAPPHIRE-I phase 3 clinical trial evaluated the efficacy of 

Viekira Pak with ribavirin in treatment-naïve patients with GT1 

HCV and without cirrhosis. In the multicenter, randomized, dou-

ble-blind, placebo-controlled trial, investigators randomized 631 

patients to receive active treatment or placebo in a 3:1 ratio. Pa-

tients received treatment for 12 weeks. Twelve weeks after the end 

of treatment, investigators evaluated rates of sustained virologic 

response, or SVR12.8

In patients receiving active treatment, 96.2% of patients expe-

rienced SVR12, with relapses occurring during treatment in 0.2% 

of patients and virologic relapse after treatment occurring in 1.5% 

of patients. Among patients with GT1a infection, 95.3% of patients 

experienced SVR12. Similarly, in patients with GT1b infection, 

98.0% of patients experienced SVR12. Rates of nausea, pruritus, 

insomnia, diarrhea, and asthenia were significantly (P <.05) higher 

in patients receiving active treatment than in patients receiving 

placebo. Due to the use of ribavirin, grade 1 or 2 reductions in 

hemoglobin levels occurred in 47.5% of patients in the active treat-

ment group versus 5.8% of patients in the placebo group.8

SAPPHIRE-II
The SAPPHIRE-II phase 3 clinical trial evaluated the efficacy of 

 Viekira Pak with ribavirin in treatment-experienced patients with 

GT1 HCV and without cirrhosis. Patients enrolled in the trial had 

previously received treatment with telaprevir and peginterferon-rib-

avirin, and had experienced either no response, a partial response, 

or a relapse of HCV.9 

In the double-blind, placebo-controlled trial, investigators ran-

domized 394 patients to receive active treatment or placebo in a 

3:1 ratio. Investigators evaluated SVR12 rates. In patients receiving 

active treatment, among prior relapsers, 95.3% of patients expe-

rienced SVR12; among prior partial responders, 100% of patients 

experienced SVR12; and among prior nonresponders, 95.2% of pa-

tients experienced SVR12. Rates of pruritus were significantly (P = 

.03) higher in patients receiving active treatment (13.8% of whom 

experienced pruritus) than in patients receiving placebo (5.2% of 

whom experienced pruritus). Grade 2 or 3 reductions in hemoglobin 

levels occurred in 5% of patients in the active treatment group.9

PEARL-II 
The PEARL-II phase 3 clinical trial evaluated the efficacy of Viekira 

Pak with ribavirin in treatment-experienced patients with GT1b HCV 
and without cirrhosis. Patients enrolled in the trial had previously re-

ceived treatment with peginterferon and ribavirin. In the multicenter, 

open-label trial, investigators randomized 179 patients to receive 

Viekira Pak with ribavirin or without ribavirin in a 1:1 ratio.10 

Investigators evaluated SVR12 rates to evaluate noninferiority of 

the 2 treatments. SVR12 occurred in 96.6% of patients receiving ac-

tive treatment (95% CI, 92.8%-100%) and 100% of patients receiving 

treatment without ribavirin (95% CI, 95.9%-100%), confirming non-

inferiority of the 2 regimens. Patients receiving ribavirin were more 

likely to experience fatigue (31.9% vs 15.8%) and headache (24.2% 

vs 23.2%) than patients who did not receive ribavirin. In addition, 

decreases in hemoglobin counts to lower than normal levels were 

significantly more likely to occur in patients treated with ribavirin 

(42.0% vs 5.5%; P <.001).10

PEARL-III/PEARL-IV
The PEARL-III and -IV phase 3 clinical trials evaluated the efficacy 

and safety of Viekira Pak with or without ribavirin in treatment-naïve 

patients with GT1 HCV and without cirrhosis. In the multicenter, 

open-label trial, investigators randomized 419 patients to receive 

Viekira Pak with ribavirin or without ribavirin in a 1:1 ratio. SVR12 

rates for each group were analyzed in patients with GT1a and GT1b 

infection. Although rates of SVR12 were not significantly different 

with ribavirin (99.5%) and without ribavirin (99.0%) among patients 

with GT1b infection, rates of SVR12 did differ significantly in pa-

tients with GT1a infection treated with ribavirin (97.0%) versus 

patients who were not treated with ribavirin (90.2%). Importantly, 

hemoglobin level reductions were more likely in patients receiving 

ribavirin than in patients who did not receive ribavirin.11

TURQUOISE-II
The TURQUOISE-II phase 3 clinical trial evaluated the efficacy and 

safety of Viekira Pak with ribavirin in both treatment-naïve and 

treatment-experienced patients with GT1 HCV and compensated 

cirrhosis. In the open-label trial, investigators randomized 380 

patients to receive Viekira Pak with ribavirin for either 12 or 24 

weeks. SVR12 rates for each group were analyzed.12 

Twelve weeks of treatment led to an SVR12 rate of 91.8% (97.5% 

CI, 87.6%-96.1%), and 24 weeks of treatment led to an SVR12 rate 

of 95.9% (97.5% CI, 92.6%-99.3%). Patients receiving 24 weeks of 

therapy were more likely to experience fatigue (46.5% vs 32.7%), 

headache (30.8% vs 27.9%), and nausea (20.3% vs 17.8%) than pa-

tients who received 12 weeks of treatment. In addition, decreases 

in hemoglobin counts to levels below 10 mg/dL were more likely 
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to occur in patients treated for 24 weeks than in patients treated 

for 12 weeks (11.0% vs 7.2%).12

Warnings and Precautions
Use of Viekira Pak with strong CYP3A4 inhibitors may increase 

