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Clinical Implications for Optimal Treatment
in Major Depressive Disorder
Jair C. Soares, MD, PhD
For a CME/CNE version of this article, please go to www.namcp.org/cmeonline.htm, and then click the activity title.

Summary
Depression is prevalent and costly. The understanding of the mechanisms of this
disease has improved with functional brain imaging. There are many effective treatments available, but these are not effective in all patients. There is still a need for
new treatments for those who have resistant depression.
Key Points
• Major depression has significant financial and personal costs.
• Untreated or undertreated disease has significant long-term negative impact on
the brain.
• Ten to 33 percent of MDD patients are treatment resistant.
• Antidepressants, electroconvulsive therapy, and transcranial magnetic
stimulation are all treatment options.
• Additional treatment options are under investigation.

MAJOR DEPRESSIVE DISORDER (MDD) IS
one of the most prevalent neuropsychiatric syndromes. The prevalence is 17 percent over one’s lifetime and 7 percent over one year.1 It is also costly on
many fronts. It is the number one cause of years lost
due to disability and the number three contributor
to overall burden of disease across the world.2 MDD
is the number one contributor to burden of disease
in middle- and high-income countries. Sixty-three
percent of depressed patients have severely impaired quality of life.3 MDD results in the doubling
of overall health care costs.4 Depression worsens
many chronic diseases, which increases costs. Lastly,
MDD is deadly. It is the number one mental illness
contributing to suicide and results in increased allcause mortality.5-7
Research on MDD has lagged behind research
in other conditions such as cancer, but things are
changing. Mental health issues have gained greater

acceptance as medical conditions, but the stigma of
mental illness still exists. Many people still view depression as a character flaw rather than a brain disease, and they fail to seek help.
Exhibit 1 outlines the classification of mood disorders. Depressive disorders are classified into MDD,
dysthymic disorder, and depressive disorder not
otherwise specified (NOS). Major depressive disorder can be characterized by the presence of a single
major depressive episode or the presence of two or
more major depressive episodes. Dysthymic disorder is characterized by a depressed mood for most
of the day, for more days than not, as indicated by
either subjective account or observation by others,
for at least two years. The depressive disorder NOS
category includes disorders with depressive features
that do not meet the criteria for major depressive
disorder, dysthymic disorder, adjustment disorder
with depressed mood, or adjustment disorder with
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Exhibit 1: Classification of Mood Disorders

Mood Disorders
Bipolar Disorders

Bipolar I
disorder

Cyclothymic
disorder

Depressive Disorders

Bipolar
disorder
NOS

Bipolar II
disorder

mixed anxiety and depressed mood.
It is important to identify and treat MDD because
untreated and undertreated disease has long-term
impact on the brain. As shown in Exhibit 2, depression, stress, and concomitant conditions all pay a
role in affecting the brain.8 Depression reduces the
width of brain sulci, increases neuronal atrophy, and
leads to alterations in neuroanatomy which can be
demonstrated on brain imaging. Essentially, depression can result in a chronic neuro-inflammatory
condition. Overall, chronic depression produces
functional and structural changes in the brain which
are best prevented because they cannot be reversed.
Quick screening tools can be used for screening in
primary care and other medical settings. Clinicians
should consider screening all patients, especially those
with chronic diseases that increase risk of MDD.
Genetics play a role in the development of MDD
but which genes are involved is still being investigated. Other risk factors for MDD include childhood
abuse, domestic violence, major life stressors (divorce,
loss of job, etc.), and various chronic diseases and
conditions. About half of those who have an episode
of MDD will not have another episode. The rest will
have recurrent episodes or a chronic presentation.
The American Psychiatry Association has
guidelines for managing MDD.9 Comprehensive treatment strategies from these guidelines include relieving acute symptoms and
preventing/reducing recurrences, assessing and
treating comorbid psychiatric and/or medical conditions, assessing relevant psychosocial issues and
intervening when appropriate, maximizing treatment compliance, and preventing negative outcomes. All of these treatment strategies should be
implemented as needed to provide the best outcome

Major
depressive
disorder

Single
episode

Dysthymic
disorder

Depressive
disorder
NOS

Recurrent

in MDD treatment.
There is a wide range of antidepressants available
for MDD. Each class has advantages and disadvantages. The best results can be obtained by combining psychosocial interventions and medication.
Unfortunately, our current medications and psychotherapy are no more effective than in the 1950s.10,11
Electroconvulsive therapy (ECT, circa 1938) is still
the most effective depression treatment, with a 50
to 70 percent remission rate. Unfortunately, greater
than 50 percent of those who receive ECT will relapse within six months.12,13
Ten to 33 percent of MDD patients are treatment
resistant. Factors involved in treatment resistance
include untreated alcoholism and substance abuse,
other comorbid psychiatric illnesses (anxiety disorders, ADHD, personality disorders), poor social
support, poor adherence to treatment, and neurocognitive impairment. Nonadherence may be due
to denial, medication adverse effects, financial barriers, and other barriers. ECT is the gold standard for
treatment- resistant disease.
Transcranial magnetic stimulation (TMS) is
a relatively new treatment for depression; it was
FDA approved in 2008. The therapy involves using a magnet to target and stimulate certain areas of the brain. Repetitive TMS (rTMS) efficacy
is comparable to atypical antipsychotics in treatment-resistant depression and antidepressants in
MDD but inferior to ECT.14-16 Treatment sessions
last anywhere from 30 to 60 minutes and are given
five times a week. The treatment duration usually
lasts between three to six weeks. This number of
weeks could be shorter or longer depending on the
individual’s response.
Some novel treatments are on the horizon. Tran-
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Exhibit 2: Neuroimaging Brain Effects of Mood Disorders

Neuroanatomy
changes
Stress

Co-Morbid
Illness

Depression

Genetics

scranial direct current stimulation (tDCS) is under
investigation. Effect sizes for tDCS are in similar
range to rTMS and antidepressants.17 Deep brain
stimulation is also under investigation. Very good responses are being seen with DBS in resistant MDD.18
Anti-inflammatory agents including celecoxib, a cyclooxygenase two inhibitor for pain, and infliximab,
a tumor necrosis factor inhibitor approved for various autoimmune diseases, have been investigated as
possible adjuncts to antidepressants.19,20

Available at www.who.int. Accessed 7/28/17.
3. Rappaport MH, Clary C, Fayyad R, Endicott J. Quality of life impairment
in depressive and anxiety disorders. Am J Psychiatry 2005; 162:1171–8.
4. Unützer J, Schoenbaum M, Katon WJ, et al. Healthcare costs associated with
depression in medically fee-for-service Medicare participants. J Am Geriatr Soc.
2009;57(3):506-10.
5. Centers for Disease Control. Suicide Prevention. Available at http://www.
cdc.gov/violenceprevention/suicide. Accessed 7/29/17.
6. Lin EH, Heckbert SR, Rutter CM, et al. Depression and increased mortality
in diabetes: unexpected causes of death. Ann Fam Med. 2009;7(5):414-21
7. Nabi H, Shipley MJ, Vahtera J, et al. Effects of depressive symptoms and