concentrations of paritaprevir and ritonavir, and use of Viekira 

Pak with strong CYP2C8 inhibitors may increase concentrations 

of dasabuvir.6 

Use of several medications is contraindicated in patients using 

Viekira Pak, including alfuzosin, pimozide, carbamazepine, phe-

nytoin, phenobarbital, St. John’s wort, rifampin, ergot derivatives, 

medications that contain ethinyl estradiol, gemfibrozil, lovastatin, 

simvastatin, efavirenz, triazolam, midazolam, and sildenafil (but 

only when sildenafil is used for pulmonary arterial hypertension).6

The maximum dosage of certain medications should be limited, 

such as ketoconazole (200 mg/day), rosuvastatin (10 mg/day), 

and pravastatin (40 mg/day). Dosage adjustment is also neces-

sary for cyclosporine and tacrolimus because Viekira Pak will in-

crease levels of immunosuppressive medications.6 

Viekira Pak is a Pregnancy Category B medication, although it 

is often used with ribavirin, which is a Category X medication.7 

Common adverse events with Viekira Pak, each of which occurred 

in at least 5% of patients, included nausea, pruritus, and insom-

nia (Table 2). However, fatigue, nausea, pruritus, skin reactions, 

insomnia, and asthenia each occurred in at least 10% of patients 

receiving Viekira Pak with ribavirin.6 

AASLD/IDSA Guidelines
Viekira Pak is a recommended treatment regimen for treat-

ment-naïve patients with GT1a HCV infection, GT1b HCV infection, 

and GT4 HCV infection, according to guidelines from the AASLD 

and IDSA. Among patients for whom prior treatment has failed 

(treatment-experienced patients), Viekira Pak is also recommen-

ded as a retreatment option in patients with GT1a HCV infection, 

GT1b HCV infection, or GT4 HCV infection. However, it is important 

to note that in patients with GT1 HCV infection who have previ-

ously failed to achieve a response with a protease inhibitor and 

who are undergoing retreatment, Viekira Pak should not be used, 

because it contains the protease inhibitor paritaprevir.4

Viekira Pak should not be used in patients who are coinfected 

with HIV and HCV if the patient is not already using antiretroviral 

therapy for HIV, and guidelines caution against use of Viekira Pak 

in patients with HIV taking certain types of antiretroviral therapies, 

including raltegravir, enfuvirtide, tenofovir, emtricitabine, lamivu-

dine, and atazanavir. Not enough data are available to determine 

whether it is safe to take Viekira Pak with dolutegravir, but guide-

lines recommend against use of the combination because of the 

lack of data. In addition, because both Viekira Pak and some HIV 

treatment regimens contain ritonavir, it is important to ensure that 

patients do not receive ritonavir for both HIV and HCV treatments.4

Conclusions
Viekira Pak is a treatment option for patients with GT1 chronic HCV 

infection. However, guidelines also recommend use of Viekira Pak in 

patients with GT4 infection. Treatment typically lasts 12 to 24 weeks 

and usually must be used in combination with ribavirin (with the ex-

ception of certain patients with GT1b infection). Guidelines recom-

mend that patients who have previously failed to achieve a response 

with a protease inhibitor should not be retreated with Viekira Pak. 
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Table 2. Adverse Events in Patients With Genotype 1 
Chronic Hepatitis C Virus Infection Occurring in ≥5% of 
Patients in PEARL-II, -III, and -IV Trials After 12 Weeks of 
Treatment6

Viekira Pak +  
Ribavirin Viekira Pak

Nausea 16% 8%

Pruritusa 13% 7%

Insomnia 12% 5%

Asthenia 9% 4%

aThe terms “pruritus” and “pruritus generalized” were grouped for this 
percentage. 
Source: Viekira Pak prescribing information.
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Product Profiles: Zohydro (hydrocodone bitartrate)

FDA Approves New Formulation of Zohydro for  
Chronic Pain Management

According to the American Pain Society, about 90% of Amer-

icans regularly suffer from some degree of pain. Pain is the 

most common symptom that leads people to seek medical 

care in the United States. As the second-leading cause of disability 

in the United States, pain results in an estimated 50 million work-

days lost each year. Conservative estimates indicate that chronic 

pain affects up to 2% of the US adult population.1 Unfortunately, 

opioid medications, even when prescribed appropriately and ad-

ministered at correct dosages, have a high potential for abuse and 

addiction.2 

A New Formulation of Opioid Agonist Zohydro
In January, the FDA approved a new formulation of the opioid ag-

onist Zohydro (hydrocodone bitartrate) in extended-release (ER) 

capsules for the management of chronic pain. Two major benefits 

to treating a patient using the new formulation of Zohydro ER are: 

1) it decreases the potential for misuse or abuse of the drug; and 

2) it contains no acetaminophen, so the risk of a patient devel-

oping liver toxicity because of long-term treatment is decreased.2

An Abuse-Deterrent Opioid Treatment Option

The new formulation of Zohydro ER developed by Zogenix is an 

abuse-deterrent formulation designed to decrease the potential 

for misuse, abuse, and addiction to hydrocodone, the active in-

gredient in Zohydro ER. The formulation uses BeadTek, a technol-

ogy that causes the medication to form a viscous gel when it is 

crushed and dissolved in a liquid or other solvent. Because Bead-

Tek beads contained in the Zohydro ER capsules form a viscous gel 

when crushed, the resulting liquid discourages illicit separation of 

the active hydrocodone opioid ingredient from the extended-re-

lease dosage form.2

Mechanism of Action
Hydrocodone is a semi-synthetic opioid agonist with relative se-

lectivity for the µ-opioid receptor, although it can interact with 

other opioid receptors at higher doses. Hydrocodone acts as a full 

agonist, binding to and activating opioid receptors at sites in the 

peri-aquaductal and peri-ventricular gray matter, the ventro-medial 

medulla, and the spinal cord to produce analgesia. The analgesia, 

as well as the euphoriant, respiratory depressant, and physiologic 

dependence properties of µ-agonist opioids like hydrocodone, result 

principally from agonist action at the µ-opioid receptors.3

Dosing and Administration
Zohydro ER should be prescribed only by healthcare professionals 