Conclusion

coronary heart disease and their interactive associations on mortality in middle-

Major depressive disorder is etiologically heterogeneous and polygenic. The development of depression occurs in someone with biological vulnerability
interacting with psychosocial factors. There is definitely a need for more education of the general population and health care providers about the dangers
of not treating depression and the need for systematic screening. There is also a need to understand the
causes/mechanisms of depression and development
of better treatments.
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9. Gelenberg AJ, Freeman MP, Markowitz JC, et al. Practice Guideline for the
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Psychiatric Association. 2010. Available at http://psychiatryonline.org. Accessed 7/29/17.
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Advances in LDL-C Reduction:
A Strategic Look at the Effectiveness of PCSK9
Inhibitors
R. Scott Wright, MD, FACC, FESC, FAHA
For a CME/CNE version of this article, please go to www.namcp.org/cmeonline.htm, and then click the activity title.

Summary
There has been a need for more effective lipid-lowering agents because not all
patients can achieve adequate lowering with the traditional oral agents, nor do all
patients tolerate these agents. A new class, the PCSK9 inhibitors, provides major
efficacy and appears to reduce clinical outcomes.
Key Points
• The PCSK9 pathway is the major regulator of LDL-C in the body.
• Two available PCSK9 inhibitors provide dramatic LDL-C reductions in combination
with background diet and maximized statin therapy.
• Some data demonstrate that these agents improve cardiovascular outcomes.
• More data on long-term effects are forthcoming.

THERE ARE THREE MAJOR PATHWAYS TO
regulate cholesterol content in the body. These are
gastrointestinal (GI) absorption, hepatic clearance of
low-density lipoprotein cholesterol (LDL-C), and
cellular synthesis of cholesterol. The gut is lined
with receptors (Niemann-Pick C1-Like 1 [NPC1L1]
and Proprotein convertase subtilisin/kexin type
9 [PCSK9]), which facilitate cholesterol absorption and reabsorption from food. Medications like
ezetimibe, cholestyramine and others work via the
NPC1L1 pathway and other intestinal sources. Contribution to total body cholesterol of GI absorption
is variable, but is likely 20 to 25 percent. Clearance
of LDL-C from the blood occurs in the liver, which
has a large surface area and a significant density of
LDL-C clearance receptors (LDL-R) which are regulated by the PCSK9 protein. A deficiency or malfunction of these hepatic receptors results in familial
hyperlipidemia (FH). Additionally, receptor density
changes with aging; as people get older they have
fewer receptors. Medications, such as statins, pro-

mote the expression of the LDL-R. Lastly, the liver
and other tissues can synthesize cholesterol. This is
the traditional biochemical pathway involving acetyl CoA to mevalonate to squalene. This pathway is
inhibited by statins at HMG-CoA reductase and inhibited by propionic acid from soluble dietary fiber
at HMG-CoA synthase. The cholesterol synthesis
pathway is probably responsible for approximately
40 percent of the total body cholesterol.
PCSK9 is a highly conserved protein family that
regulates the concentration of esterified cholesterol
in the cytoplasm of tissue by regulating the lifespan
of the LDL-R.1 PCSK9 is highly expressed in the
liver, small intestine, and kidneys.2 It has other roles
beyond the LDL-R that are less well understood.
Interestingly, PCSK9 is expressed in the retina, but
its role there is unclear.
Overall, the PCSK9 pathway is the major regulator of LDL-C in the body. Genetic mutations in
this pathway have profound consequences on the
development of atherosclerosis and subsequent vas-
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Exhibit 1: Impact of PCSK9 Inhibitors on Clinical Outcomes11,12

Study

MACE

Alirocumab 150 mg or placebo SC Q2W for 78 weeks in high risk pts
on max-tolerated statin with LDL-C > 70

1.7% vs 3.3%

Evolocumab 140 mg SC Q2W or 420 mg SC QM + SOC or SOC for 48
weeks

0.95% vs 2.18%

MACE = major adverse cardiovascular events (Coronary heart
disease death, Nonfatal myocardial infarction, Fatal/nonfatal
ischemic stroke, unstable angina requiring hospitalization)
Q2W = every two weeks
SC = subcutaneous
QM = every month
SOC = standard of care lipid lowering

cular disease. Gain-of-function (GOF) mutations in
PCSK9 result in increased PCSK9 function, which
leads to decreased LDL-R recycling to the cell surface. This results in an autosomal dominant hypercholesterolemia (ADH) with increased plasma LDL
levels and increased risk of developing premature
coronary heart disease (CHD).1,3 PCSK9 GOF mutations are associated with a clinical phenotype that
is similar to FH caused by mutations in the LDL-R
and apoB genes. In addition to increased coronary
heart disease (CHD) risk, individuals with GOF
mutations may be at an increased risk for premature
myocardial infarction (MI) and stroke.
Mutations in the human PCSK9 gene that lead to
a loss of PCSK9 function are found in 1 to 3 percent
of the population.4,5 These loss-of-function (LOF)
mutations are associated with lower levels of circulating PCSK9, lower plasma LDL-C levels, and a
lower incidence of CHD. Missense LOF mutations
associated with hypocholesterolemia have been reported in global population studies and are associated with reductions in plasma levels of TC and
LDL-C, protection from CHD, and reduced risk of
early-onset MI.4,6,7
Other than genetic alterations, various other
things may alter PCSK9 levels in the body. Concentrations vary widely among those with normal
genetic expression.3 Prolonged fasting may elevate
levels. Exercise does not impact PCSK9 levels or at
least there are no data yet to support this. Statins
up-regulate expression of PCSK9. Pharmacological
manipulation of the pathway can bring LDL-C values in plasma to 0 mg/dl for a short time before the
body’s counter-regulatory pathways kick in. There
are currently two /FDA approved monoclonal antibodies which reduce plasma PCSK9 levels and lower

LDL-C - alirocumab (Praluent ®) and evolocumab
(Repatha®).
These two PCSK9 inhibitors are indicated as an
adjunct to diet and maximally tolerated statin therapy for the treatment of adults with heterozygous
familial hypercholesterolemia (HeFH) or clinical
atherosclerotic cardiovascular disease (CVD), who
require additional lowering of low- density lipoprotein cholesterol (LDL-C). Alirocumab is self-administered subcutaneously as 75mg or 150 mg every
two weeks or 300 mg once a month using a singleuse prefilled autoinjector. The monthly dose is given as two separate injections at two different sites.
Evolocumab is self-administered subcutaneously
140 mg every two weeks or 420 mg once a month.
The monthly dose of evolocumab is given using a
single-use on-body infusor with prefilled cartridge
over nine minutes, or as three separate injections in
a row, using a different single-use prefilled autoinjector for each injection. All three injections should
be given within 30 minutes. The most common adverse effects with these two agents include: runny
nose, sore throat, symptoms of the common cold, flu
or flu-like symptoms, back pain, and redness, pain,
or bruising at the injection site. Adverse effects with
these two agents do not appear to be any higher than
those seen with usual lipid-lowering therapy. Being
monoclonal antibodies, allergic reactions to these
agents can occur.
These agents are very effective in lowering LDLC. On a background of maximally-tolerated statin
therapy, with or without other lipid-lowering
agents, alirocumab maintained consistent LDL-C
reductions of 50 to 67 percent with every two-week
dosing and 43 percent with monthly dosing.8 In addition to atorvastatin 10 to 40 mg/day, LDL-C is
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Exhibit 2:Cost-Effective Results14
Patients with FH

Person/yr
of treatment
(millions)

Total
MACE
averted

NNT

Statin

QALYs
gained

Incremental
drug costs
(millions)

Incremental
costs, other
CV care
(millions)

ICER
($/QALY)

comparator

Statin +
Ezetimibe

22.3

115,900

77

250,600

40,359

-6,632

135,000

Statin +
PCSK9
inhibitor

23.7

324,200

28

665,200

210,516

-17,304

290,000

Statin-Intolerant Patients with a Prior History of CVD
Control
(no additional
lipidlowering
therapy)

Ezetimibe
PCSK9
inhibitor

comparator

85

446,100

56

847,000

138,560

-15,961

145,000

85.4

1,254,400

21

2,366,000

693,450

-44,627

274,000

Patients With a Prior History of CVD and LDL-C ≥70mg/dL on Statin Therapy

Statin

comparator

Statin +
Ezetimibe

409.1

2,253,800

51

4,345,900

673,155

-85,520

135,000

Statin +
PCSK9
inhibitor

416.9

5,621,800

21

10,573,800

3,406,692

-210,702

302,000

MACE = major adverse cardiovascular events (Coronary heart disease death, Nonfatal myocardial infarction, Fatal/nonfatal ischemic stroke,
unstable angina requiring hospitalization)
Q2W = every two weeks
SC = subcutaneous
QM = every month
SOC = standard of care lipid lowering

lowered by 42 to 66 percent with every two-week
dosing and 50 percent with every four-week dosing
of evolocumab.8-10
Although effective in lowering LDL-C, clinicians want to know if these agents have an effect on
clinical outcomes. In a 78-week trial (blinded, 2,341

high-risk patients on a maximally-tolerated statin
with LDL-C > 70, randomized to alirocumab 150
mg or placebo SC Q2W ), alirocumab reduced major cardiovascular events (MACE) compared to placebo (Exhibit 1).10 MACE is the combined outcome
measure of CHD death, nonfatal MI, fatal/nonfatal
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ischemic CVA, and unstable angina requiring hospitalization. In the open label extension study of 4,465
patients randomized to evolocumab 140 mg SC every
two weeks or 420 mg SC monthly plus standard of
care (SOC) or SOC for 48 weeks, evolocumab treatment reduced MACE compared to placebo (Exhibit
1).12 A meta-analysis of PCSK9 inhibitors favored
these agents for all-cause and cardiovascular mortality and MI and found that they reduced risk about
50 percent.13 There are ongoing outcomes trials in
different patient populations with these two agents.
Cost has been the major issue with these agents.
One year of a PCSK9 inhibitor is over $14,000.
Compared to other countries, the United States
market is much more expensive. An economic review by the Institute of Clinical and Economic
Review examined various scenarios for using the
PCSK9 inhibitors (Exhibit 2).14 For example, in FH,
this analysis found that adding PCSK9 inhibitors to
current treatment averted 324,200 MACE and produced 665,200 additional quality-adjusted life years
(QALYs), producing an incremental cost-effectiveness ratio of $290,000/QALY.
In clinical practice, these agents are being used
primarily in FH patients. In addition to FH, statin
intolerance, secondary prevention with elevated
CVD risk but with LDL-C not at target, post-acute
coronary syndrome, and diabetics who have had a
revascularization are some of the possible patient
populations to consider treating with a PCSK9 inhibitor.
Other lipid-lowering therapies may be coming
to market in the next few years. Anti-sense injectable therapies that may ultimately allow less frequent
dosing (once or twice per year), vaccination against
PCSK9, and an oral inhibitor of PCSK9 are all under investigation.

in the Department of Cardiology at the Mayo Clinic in Rochester, MN.
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Clinical Updates in the Treatment and
Management of Pulmonary Arterial Hypertension
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Summary
Although a rare disease, pulmonary arterial hypertension (PAH) is expensive to
treat. Without treatment, it is a uniformly fatal disease. The available treatments
have been shown to reduce morbidity and mortality.
Key Points
• Untreated PAH is a highly lethal disease.
• Getting the diagnosis right is vital for PAH.
• There are effective treatments available, including oral agents.

PULMONARY HYPERTENSION (PH) IS ELevated pressures within the lungs and is defined as a
mean pulmonary artery pressure (PAP) greater than
or equal to 25 mm Hg at rest during right heart
catheterization. PH is common in the community
and associated with an increased risk for all-cause
mortality, even in individuals with no known cardiopulmonary disease. Up to 20 percent of the
United States (U.S.) population has echocardiogram
evidence of PH.1
Pulmonary arterial hypertension (PAH) is a subset
of PH characterized by the presence of precapillary
PH, including an end-expiratory pulmonary arterial wedge pressure (PAWP) less than or equal to 15
mm Hg and pulmonary vascular resistance (PVR)
greater than three Wood units.2,3 This is a disease of
the pulmonary vasculature and is not related to left
sided heart disease; it is not a common condition.
PAH can be idiopathic, heritable, drug- and toxininduced, persistent PH of the newborn or associated
with connective tissue disease (e.g., scleroderma),