knowledgeable in the use of potent opioids for the management 

of chronic pain. Dosing of Zohydro ER depends on a patient’s pre-

vious experience with opioid treatment. For example, the starting 

dose for an opioid-naïve patient will differ from the starting dose 

for a patient who has previously received opioid treatment for 

chronic pain (opioid tolerant). Patients who are considered opioid 

tolerant are those receiving, for 1 week or longer, at least 60 mg 

oral morphine per day, 25 mcg transdermal fentanyl per hour, 30 

mg oral oxycodone per day, 8 mg oral hydromorphone per day, 25 

mg oral oxymorphone per day, or an equianalgesic dose of another 

opioid.3 

Zohydro ER is available in capsules with strengths of 10 mg, 

15 mg, 20 mg, 30 mg, 40 mg, and 50 mg. The capsules must be 

taken whole. Crushing, chewing, or dissolving the beads contained 

in the Zohydro ER capsules will result in uncontrolled delivery of 

Table 1. Factors to Consider When Converting to  
Zohydro ER3

Prior Oral Opioid Oral Dose (mg) Approximate Oral
Conversion Factor

Hydrocodone 10 1

Oxycodone 10 1

Methadone 10 1

Oxymorphone 5 2

Hydromorphone 3.75 2.67

Morphine 15 0.67

Codeine 100 0.10

The conversion ratios in this table are only to be used for the conversion 
from current opioid therapy to Zohydro ER. 
The following should be considered when using the information in this 
table3:
•  This is not a table of equianalgesic doses.
•  The conversion factors in this table are only for the conversion from one 

of the listed oral opioid analgesics to Zohydro ER.
•  The table cannot be used to convert from Zohydro ER to another opioid. 

Doing so will result in an overestimation of the dose of the new opioid 
and may result in fatal overdose.

To calculate the estimated daily Zohydro ER dose using this table3:
•  For patients on a single opioid, sum the current total daily dose of the 

opioid and then multiply the total daily dose by the conversion factor to 
calculate the approximate oral hydrocodone daily dose. The daily dose 
should then be divided in half for administration every 12 hours.

•  For patients on a regimen of more than 1 opioid, calculate the approx-
imate oral hydrocodone dose for each opioid and sum the totals to ob-
tain approximate total hydrocodone daily dose. The daily dose should 
then be divided in half for administration every 12 hours.

•  For patients on a regimen of fixed-ratio opioid/non-opioid analgesic 
products, use only the opioid component of these products in the con-
version. Always round the dose down, if necessary, to the appropriate 
Zohydro ER strength(s) available.

Source: Zohydro prescribing information.
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hydrocodone and can lead to overdose or death.3 

Initial Dosing

The dosing regimen of Zohydro ER for each patient should be in-

dividualized based on the patient’s prior analgesic treatment and 

risk factors for misuse, abuse, and addiction to opioids. Patients 

should also be closely monitored for respiratory depression, es-

pecially within the first 24 to 72 hours of initiating therapy with 

Zohydro ER.3

Zohydro ER 50-mg capsules, a single dose of Zohydro ER greater 

than 40 mg, or a total daily dose greater than 80 mg are only for use 

in patients in whom tolerance of an opioid of comparable potency 

has been established.3

Use of Zohydro ER in Patients Who Are Opioid-Naïve 

The starting dose of Zohydro ER for patients who are not opioid tol-

erant is 10 mg orally every 12 hours. Use of higher starting doses 

in patients who are not opioid tolerant may cause fatal respiratory 

depression.3

Patients who are considered opioid tolerant are those receiving, 

for 1 week or longer, at least 60 mg oral morphine per day, 25 mcg 

transdermal fentanyl per hour, 30 mg oral oxycodone per day, 8 mg 

oral hydromorphone per day, 25 mg oral oxymorphone per day, or 

an equianalgesic dose of another opioid.3

Conversion From Other Oral Opioids to Zohydro ER

When treatment with Zohydro ER is initiated, any other around-

the-clock opioid medications should be discontinued. Tables of 

opioid equivalents are available, but there is substantial inter-pa-

tient variability in the relative potency of different opioid drugs and 

products. Therefore, it is preferable to underestimate a patient’s 

24-hour oral hydrocodone requirements and provide rescue med-

ication (eg, immediate-release opioid) rather than overestimate 

the 24-hour oral hydrocodone requirements, which could result in 

potentially serious adverse events, such as life-threatening respi-

ratory depression, overdose, or death. In a Zohydro ER clinical trial 

with an open-label titration period, patients were converted from 

their prior opioid to Zohydro ER using Table 1 as a guide for the 

initial Zohydro ER dose.3 

Patients should be monitored for signs and symptoms of opioid 

withdrawal or for signs of over-sedation/toxicity after converting 

to Zohydro ER. The dose of Zohydro ER can be gradually adjusted, 

preferably at increments of 10 mg every 12 hours every 3 to 7 

days, until adequate pain relief and an acceptable adverse reaction 

profile have been achieved. When the dose of Zohydro ER is calcu-

lated, it should be rounded down if applicable.3

Conversion From Methadone to Zohydro ER

Close monitoring is of particular importance when converting from 

methadone to other opioid agonists. The ratio between methadone 

and other opioid agonists may vary widely as a function of previous 

dose exposure. Methadone has a long half-life and tends to accu-

mulate in the plasma.3

Conversion From Transdermal Fentanyl to Zohydro ER

In patients with a transdermal fentanyl patch, treatment with Zo-

hydro ER can be initiated 18 hours after the patch is removed. 