HIV infection, portal hypertension, or schistosomiasis. There are several genes associated with heritable PAH which can be identified through testing.
The most common is a mutation in bone morphogenetic protein receptor type 2 (BMPR2).
Various prescription medications and illegal substances are associated with PAH. This includes dasatinib (Sprycel®), some chemotherapies, interferon,
methamphetamine, and cocaine. About 10 percent
of cases in the PAH registry (REVEAL) are attributed to drugs or toxins.4 Methamphetamine use is a
major cause of PAH in the U.S.5
Untreated PAH is a highly lethal disease. In the
absence of effective therapy, median survival is 2.8
years from diagnosis.6-8 Over 50 percent of untreated
patients will die within five years. With appropriate treatment, the median survival is closer to seven
years. It is imperative that clinicians actively screen
for PAH and refer patients for appropriate treatment.
There are Centers of Excellence for PAH, certified
by the Pulmonary Hypertension Society, which

www.namcp.org | Vol. 20, No. 4 | Journal of Managed Care Medicine 13

Exhibit 1: PAH Physiology
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should be utilized if possible.
The approximate prevalence of PAH is 15 cases
per million.4,9 It is about four times more common
in women compared to men. The reasons for this
disproportionate gender distribution are unknown.
It occurs in all age groups, but the most common
age at diagnosis is between 45 and 57. Unfortunately, most patients are not diagnosed with PAH until
late in the disease. PAH registries reveal that 75 percent or more of patients have poor functional status
at the time of diagnosis.
Dyspnea, fatigue, syncope or near syncope, chest
pain, palpitations, and leg edema are the most common symptoms of PAH. These nonspecific symptoms are often mistaken for cardiac disease, asthma,
or chronic obstructive pulmonary disease (COPD),
or deconditioning and are a major reason for delayed diagnosis. Despite educational efforts to improve early diagnosis of PAH and the development
of effective therapies, the time from symptom onset
to diagnosis of PAH has not changed dramatically in
the last decade (1.3 years vs 1.2 years).4,10
In PAH, there is progressive destruction of the
pulmonary vasculature. As this process occurs, the
pressure and resistance within the vasculature increase (Exhibit 1). The body is initially able to compensate by increasing cardiac output to push blood
through the lungs. Once compensation begins to
fail, the patient becomes symptomatic. During the
disease process the pressure within the lungs begins
to back up into the right side of the heart, leading to
right side heart failure.

A right heart catheterization is the only way to
make an accurate diagnosis of PAH. An echocardiogram can provide a suspicion of the condition, but it
is not diagnostic. Cardiac catheterization is also used
to exclude congenital heart disease, measure various
lung pressures, establish the severity and prognosis,
and test for vasoreactivity with vasodilator therapy.
Patients with known risk factors should be periodically screened for PAH (Exhibit 2).11
An appropriate diagnosis is necessary to select the
most appropriate therapy. The approved medications
are only effective for PAH and not for most other
forms of PH. For some types of PH, the medications
can even be harmful.
PAH treatment goals include reduction in severe
symptoms, improvement in exercise capacity, improvement in hemodynamics, prevention of clinical worsening (escalation of therapy, hospitalization,
and lung transplant), improvement of quality of
life, and improvement of survival. Targeted therapies discussed later improve each of these outcome
measures. Early trials in PAH focused on exercise
capacity outcomes such as the six-minute walk distance (6MWD), but more recent trials are longer
and focus on event driven outcomes of mortality
and morbidity.
Therapy is selected based on risk of progression.
Based on various criteria, patients can be classified as
low, medium or high risk for progression in the next
year.3 The criteria include presence of right heart
failure, progression of symptoms, presence of syncope, functional status measures, hemodynamics,
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Exhibit 2: Screening Guidelines for Patients with Known PAH Risk11

Substrate

Further Assessment

Rationale

Known BMPR2 mutation

Echo yearly; RHC if echo shows evidence of PAH

Early PAH detection; 20% chance
of developing PAH

Systemic
sclerosis*

Echo yearly; RHC if echo shows evidence of PAH

8% prevalence of PAH

HIV

Echo if symptomatic; RHC if echo shows evidence of
PAH

0.5% prevalence of PAH

Portal
hypertension

Echo if liver transplant considered; RHC if echo shows
evidence of PAH

4% prevalence of PAH; predictive
of poor outcome

Congenital
heart disease

Echo and RHC at diagnosis;
consider repair of L-R shunt defect

High PAH probability if unrepaired

*Systemic sclerosis: consider echocardiogram if

% FVC)
% DLCO)

>1.6 or unexplained declining DLCO.

PAH = pulmonary artery hypertension
BMPR2 = bone morphogenetic protein receptor type 2
RHC = right heart catheterization
DLCO = Diffusing capacity of the lungs for carbon monoxide
FVC = forced vital capacity

and others. Patients with low risk will initially be
treated with oral monotherapy and those with moderate risk likely will be started on a combination of
oral agents. Ten to 15 percent of patients with PAH
are vasoreactive and respond well to calcium channel blockers long term. Calcium channel blockers
should never be used in those who are not vasoreactive because they will worsen the disease.
Failure of the oral therapies in the low or moderate risk groups will lead to injectable therapy. Highrisk patients will initially be treated with injectable/
inhaled agents. Patients with inadequate response
to the available therapies will be referred for lung
transplantation.
Currently approved PAH therapies target three
different pathways in the lung vasculature, including
endothelin, prostacyclin, and nitric oxide pathways.
Endothelin is a powerful vasoconstrictor and leads
to smooth muscle cell proliferation. Endothelin receptor antagonists (ERAs) work by blocking receptors on the endothelium and vascular smooth muscle. The available agents are bosentan (Tracleer ®),
ambrisentan (Letairis®), and macitentan (Opsumit ®)
(Exhibit 3). The prostacyclin pathway is affected
by synthetic prostacyclin analogues (epoprostenol,
treprostinil, and iloprost) and the selective nonprostanoid prostaglandin I2 receptor (IP) receptor agonists (selexipag [Uptravi®]) which provide
prostacyclin-like activity with vasodilation, platelet

inhibition, anti-proliferative effects, and inotropic
effects. The nitric oxide pathway, which is deficient
in those with PAH, is targeted by phosphodiesterase
(PDE5) inhibitors [sildenafil (Revatio®), tadalafil
(Adcirca®)] and the soluble guanylate cyclase stimulators [riociguat (Adempas®)]
The role in therapy of the newer oral prostanoids
(treprostinil and selexipag) is still being determined.
The oral formulation of treprostinil is helpful in that
it is easier to manage than intravenous or inhaled
prostanoids, but it can be difficult to tolerate unless
the dose is slowly titrated upward. Three times a day
dosing instead of twice daily improves tolerance.
Use of treprostinil oral has been shown to reduce
disease progression.12-14 Selexipag has been shown
to reduce morbidity/mortality events by 40 percent
compared to placebo. Again the dose of this agent
has to be titrated up to the highest tolerated dose.15
For those with PAH who are treatment naïve, both
of these oral therapies delay disease progression. As
add-on therapy to either an ERA or a PDE5 inhibitor or both, selexipag has had a positive effect on
primary outcomes, but treprostinil had had no treatment effect. These oral agents are not substitutes for
intravenous prostanoids and patients should not be
switched to these just for convenience.
It is important to note that not all patients will
respond to a given therapy and efficacy of a given therapy has to be evaluated to determine if the
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Exhibit 3: Available Treatments fo PAH
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patient should stay on the therapy. There has not
been any head-to-head trials with any of the PAH
agents, so one cannot say that one agent is better
than the other. Agents are chosen based on risk as
discussed before, adverse effects of the treatments,
and insurance coverage. The only combination of
classes which is contraindicated is riociguat and a
PDE5 inhibitor.
There is def initely a rationale for using combination therapy, even as initial therapy. An
evaluation comparing upfront combination
therapy with monotherapy found that an upfront combination of ambrisentan and tadalaf il
reduced the risk for clinical failure by 50 percent compared with either drug alone.16 Reduction in hospitalizations was the main driver of
the primary endpoint. Patients who were on
upfront combination therapy had fewer death
events, although the study was not powered for
survival.17 Additionally, the combination did
not cause signif icantly more adverse events than