Although there has been no systematic assessment of such con-

version, a conservative hydrocodone dose, approximately 10 mg 

every 12 hours of Zohydro ER, should be initially substituted for 

each 25 mcg/h fentanyl transdermal patch. The patient should be 

monitored closely because there is limited clinical experience with 

this opioid conversion.3

Titration and Maintenance of Zohydro ER Therapy
The dose of Zohydro ER achieved through titration should provide 

adequate analgesia as well as a minimal side effect profile. Pa-

tients receiving Zohydro ER should be continually monitored to 

ensure that pain control is properly maintained and adverse reac-

tions minimized. Additionally, the need for around-the-clock opioid 

treatment should be reassessed periodically. Patients who experi-

ence breakthrough pain may require their dose of Zohydro ER to be 

increased or may require rescue medication with an appropriate 

dose of an immediate-release analgesic medication. If the level of 

pain increases after dose stabilization, there should be an attempt 

to identify the source of increased pain while adjusting the Zohy-

dro ER dose to decrease the level of pain. As steady-state plasma 

concentrations are reached within 3 days, Zohydro ER dosage ad-

justments, preferably at increments of 10 mg every 12 hours, may 

be done every 3 to 7 days.3

A patient should be closely monitored for signs and symptoms 

of addiction, abuse, or misuse. Frequent communication between 

Table 2. Zohydro ER Taper Schedule Used in Phase 3 Study3

Stabilized Dose at Time 
of Taper Initiation Taper Schedule

20 mg to 30 mg every  
12 hours

•  10 mg every 12 hours on days 1 and 2
•  Day 3, stop

40 mg to 70 mg every  
12 hours

•  40 mg every 12 hours on days 1 and 2
•  20 mg every 12 hours on days 3 and 4
•  10 mg every 12 hours on days 5 and 6
•  Day 7, stop

80 mg to 100 mg every 
12 hours

•  80 mg every 12 hours on days 1 and 2
•  60 mg every 12 hours on days 3 and 4
•  40 mg every 12 hours on days 5 and 6
•  20 mg every 12 hours on days 7 and 8
•  10 mg every 12 hours on days 9 and 10
•  Day 11, stop

Source: Zohydro prescribing information.

© Managed Care &
Healthcare Communications, LLC



74

the prescriber, other members of the healthcare team, patient, 

and caregiver/family during periods of changing analgesic require-

ments are critical.3

Discontinuation of Zohydro ER 
When a patient no longer requires therapy with Zohydro ER, gradu-

al downward titration of the dose every 2 to 4 days should be used 

to prevent signs and symptoms of opioid withdrawal. Zohydro ER 

should not be discontinued abruptly. During the phase 3 clinical 

trial, the taper schedule in Table 2 was used for patients assigned 

to placebo in the treatment phase of the study.3

Doses of Zohydro ER above 100 mg every 12 hours were not 

studied in the phase 3 trial. For patients exceeding 100 mg every 

12 hours, a gradual downward titration of the dose every 2 to 4 

days should be used, similar to the downward titration in patients 

receiving less than 100 mg of Zohydro ER every 12 hours. Patients 

should be monitored closely for signs and symptoms of opioid 

withdrawal, which may indicate a need to titrate the dose down 

more slowly.3

Contraindications
Zohydro ER is contraindicated in patients with significant respira-

tory depression, acute or severe bronchial asthma in an unmoni-

tored setting or in the absence of resuscitative equipment, known 

or suspected paralytic ileus, or hypersensitivity (eg, anaphylaxis) 

to hydrocodone bitartrate or any other ingredients in Zohydro ER.3

Clinical Trials
Zohydro ER was studied in a placebo-controlled trial in opioid-tol-

erant patients with moderate to severe chronic lower back pain. A 

total of 510 subjects currently on chronic opioid therapy entered 

an open-label conversion and titration phase (up to 6 weeks) with 

Zohydro ER dosed every 12 hours at an approximated equianalge-

sic dose of their pre-study opioid medication. These patients were 

converted from their prior medication using Table 1 as a guide for 

the initial dose. The dose of Zohydro ER was increased by 10 mg 

per 12-hour dose once every 3 to 7 days until a stabilized dose was 

identified that provided the patient adequate pain control or until a 

maximum dosage of 100 mg every 12 hours was reached.3

After the open-label conversion period, 302 subjects (59% of 

starting population) were randomized at a ratio of 1:1 into a 12-

week double-blind treatment phase with their fixed stabilized dose 

of Zohydro ER or a matching placebo. The total dose was split in 

half and given every 12 hours (for example, 40 mg daily taken as 

20 mg every 12 hours). Subjects randomized to placebo were given 

a blinded taper of Zohydro ER according to a prespecified tapering 

schedule. During the treatment phase, subjects were allowed to use 

rescue medication (hydrocodone 5 mg/500 mg acetaminophen, up 

to 2 tablets per day). The 12-week treatment phase was completed 

by 124 subjects given Zohydro ER and 59 subjects given placebo.3

Efficacy

Zohydro ER provided greater analgesia compared with placebo. 
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Source: Zohydro prescribing information.
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There was a significant difference in the mean changes from base-

line to week 12 in average weekly pain intensity Numeric Rating 

Scale (NRS) scores between the 2 groups. The percentage of 

patients in each group who demonstrated improvement in their 

NRS pain score at end-of-study compared with initial screening 

is shown in Figure 1. The figure is cumulative, so subjects whose 

change from screening was, for example, 30%, are also included at 

every level of improvement below 30%. Subjects who did not com-

plete the study were classified as nonresponders. Treatment with 

Zohydro ER produced a greater number of responders, defined as 

subjects with at least a 30% improvement, compared with placebo 

(67.5% vs 31.1%).3

Safety and Serious Adverse Events
Adverse reactions that occurred in at least 2% of patients in pla-

cebo-controlled trials included constipation, nausea, somnolence, 

fatigue, headache, dizziness, dry mouth, vomiting, pruritus, ab-

dominal pain, edema peripheral, upper respiratory tract infection, 

muscle spasms, urinary tract infection, back pain, and tremor.3

Concomitant use of Zohydro ER with central nervous system de-

pressants may cause profound sedation, respiratory depression, 

and death. If coadministration is required, dose reduction of 1 or 

both drugs should be considered.3

Elderly, cachectic, debilitated patients, and those with chronic 

pulmonary disease should be monitored closely to minimize the 

risk of developing life-threatening respiratory depression.3

Blood pressure should be monitored during initiation and dose 

titration because it is possible to develop severe hypotension and/

or orthostatic hypotension while taking Zohydro ER.3

Patients with a head injury or increased intracranial pressure 

should be monitored closely for sedation and respiratory depres-

sion. Zohydro ER should not be used in patients who have impaired 

consciousness or coma or who are susceptible to intracranial ef-

fects of CO 2 retention.3

Hepatic Impairment

Patients with hepatic impairment may have higher plasma con-

centrations of hydrocodone than those with normal function. No 

adjustment in starting dose with Zohydro ER is required in patients 

with mild or moderate hepatic impairment. However, in patients 

with severe hepatic impairment, treatment should be initiated at 

the lowest dose of 10 mg every 12 hours. These patients should 

be closely monitored for adverse events such as respiratory de-

pression.3

Renal Impairment

Patients with renal impairment may have higher plasma concen-

trations of hydrocodone than those with normal function. Therapy 

should begin with a low dose of Zohydro ER in patients with renal 

impairment, and they should be monitored closely for respiratory 

depression and sedation.3

Warnings and Precautions
The FDA applied a black box warning to Zohydro ER because of 

high potential for addiction, abuse, and misuse, which can lead 

to overdose and/or death. The warning also covers the high risk 

of developing life-threatening respiratory depression, particularly 

during dose initiation and titration.3

Patients should not drink alcohol while taking Zohydro ER be-

cause of the risk of developing potentially fatal plasma levels of 

hydrocodone as well as risk of death from overdose.3

Initiation of medications that inhibit CYP3A4 enzymes or dis-

continuation of CYP3A4 inducers can result in a fatal overdose of 

hydrocodone from Zohydro ER.3

Although there are no studies regarding the use of Zohydro 

ER in pregnant women, use of any opioid analgesics during preg-

nancy may cause fetal harm and/or neonatal opioid withdrawal 

syndrome. Pregnant women should be advised of the risk to an 

unborn fetus, and the benefits of Zohydro ER use should outweigh 

the risks. If Zohydro ER is administered to a woman during preg-

nancy, the baby should be observed and managed after birth if 

symptoms of neonatal opioid withdrawal syndrome occur, such as 

poor feeding/failure to gain weight, diarrhea, irritability, tremor, 

abnormal sleep patterns, high-pitched crying, rigidity, and/or sei-

zures.3

Accidental ingestion of Zohydro ER, especially in children, may 

result in a fatal overdose of hydrocodone.3

Conclusions
Chronic pain is a growing medical issue that affects an estimated 

2% of the US population; it is also a leading cause of long-term 

disability and results in approximately 50 million lost workdays 

annually in the United States. Opioid use, including proper opioid 

use, exposes patients using these medications to their addictive 

potential. The FDA approval of the abuse-deterrent formulation of 

Zohydro ER represents a milestone in the making of opioids safe 

and effective for use in chronic pain management. 
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Product Profiles: Blincyto | Cresemba | Ibrance | Kybella 

Blincyto (blinatumomab)

Cresemba (isavuconazole) 

Ibrance (palbociclib)

Kybella (deoxycholic acid)

Amgen received approval December 3, 2014, for Blincyto, indi-
cated for the treatment of Philadelphia chromosome-negative 

relapsed or refractory B-cell precursor acute lymphoblastic leukemia. 
The drug has a black box warning for life-threatening or fatal cytokine 
release syndrome, and for life-threatening or fatal neurologic toxici-
ties. Blincyto is contraindicated in patients with known hypersensitiv-
ity to blinatumomab or to any component of the product formulation. 

The label includes additional warnings and precautions: infections, 
tumor lysis syndrome, neutropenia and febrile neutropenia, effects 
on ability to drive and use machines, elevated liver enzymes, leukoen-
cephalopathy, and preparation and administration errors.

A single cycle of treatment of Blincyto consists of 4 weeks of con-
tinuous intravenous infusion followed by a 2-week treatment-free in-
terval (up to a total of 5 cycles). Patients should be premedica ted with 
dexamethasone 20 mg intravenously 1 hour before the first dose of 
Blincyto of each cycle. Blincyto should be administered as a contin-
uous intravenous infusion at a constant flow rate using an infusion 
pump. 

Blincyto is a Pregnancy Category C medication. The most common 
adverse reactions (≥20%) were pyrexia, headache, peripheral edema, 
febrile neutropenia, nausea, hypokalemia, and constipation. Serious 
adverse reactions were reported in 65% of patients.

Source: Blincyto prescribing information. 

P fizer’s Ibrance was approved on February 3, 2015. Ibrance is a 
kinase inhibitor indicated in combination with letrozole for the 

treatment of postmenopausal women with estrogen receptor-posi-
tive, human epidermal growth factor receptor 2-negative advanced 
breast cancer as initial endocrine-based therapy for their metastatic 
disease. Ibrance received accelerated approval based on progres-
sion-free survival. Continued approval may be contingent on verifica-
tion and description of clinical benefit in a confirmatory trial.

Neutropenia may occur in patients being treated with Ibrance. Com-
plete blood counts should be taken, and patients should be monitored 
for signs and symptoms of infection; dosing should be withheld as ap-
propriate. Ibrance capsules are taken orally with food in combination 
with letrozole.

Based on findings in animals and the mechanism of action, Ibrance 
can cause fetal harm when administered to a pregnant woman. Women 
who are nursing should be advised to discontinue breastfeeding during 
treatment. Females of reproductive potential should be advised to 
use effective contraception during treatment and for at least 2 weeks 
after the last dose. The most common adverse reactions (incidence 
≥10%) were neutropenia, leukopenia, fatigue, anemia, upper respira-
tory infection, nausea, stomatitis, alopecia, diarrhea, thrombocytope-
nia, decreased appetite, vomiting, asthenia, peripheral neuropathy, and 
epistaxis.