monotherapy nor a higher drop-out rate due to
adverse effects.
Treatments for PAH are expensive but have been
shown to reduce the negative outcomes of the disease. PAH patients have high health costs and medical costs appear to decrease with PAH medication,
whereas there is a concomitant increase in pharmacy costs.18 For example, treatment with macitentan
results in a 43 percent reduction in morbidity and
mortality and a 43 to 55 percent reduction in hospitalization per year.19
The advent of PAH therapies for severe PAH has
reduced or delayed patient referral to lung transplant
programs. Lung transplant is an important option for
patients who fail medical therapy or remain functionally impaired despite maximal medical therapy. Those
who are being referred for lung transplant are often
sicker than a decade ago given the availability of effective medications. Delayed referral in combination
with the length of waiting time due to organ donor
shortage may increase the mortality on the waiting list.
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Conclusion

8. McLaughlin VV, Presberg KW, Doyle RL, et al. Prognosis of pulmonary

Despite significant advances in medical therapies,
PAH remains a chronic terminal disease. Prostacyclin therapy is now becoming oral and should have
the same concern regarding transplant evaluation as
parenteral prostacyclin. Combination therapy has
been shown to be beneficial in improving outcomes.
Lung transplantation remains the only viable therapeutic option for those patients who are refractory
to medical therapy. Patients should be referred early
to a PAH specialist for care.
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Summary
For decades, progress in treating melanoma was stagnant, but the landscape has
completely changed since 2011, with eight new therapies becoming available.
These new therapies are changing lives with better survival of those with metastatic
disease.
Key Points
• Targeted therapy and immunotherapy are leading to increased overall survival for
those with metastatic melanoma.
• Combined targeted therapy is better than monotherapy.
• Some patients can have a durable response to immunotherapy.
• An intratumoral injectable virus is available for producing local immune
responses.

MELANOMA, WITH OVER 76,000 CASES PER
year, accounts for 4.5 percent of all new cancer cases annually. New cases have been increasing since
1998; increased awareness and screening of suspicious lesions has prompted some of the rise.1, 2 Although the incidence of melanoma has continued
to increase, the mortality rate has remained steady;
there are approximately 10,000 deaths from the disease annually. The overall five-year survival rate is
91.5 percent. The highest rates are in those with localized disease (98%) and lowest for metastatic disease (17.9%). Luckily, the majority of patients are
diagnosed with localized disease. Once metastatic,
melanoma is considered incurable.
Exhibit 1 illustrates the dramatic increase in FDA
approvals for melanoma. Prior to 1980, only dacarbazine, a toxic but not highly effective chemotherapy, was available for this disease. High-dose
interleukin 2 (IL-2), approved in the early 1990s, is
a very toxic therapy with only modest efficacy. In

the next 20 years, there was a tremendous explosion
in technology for testing tumors and genes, which
led to major drug developments in this area. Agents
approved since 2011 have begun to improve median
and overall survival (OS) in metastatic disease.
Patient candidacy for systemic therapy depends
on determination of unresectable disease, physician
assessment of comorbid illness, overall health/performance status, organ dysfunction, autoimmune
illness, and organ transplant history. If there is a
change of curative resection, this is the first step of
melanoma treatment. The other factors listed here
impact the immune therapy that can be used. The
therapies can all have some very serious and potentially long-term adverse effects. Systemic therapy
requires a transparent discussion regarding potential benefits and risks of therapy between the patient
and clinician.
High-dose IL-2, as mentioned previously, does
not produce a very high rate of response. Approxi-
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Exhibit 1: FDA Approved Drugs for Melanoma
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mately 6 percent of those treated with this agent will
have a complete response and another 10 percent
will have a partial response.3 If a patient has a complete treatment response, they will have a durable
response, which may be a cure.
Multiple genetic mutations and alterations have
been shown in melanoma tumors. These include
mutations in the mitogen-activated protein (MAP)
kinase pathway. About 50 percent of melanomas
have mutations in v-Raf murine sarcoma viral
oncogene homolog B (BRAF), which constantly
drives growth and survival of the cell.4 Vemurafenib (Zelboraf ®) was the first BRAF inhibitor
FDA approved. It is an oral agent with an impressive 48 percent response rate (30% reduction in tumor size).5 Unfortunately, after about nine months
of therapy, tumor resistance to the medication develops in 90 percent of those receiving it, and the
disease begins growing again.
Because of resistance to BRAF inhibitors, a strategy to avoid this was developed, which is the addition
of a mitogen activated kinase (MEK) inhibitor. This
shuts off downstream activation of other parts of
the MAP kinase pathway. The combination of dabrafenib (Tafinlar ®), another BRAF inhibitor, and
trametinib (Mekinist®), the first approved MEK inhibitor for melanoma, results in a higher overall response rate (13% better) and longer progression-free
survival (PFS) 4.1 months more) than vemurafenib
monotherapy.6 The two-year OS is 51 percent with
the combination.7 Grade 3/4 adverse events occur in