Source: Ibrance prescribing information.

A stellas/Basilea Pharmaceutica received approval March 6, 
2015, for Cresemba for patients at least 18 years of age in the 

treatment of invasive aspergillosis and invasive mucormycosis (also 
known as zygomycosis). Cresemba is contraindicated in patients who 
have hypersensitivity to the drug. It should not be coadministered with 
strong CYP3A4 inhibitors or strong CYP3A4 inducers, and it should not 
be used in patients with familial short QT syndrome. 

In patients being treated with Cresemba, serious hepatic reactions 
have been reported. Infusion-related reactions were reported during 
intravenous administration. Serious hypersensitivity and severe skin 
reactions, such as anaphylaxis or Stevens Johnson syndrome, have 
been reported during treatment with other azole antifungal agents. 
Cresemba should be discontinued if patients have exfoliative cuta-
neous reactions. The label also carries a warning for embryo-fetal 
toxicity: the drug should not be administered to pregnant women 
unless the benefit to the mother outweighs the risk to the fetus. Preg-
nant patients should be informed of the hazard. Mothers should not 
breastfeed children while taking Cresemba. The intravenous formula-
tion may form insoluble particulates after reconstitution. Cresemba 
should be administered through an in-line filter. Cresemba should be 
used in patients with severe hepatic impairment only when the ben-
efits outweigh the risks; clinical monitoring for adverse reactions is 
recommended. 

Source: Cresemba prescribing information.

K ythera Biopharmaceuticals received approval for Kybella on 
April 29, 2015. Kybella is a cytolytic drug indicated for improve-

ment in the appearance of moderate to severe convexity or fullness 
associated with submental fat in adults. Limitation of use: The safe 
and effective use of Kybella for the treatment of subcutaneous fat 
outside the submental region has not been established and is not 
recommended. Kybella is contraindicated in the presence of infection 
at the injection sites.

Kybella is administered as 0.2-mL injections spaced 1 cm apart 
until all sites in the planned treatment area have been injected. Up 
to 50 injections or 10 mL may be injected in a single treatment. Up 
to 6 single treatments may be administered at intervals no less than 
1 month apart.

The label includes a warning for marginal mandibular nerve injury; 
injection technique should be followed to avoid this injury. Dysphagia 
may occur with Kybella use. Use in patients with preexisting dyspha-
gia may exacerbate the condition. Submental hematoma/bruising oc-
curs frequently after Kybella administration. Kybella should be used 
with caution in patients who are being treated with antiplatelet or 
anticoagulant therapy or have coagulation abnormalities. Injecting in 
proximity to vulnerable anatomic structures should be avoided be-
cause of the increased risk of tissue damage.

Source: Kybella prescribing information.
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Lenvima (lenvatinib) 

Natpara  (parathyroid hormone)

Rapivab (peramivir)

Raplixa (fibrin sealant [human])

On February 13, 2015, Eisai received approval for Lenvima, a ki-
nase inhibitor indicated for the treatment of patients with locally 

recurrent or metastatic, progressive, radioactive iodine-refractory differ-
entiated thyroid cancer.

Lenvima should be withheld in cases of grade 3 hypertension despite 
optimal hypertensive therapy and should be discontinued in life-threat-
ening hypertension. Patients should be monitored for cardiac decompen-
sation; Lenvima should be withheld in grade 3 cardiac dysfunction and 
discontinued in grade 4 or after an arterial thromboembolic event. Liver 
function tests should be monitored; Lenvima should be withheld in cases 
of grade 3 or greater liver impairment and discontinued if there is hepa-
tic failure. Patients should be monitored for proteinuria; Lenvima should 
be withheld if there are 2 grams or more proteinuria for 24 hours. The 
drug should be discontinued in cases of nephrotic syndrome. The drug 
should be withheld in cases of grade 3 or 4 renal failure/impairment 
and discontinued in patients who develop gastrointestinal perforation 
or life-threatening fistula. Electrolyte abnormalities should be monitored 
and corrected. Lenvima should be withheld if grade 3 or greater QT inter-
val prolongation develops. Blood calcium levels should be monitored at 
least monthly. Lenvima should be withheld in cases of reversible poste-
rior leukoencephalopathy syndrome until fully resolved. The drug should 
also be withheld in cases of grade 3 hemorrhage and discontinued in 
grade 4 hemorrhage. 

Source: Lenvima prescribing information.

B ioCryst Pharmaceuticals received approval December 22, 2014, 
for Rapivab, an influenza virus neuraminidase inhibitor indica-

ted for the treatment of acute uncomplicated influenza in patients 18 
years or older who have been symptomatic for no more than 2 days. 
Limitations of use: Efficacy was based on clinical trials in which the 
predominant influenza virus type was influenza A; a limited number 
of subjects infected with influenza B virus were enrolled. Available 
information on influenza drug susceptibility patterns and treatment 
effects should be considered when deciding whether to use. Efficacy 
could not be established in patients with serious influenza requiring 
hospitalization.

Serious skin/hypersensitivity reactions such as Stevens-Johnson 
syndrome and erythema multiforme have occurred with Rapivab. Neu-
ropsychiatric events: patients with influenza may be at an increased 
risk of hallucinations, delirium and abnormal behavior early in their 
illness. Patients should be monitored for signs of abnormal behavior. 
The most common adverse reaction (incidence >2%) is diarrhea. Use 
of intranasal live attenuated influenza vaccine should be avoided within 
2 weeks before or 48 hours after administration of Rapivab, unless 
medically indicated. Rapivab should be used during pregnancy only if 
the benefit outweighs the risk. Caution should be exercised when ad-
ministering Rapivab to a patient who is breastfeeding.

Source: Rapivab prescribing information.

N PS Pharmaceuticals, which was acquired by Shire in February, 
received approval January 23, 2015, for Natpara, indicated as 

an adjunct to calcium and vitamin D to control hypocalcemia in pa-
tients with hypoparathyroidism. 

Natpara is supplied as a multiple dose, dual-chamber glass car-
tridge containing a sterile lyophilized powder and a sterile diluent for 
reconstitution in 4 dosage strengths for injection: 25 mcg, 50 mcg, 
75 mcg, or 100 mcg.

Because of the potential risk of osteosarcoma, Natpara should be 
prescribed only to patients who cannot be well controlled on calcium 
and active vitamin D; use of Natpara should be avoided in patients 
who are at increased risk for osteosarcoma. As a precaution against 
severe hypercalcemia, serum calcium should be monitored when 
starting or adjusting the dose of Natpara and when making changes 
to coadministered drugs known to raise serum calcium. Severe hy-
pocalcemia can occur with interruption or discontinuation of Natpara 
treatment; serum calcium should be monitored, and calcium and vi-
tamin D should be replaced. Hypercalcemia increases the risk of di-
goxin toxicity. In patients using Natpara concomitantly with digoxin, 
serum calcium should be monitored more frequently, and monitoring 
should be increased when initiating or adjusting the dose of Natpara. 

Source: Natpara prescribing information.

T he Medicines Company’s subsidiary ProFibrix BV received ap-
proval on April 30, 2015, for Raplixa as an adjunct to hemosta-

sis for mild to moderate bleeding in adults undergoing surgery when 
control of bleeding by standard surgical techniques (such as suture, 
ligature, and cautery) is ineffective or impractical. Raplixa is used in 
conjunction with an absorbable gelatin sponge and is applied directly 
or using the RaplixaSpray device. Raplixa is not intended to be used 
intravascularly, for the treatment of severe or brisk arterial bleeding, 
or in patients known to have anaphylactic or severe systemic reac-
tions to human blood products.

Thromboembolic events may result from intravascular application 
of Raplixa. Air or gas embolism can occur when using air- or gas-pres-
surized sprayers to administer fibrin sealants; the device should be 
operated according to the manufacturer’s instructions. Raplixa may 
carry a risk of transmitting infectious agents, such as viruses, and 
theoretically, the Creutzfeldt-Jakob disease agents, despite manufac-
turing steps designed to reduce the risk of viral transmission. Aller-
gic-type hypersensitivity reactions may occur. If allergic-type hyper-
sensitivity symptoms occur, administration should be discontinued 
immediately. The most commonly reported adverse reactions (>5% 
of patients) were procedural pain, nausea, constipation, pyrexia, and 
hypotension.

Source: Raplixa prescribing information.
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Revlimid (lenalidomide)

Triferic (ferric pyrophosphate citrate)

Xtoro (finafloxacin otic suspension)

Zarxio (filgrastim) 

Celgene Corporation received an expanded indication for Revlim-
id, in combination with dexamethasone, on February 8, 2015, 

to include patients with newly diagnosed multiple myeloma. Revlimid 
was previously approved for transfusion-dependent anemia due to 
low- or intermediate-1-risk myelodysplastic syndromes associated 
with a deletion 5q abnormality with or without additional cytogenetic 
abnormalities, and for mantle cell lymphoma in patients whose dis-
ease has relapsed or progressed after 2 prior therapies.

Revlimid carries black box warnings for embro-fetal toxicity, he-
matologic toxicity, and venous and arterial thromboembolism. The 
drug is contraindicated in patients with hypersensitivity to lenalido-
mide. Among other warnings and precautions, higher incidences of 
second primary malignancies were observed in controlled trials of 
patients with multiple myeloma.

For patients with multiple myeloma, Revlimid is administered at 
25 mg once daily orally on days 1 to 21 of repeated 28-day cycles. 
Patients who are pregnant or nursing should discontinue the drug, 
taking into consideration the importance of the drug to the  mother. 
The most common adverse reactions in patients with multiple my-
eloma (≥20%) include anemia, insomnia, muscle cramp/spasms, 
back pain, asthenia, upper respiratory tract infection, dizziness, de-
creased appetite, and tremor.

Source: Revlimid prescribing information.

X toro by Alcon Laboratories, approved December 17, 2014, is a 
quinolone antimicrobial indicated for the treatment of acute oti-

tis externa caused by susceptible strains of Pseudomonas aeruginosa 
and Staphylococcus aureus.

Prolonged use of Xtoro may lead to overgrowth of nonsusceptible 
organisms. Allergic reactions may occur in patients with a history of 
hypersensitivity to finafloxacin, other quinolones, or any of the compo-
nents in this medication. Cross-resistance has been observed between 
finafloxacin and other fluoroquinolones but not between finafloxacin 
and other classes of antibacterial agents. Patients should be advised 
that if a rash or allergic reaction occurs, they should discontinue the 
use of the product immediately and contact their physician. Before 
administration of Xtoro, patients or caregivers should warm the bottle 
by holding it in their hands for 1 or 2 minutes to avoid dizziness that 
may result from the instillation of a cold solution. 

Xtoro is administered by instilling 4 drops in the affected ear(s) 
twice daily for 7 days. For patients requiring use of an ear wick, the 
initial dose can be doubled (to 8 drops), followed by 4 drops instilled 
into the affected ear twice daily for 7 days. Dosage form and strength: 
5 mL of finafloxacin otic suspension, 0.3%, in an 8-mL bottle. Xtoro 
is a Pregnancy Category C medication. The most common adverse 
reactions, occurring in 1% of patients, were ear pruritus and nausea.

Source: Xtoro prescribing information.

Rockwell Medical received approval for Triferic on January 23, 
2014, indicated for the replacement of iron to maintain hemo-

globin in adult patients with hemodialysis-dependent chronic kidney 
disease.