2000

2010

48 percent of those treated with the combination.6
Vemurafenib is FDA approved for use with cobimetinib (Cotellic®), another MEK inhibitor.
This combination results in similar efficacy as the
dabrafenib/ trametinib combination.8,9 The vemurafenib/cobimetinib combination does result in a
higher rate of Grade 3/4 adverse events (62%).
BRAF and MEK inhibitors cause similar adverse
effects. These include skin rashes, fatigue, fevers,
diarrhea, arthralgia, lower extremity edema, decreased left ventricular ejection fraction, and central
serous retinopathy.
One way tumor cells survive is by turning off the
immune system. Immune checkpoint therapy aims
to turn the immune system back on with a focus
on T cells. The activity of immune system T cells
is controlled by a series of regulatory molecular interactions, including those between cytotoxic T-cell
lymphocyte-associated antigen 4 (CTLA-4) and
antigen presenting cells (APC) and between programmed death 1 (PD-1) and its main ligand, PDL1 on the melanoma cell. CTLA-4 and PD-1 are
the brakes on the immune system; they prevent the
immune system from being over active and leading
to autoimmune disease. Shutting down these checkpoints on the immune system allows T lymphocytes
to recognize and destroy melanoma cells.
Ipilimumab (Yervoy ®) is an anti-CTLA-4 antibody. The overall response rate to this agent is
11 to 19 percent and the median PFS is 2.9 to 4.4
months.10-12 The two-year overall OS in those with
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Exhibit 2: Two-Year Overall Survival3,5-19,22
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metastatic disease treated with ipilimumab is 25 percent.13 As with IL-2, a small percentage of patients
respond, but those who do have a dramatic and durable response.
Serious (Grade 3/4) adverse events occur in 24
to 56 percent of those who receive ipilimumab. 11,12
Dermatitis, colitis, hypophysitis (pituitary gland
inflammation and failure), and hepatotoxicity are
the major immune reactions. Grade 3/4 reactions
have to be treated early and aggressively with steroids. Steroid use is not believed to hamper the
therapeutic effect of checkpoint therapy. Adverse
event management may also require additional immune suppression with infliximab. Importantly,
the checkpoint therapy has to be stopped until the
reaction is resolved.
PD-1 is another target of immune checkpoint
therapy. Anti-PD-1 treatment with pembrolizumab (Keytruda®) in ipilimumab-refractory advanced
melanoma produces a 26 to 33 percent response
rate.14,15 Pembrolizumab treatment results in a median PFS of 4.1 to 5.5 months and three-year OS
of 40 percent.14-16 It causes a low rate of Grade 3/4
adverse events (13%).
Nivolumab (Opdivo®), another anti-PD-1 agent,
results in an overall response rate of 38 to 44 percent, median PFS of 4.7 to 6.9 months, and twoyear OS of 48 percent.11,17 In clinical trials, Grade
3/4 adverse events were reported in 9 to 44 percent of those receiving nivolumab.11,17,18 In clinical
practice, the rate appears to be closer to 15 percent,
which is very similar to pembrolizumab.
With all the checkpoint inhibitors, the therapy is taking away the body’s natural regulation
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which, leads to autoimmune adverse events. PD-1
inhibitors cause rash/itching, diarrhea/colitis, endocrinopathies (hyophysitis, thyroiditis, adrenal
insufficiency, type 1 diabetes, etc.), pneumonitis,
hepatitis, uveitis, nephritis, and neuropathies (myasthenia-like syndromes). Mild adverse events such
as skin rash or uveitis are managed with topical
corticosteroids. Moderate symptoms are managed
with treatment interruption and several weeks of
oral systemic corticosteroids (0.5-1 mg/kg/day,
slow taper). Dose reductions are not appropriate
for symptom management. Severe reactions require permanent discontinuation of the PD-1 inhibitor and will require corticosteroids or infliximab treatment. Importantly, the endocrinopathies
infrequently resolve; they are best managed with
hormone replacement therapy (levothyroxine, hydrocortisone, insulin, etc.).
Combination checkpoint therapy with different
mechanisms of action (nivolumab and ipilimumab)
has been studied in the hope of improving response
rates. This does increase response but at the expense
of higher rates of serious adverse events. Overall
response rates are 58 to 61 percent, median PFS of
11.5 months, and two-year OS of 64 percent, with
54 to 69 percent of patients having a Grade 3/4
adverse event.11,12,19
Even when serious adverse events happen and
the checkpoint therapy has to be stopped and antiinflammatories are given, the patient can continue
to have tumor suppression. This is a totally different paradigm from chemotherapy, which only
works while it is being given. Checkpoint therapy
appears to activate the immune system long term,
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even when therapy is stopped.
Another approach to melanoma is to use a vaccine. Talimogene laherparepvec (T-VEC, Imlygic®)
is the first marketed intra-tumor, injectable oncolytic virus. It is an HSV type-1 virus that has been
genetically modified to replicate within tumors
and to produce the immune stimulatory protein
granulocyte-macrophage colony-stimulating factor
(GM-CSF), a potent inflammatory molecule that
stimulates an immune response. It is indicated for
the local treatment of unresectable cutaneous, subcutaneous, and nodal lesions in patients with melanoma recurrent after initial surgery. The published
trial compared intratumoral injection of T-VEC
with sub-cutaneous GM-CSF. Overall response
rates of 26.4 percent (T-VEC) versus 5.7 percent
with GM-CSF were found.20
For unresectable metastatic cancer, the NCCN
guidelines have multiple category 1 first- line recommendations.21 These include targeted therapy
for those with BRAF mutations, immunotherapy,
or a clinical trial. Exhibit 2 illustrates the progress
in two-year survival rates with metastatic melanoma. 3, 5-19, 22 Immunotherapy can be either antiPD-1 monotherapy or combination checkpoint
therapy. Targeted therapy is recommended first if
the patient has a clinical need for early treatment
response and combination BRAF/MEK inhibition
is recommended over monotherapy. Initial treatment selection in patients with BRAF-mutant
metastatic melanoma is a challenge. Deciding between targeted therapy and immunotherapy will
depend on disease burden, pace of progression,
symptomatic disease, comorbidities, and patient
comfort with potential risks of therapy. For example, a patient with a large tumor burden needs
to respond within days of therapy or they will die,
so targeted therapy will be selected.
There has been a great deal of research into
biomarkers for helping clinicians select patients
who will respond to anti-PD-L1 therapy. Unlike
with other cancers, metastatic melanoma tumors
that do and do not express PD-L1 will respond to
anti-PD-L1 therapy. There is an FDA approved
companion diagnostic PD-L1 testing, but it is
not required for melanoma patients. The NCCN
guidelines regarding PD-L1 testing state that
in current form they are not sufficiently reproducible, widely available, nor discriminative for
screening patients with melanoma. 21

toxicities that require careful management. Novel
melanoma therapies are demonstrating unprecedented
efficacy, resulting in improved survival outcomes.
Matthew Taylor, MD, is a Clinical Assistant Professor in Hematology/
Oncology at the Oregon Health Science University.

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin.
2016;66(1):7-30.
2. Ries LAG, et al, eds. SEER Cancer Statistics Review, 1975-2001. Bethesda,
MD: National Cancer Institute; 2004: Tables XVI-2.
3. Atkins MB, Lotze MT, Dutcher JP, et al. High-dose recombinant interleukin
2 therapy for patients with metastatic melanoma: analysis of 270 patients treated
between 1985 and 1993. J Clin Oncol. 1999;17(7):2105-16.
4. Flaherty KT, Hodi FS, Fisher DE. From genes to drugs: targeted strategies for
melanoma. Nat Rev Cancer. 2012;12(5):349-61.
5. Chapman PB, Hauschild A, Robert C, et al. Improved survival with vemurafenib in melanoma with BRAF V600E mutation. N Engl J Med.
2011;364(26):2507-16.
6. Robert C, Karaszewska B, Schachter J, et al. Improved overall survival in
melanoma with combined dabrafenib and trametinib. N Engl J Med.
2015;372(1):30-9.
7. Long GV, Weber JS, Infante JR, et al. Overall Survival and Durable Responses in Patients with BRAF V600-Mutant Metastatic Melanoma Receiving
Dabrafenib Combined with Trametinib. J Clin Oncol. 2016;34(8):871-8.
8. Larkin J, Ascierto PA, Dréno B, et al. Combined vemurafenib and cobimetinib in BRAF-mutated melanoma. N Engl J Med. 2014;371(20):1867-76.
9. Ascierto PA, McArthur GA, Dréno B, et al. Cobimetinib combined with
vemurafenib in advanced BRAF(V600)-mutant melanoma (coBRIM): updated
efficacy results from a randomised, double-blind, phase 3 trial. Lancet Oncol.
2016;17(9):1248-60.
10. Hodi FS, O’Day SJ, McDermott DF, et al. Improved survival with ipilimumab in patients with metastatic melanoma. N Engl J Med. 2010;363(8):711-23.
11. Larkin J, Chiarion-Sileni V, Gonzalez R, et al. Combined Nivolumab and
Ipilimumab or Monotherapy in Untreated Melanoma. N Engl J Med.
2015;373(1):23-34.
12. Postow MA, Chesney J, Pavlick AC, et al. Nivolumab and ipilimumab versus ipilimumab in untreated melanoma. N Engl J Med. 2015;372(21):2006-17.
13. McDermott D, Haanen J, Chen T, et al. Efficacy and safety of ipilimumab
in metastatic melanoma patients surviving more than 2 years following treatment in a phase III trial (MDX010-20). Ann Oncol. 2013;24(10):2694-8.
14. Robert C, Ribas A, Wolchok JD, et al. Anti-programmed-death-receptor-1 treatment with pembrolizumab in ipilimumab-refractory advanced
melanoma: a randomised dose-comparison cohort of a phase 1 trial. Lancet.
2014;384(9948):1109-17.
15. Robert C, Schachter J, Long GV, et al. Pembrolizumab versus ipilimumab
in advanced melanoma. N Engl J Med. 2015;372(26):2521-32.
16. Robert C, Ribas A, Hamid O, et al. Three-year overall survival for patients
with advanced melanoma treated with pembrolizumab in KEYNOTE-001.
2016 ASCO annual meeting; abstract 9503.

Conclusion

17. Weber JS, D’Angelo SP, Minor D, et al. Nivolumab versus chemotherapy in

Advances in understanding of melanoma tumor biology have led to several novel melanoma therapies. New
targeted therapies and immunotherapies have unique

patients with advanced melanoma who progressed after anti-CTLA-4 treatment
(CheckMate 037): a randomised, controlled, open-label, phase 3 trial. Lancet
Oncol. 2015;16(4):375-84.

www.namcp.org | Vol. 20, No. 4 | Journal of Managed Care Medicine 21

18. Topalian SL, Sznol M, McDermott DF, et al. Survival, durable tumor remis-

Improves Durable Response Rate in Patients With Advanced Melanoma. J Clin

sion, and long-term safety in patients with advanced melanoma receiving

Oncol. 2015;33(25):2780-8.

nivolumab. J Clin Oncol. 2014;32(10):1020-30.

21. National Comprehensive Cancer Network. NCCN Clinical Practice

19. Hodi FS, Chesney J, Pavlick AC, et al. Combined nivolumab and ipilim-

Guidelines in Oncology. V1.2017. Available at www.nccn.org. Accessed

umab versus ipilimumab alone in patients with advanced melanoma: 2-year

8/2/2017.

overall survival outcomes in a multicentre, randomised, controlled, phase 2

22. Avril MF, Aamdal S, Grob JJ, et al. Fotemustine compared with dacarbazine

trial. Lancet Oncol. 2016;17(11):1558-1568

in patients with disseminated malignant melanoma: a phase III study. J Clin

20. Andtbacka RH, Kaufman HL, Collichio F, et al. Talimogene Laherparepvec

Oncol. 2004;22(6):1118-25.

We listen to your ideas & share them with the industry.
Submit articles

Reach thousands

www.AAMCN.org/jmcn.html

22 Journal of Managed Care Medicine | Vol. 20, No. 4 | www.namcp.org

Read up on industry trends

AAMCN

American Association of
Managed Care Nurses

Integrating Current and Novel Treatment
Strategies for the Management of mCRPC
Charles J. Ryan, MD
For a CME/CNE version of this article, please go to www.namcp.org/cmeonline.htm, and then click the activity title.

Summary
It is an exciting time in the treatment of prostate cancer, especially metastatic castration- resistant disease. Today, there is better understanding of the changes in
the disease over time in response to treatment. New approaches to treating this
disease involve identifying underlying variant histologies and targeting DNA repair
defects.
Key Points
• Androgen receptor signaling is the key target in most cases of advanced prostate
cancer.
• Variant histologies are contributing to the process of advanced disease.
• A new approach in treating this disease is targeting DNA repair defects.
• Tumor interrogation is imperative to future therapy development.

TREATMENT OF ADVANCED PROSTATE
cancer, especially metastatic castration-resistant
prostate cancer (mCRPC), has become interesting
and challenging from both a clinical and biological
perspective. Before 2010, there were no therapies
proven to be effective in prolonging life or even
improving quality of life (QOL). There has been
an acceleration of FDA approvals in the past few
years of agents that can help patients live longer
with better QOL.
Prostate cancer is not classified by stages like
many other cancers but is referred to by its clinical state, depending on hormone sensitivities and
whether metastases exist. Those two events dictate
the setting in which the disease is confronted. Exhibit 1 shows the clinical states, from hormone sensitive to mCRPC, that have already been treated
with docetaxel chemotherapy and the treatment
options for each.
It has been known for a long time that prostate