Patients should be observed for signs and symptoms of hypersen-
sitivity during and after hemodialysis until they are clinically stable. 
Triferic is not intended for use in patients receiving peritoneal dial-
ysis, and it has not been studied in patients receiving home hemo-
dialysis. 

Triferic is administered by adding 1 ampule to 2.5 gallons of bicar-
bonate concentrate to achieve a final concentration of Triferic iron 
(III) in the final hemodialysate of 2 µM (110 mcg/L). Dosage form 
and strength: ampule, 27.2 mg of iron (III) per 5 mL or 5.44 mg of 
iron (III) per mL.

Triferic is a Pregnancy Category C medication. The most common 
adverse reactions in controlled clinical studies included headache, 
peripheral edema, asthenia, arteriovenous fistula thrombosis, uri-
nary tract infection, arteriovenous fistula site hemorrhage, pyrexia, 
fatigue, procedural hypotension, muscle spasms, pain in extremity, 
back pain, and dyspnea.

Source: Triferic prescribing information.

Zarxio by Sandoz, approved March 6, 2015, is functionally equiva-
lent to Amgen’s Neupogen; the only major advantage of Zarxio is 

cost. Zarxio can be prescribed for patients with nonmyeloid malignancies 
who are receiving myelosuppressive chemotherapy, patients with acute 
myeloid leukemia (AML) who are receiving induction or consolidation 
chemotherapy, patients with nonmyeloid malignancies who are undergo-
ing bone marrow transplantation (BMT), patients undergoing autologous 
peripheral blood progenitor cell collection and therapy, and patients with 
severe chronic neutropenia. The drug is contraindicated in patients with 
hypersensitivity to human granulocyte colony-stimulating factors. 

Patients should be evaluated for an enlarged spleen or splenic rup-
ture and for acute respiratory distress syndrome; Zarxio should be 
discontinued in patients with serious allergic reactions, including ana-
phylaxis. Fatal sickle cell crises have occurred. Zarxio should be used 
during pregnancy only if the potential benefit justifies the potential risk 
to the fetus. The most common adverse reactions in patients with non-
myeloid malignancies receiving myelosuppressive anti-cancer drugs 
were pyrexia, pain, rash, cough, and dyspnea; in AML: pain, epistaxis and 
rash; in nonmyeloid malignancies in patients undergoing myeloablative 
chemotherapy followed by BMT: rash; in peripheral blood progenitor cell 
mobilization and collection: bone pain, pyrexia and headache; in severe 
(symptomatic) chronic neutropenia: pain, anemia, epistaxis, diarrhea, 
hypoesthesia, and alopecia.

Source: Zarxio prescribing information.
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The following table lists the expected Prescription Drug User Fee Act (PDUFA) FDA approval dates for selected 
treatments during the remainder of 2015. Some of the drugs are already approved for other indications; only the new 
indications are listed.

Product PDUFA Date Company

Fycompa (perampanel) for primary generalized tonic-clonic seizures June 19, 2015 Eisai

Praluent (alirocumab) for hypercholesterolemia July 24, 2015 Sanofi/Regeneron

Kyprolis (carfilzomib) for relapsed multiple myeloma July 26, 2015 Amgen

Talimogene laherparepvec (T-VEC) for melanoma July 28, 2015 Amgen

Zelboraf (vemurafenib) for BRAF V600 mutation–positive advanced  
melanoma

August 11, 2015 Genentech

Adcetris (brentuximab vedotin) for posttransplant Hodgkin lymphoma August 18, 2015 Seattle Genetics

Aripiprazole lauroxil for schizophrenia August 22, 2015 Alkermes

Repatha (evolocumab) for cholesterol August 27, 2015 Amgen

Opdivo (nivolumab) for previously untreated advanced melanoma August 27, 2015 Bristol-Myers Squibb

LCZ696 for heart failure August 2015 Novartis

Rolapitant for chemotherapy-induced nausea and vomiting prevention September 5, 2015 Tesaro

Kanuma (sebelipase alfa) for late-onset lysosomal acid lipase deficiency September 8, 2015 Synageva BioPharma

Patiromer for oral suspension for hyperkalemia October 21, 2015 Relypsa

BEMA buprenorphine for pain severe enough to require daily, around-the-
clock, long-term opioid treatment for which alternative treatment options are 
inadequate

October 23, 2015
Endo/BioDelivery 
Sciences

Captisol-enabled melphalan conditioning prior to autologous stem cell  
transplant for multiple myeloma

October 23, 2015 Spectrum

Lifitegrast for the treatment for dry eye disease October 25, 2015 Shire

Yervoy (ipilimumab) for the adjuvant treatment of patients with stage III 
melanoma

October 28, 2015 Bristol-Myers Squibb

Elvitegravir, cobicistat, emtricitabine, tenofovir alafenamide for HIV November 6, 2015 Gilead Sciences

Yondelis (trabectedin) for advanced soft tissue sarcoma November 24, 2015 Janssen

Androxal (enclomiphene citrate) for secondary hypogonadism November 30, 2015 Repros Therapeutics

BAX-855 for hemophilia A December 1, 2015 Baxter

BAY-818973 for hemophilia A December 17, 2015 Bayer

BAX-111 for Von Willebrand disease December 22, 2015 Baxter

Uptravi (selexipag) for pulmonary arterial hypertension December 22, 2015 Actelion

Apaziquone for bladder cancer December 31, 2015 Spectrum

Xifaxan (rifaximin)for diarrhea-associated irritable bowel syndrome 2015 Salix/Valeant

Exparel (bupivacaine liposome injectable suspension) as nerve block 2015 Pacira

Carbella (Captisol-enabled carbamazepine) intravenous for epilepsy 2015 Lundbeck

MNK-155 for pain 2015 Mallinckrodt

Nebivolol/valsartan for hypertension 2015 Actavis

Products in the Pipeline
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Product ProfilesProduct Profiles: Viekira Pak (ombitasvir, paritaprevir, and ritonavir tablets; dasabuvir tablets)
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