cancer growth is stimulated by the endocrine system, particularly testosterone. Androgen deprivation therapy (ADT) is used as first- line therapy in
hormone sensitive prostate cancer. Exhibit 2 illustrates where various agents work.
Castrate resistance is an important concept in
prostate cancer. This is progression of disease despite a suppressed or castrate testosterone level
(<50ng/dL). The disease becomes lethal when it
becomes castrate resistant, but the lethal form of
the disease has quite a wide spectrum, with patients
who have mCRPC for over 10 years and those who
die within six to 12 months. It is a very heterogeneous disease and clinicians are beginning to understand this heterogeneity based on clinical and
patient factors. Bone or visceral metastases, alkaline
phosphatase, prostate specific antigen (PSA), lactate
dehydrogenase, pain, and functional status are some
of the prognostic factors.1
In mCRPC, the androgen receptor (AR) re-
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Exhibit 1: Available Treatment Agents for Advanced Prostate Cancer
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mains in a persistent signaling mode even when
testosterone has been lowered to below 50 ng/dl
with ADT. This persistent signaling leads to ADT
resistance. Mechanisms of ADT resistance include
AR amplification, increased intratumoral androgen synthesis, hypersensitivity of the AR, mutations of the AR, and alternative splicing of the AR
to constitutively active splice variants. The tumor
finds a way to get sufficient testosterone to survive.
Thus, the AR signaling pathway is the pivotal target of mCRPC treatment.
The mechanism of AR amplification is not yet
known. Tumors develop multiple copies of the AR
DNA and thus can continue to grow in the presence
of very low levels of testosterone. There is a revved
up system for responding to and producing testosterone. One way to target AR amplification is with
abiraterone (Zytiga®) or enzalutamide (Xtandi®).
Abiraterone is an oral CYP17 modulator that inhibits steroidogenesis. CYP17 is essential for biosynthesis of androgens and adrenal hormones and
implicated in aberrant intratumoral androgen production. It blocks two critical steps in testosterone
biosynthesis - conversion of pregnenolone to 17
OH-pregnenolone and conversion of 17 OH-pregnenolone to dehydroepiandrostenedione.
One problem with abiraterone is stimulation of
the fluid balance portion of the adrenal axis leading to sodium retention, edema, and hypokalemia.
Prednisone is given along with abiraterone to prevent these adverse effects.

Enzalutamide is different in that it was rationally
designed to target AR signaling, impacting multiple
steps in the AR signaling pathway. It does not affect androgen levels but rather inhibits binding of
androgens to the AR, nuclear translocation of the
AR, and association of the AR with DNA.
Abiraterone targets pre-receptor events and
enzalutamide receptor events. Both are hormone
therapies and both block different points on the
hormone signaling axis. Both have significant clinical effects.2,3 The median time to radiologic progression with either agent is about 17 months and
median survival is about 32 to 35 months. There is
a wide range of response; those who respond best
to abiraterone or enzalutamide get earlier treatment
while asymptomatic, with lower amounts of disease
burden, and have the largest PSA declines. Those
with a 90 percent decline in PSA can live three to
five years (15-20% of patients).
One unanswered question is about sequencing of
abiraterone and enzalutamide. Only 3 to 13 percent
of patients will respond to abiraterone after having
already failed enzalutamide.4-6
Approximately 30 percent of patients will have
primary resistance to either abiraterone or enzalutamide. Of those who initially respond, 60 percent
or more will develop acquired resistance. Acquired
resistance can develop through tumor genetic mutations. One mutation is an AR splice variant which
results in a “half AR” that is activated without
binding to testosterone, which is like a switch that
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Exhibit 2: The Human Endocrine System Drives Prostate Cancer Growth
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cannot be turned off. The AR now directly binds
to DNA and the medications no longer have a target. The prevalence of the most common variant,
AR-V7, increases with exposure to medications.
It is present in approximately 11 percent of tumors
before treatment with either abiraterone or enzalutamide and increases to 67 percent of tumors once
the patient has been exposed to both agents. Chemotherapy may eradicate the AR-V7 positive cells
allowing use of abiraterone or enzalutamide.7 ARV7 testing is done on circulating tumor cells and
not all patients have these; currently, there is not
a standardized blood test for this mutation. Thus,
most clinicians cannot test for it.
An ongoing question is whether the combination
of abiraterone and enzalutamide is more effective
than either alone. A large trial addressing this issue
is ongoing.
Over 90 percent of patients who die from mCRPC
have bone metastases and bone destruction. As the
disease affects the bone, the body remodels the affected area. Radium-223 (Xofigo®) is an alphaparticle-emitting radionuclide that mimics calcium
and is incorporated into osteoblastic bone lesions. It
delivers short range, high energy which minimizes
myelotoxicity. It is given as a 10 or 20 second push

Antiandrogens:
Casodex Flutamide
Nilutamide, Enzalutamide,
Apalutamide

injection in a radiation center or a radiologist’s office. Radium-223 increases overall survival by 3.6
months compared to placebo.8 When first marketed, it was positioned as a treatment for pain with
a survival benefit used after chemotherapy. Patients
have been seeking this out as an alternative to chemotherapy. It is being studied in combination with
AR targeted medications and chemotherapy. The
responses are not great in terms of symptoms or
laboratory monitoring; QOL improvements and a
slowing of smoldering disease does occur, but it is
not as dramatic as one might expect.
Prostate cancer was the first cancer for which an
immunotherapy was FDA approved. Sipuleucel-T
(Provenge®) is a cellular therapy that is very different from the checkpoint immunotherapies being used in other cancers. A course of sipuleucel-T
treatment consists of three basic steps. A patient’s
white blood cells, primarily antigen-presenting cells
(APCs), are extracted in a leukapheresis procedure.
The blood product is incubated with a fusion protein (PA2024) consisting of two parts, the antigen
prostatic acid phosphatase (PAP), which is present
in 95 percent of prostate cancer cells, and immune
signaling granulocyte-macrophage colony- stimulating factor that helps the APCs to mature. The
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Exhibit 3: Histology of 124 Evaluable Biopses12
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activated blood product is returned to the infusion
center and infused into the patient to cause an immune response against cancer cells carrying the PAP
antigen. This treatment does not cause disease remission, PSA does not decline dramatically, nor is
pain necessarily improved.9 There is a modest delay
in progression of disease and a median of 4.1 month
overall survival benefit over placebo.10 This treatment is used in selected patients who have slowly
moving disease and good prognosis. At three years
after treatment, there is a 38.7 percent improvement
in survival.10 This therapy can redirect slowly growing disease, but it will not stop it.
There is some early data to show that checkpoint
inhibitors such as pembrolizumab are effective in 30
percent of those given the treatment. These agents
are a long way from approval for use in mCRPC.
Prostate cancer cells evolve over time in response
to medication selection pressures. Most prostate
cancer tumors start out as adenocarcinomas. ARdirected therapy reduces the amount of adenocarcinoma cells and allows neuroendocrine or small cell
histology cells to grow. The Stand Up to Cancer
West Coast Dream Team at UCLA is studying tissue from the leading edge of mCRPC tumors.11 The
edge of metastases where the tumor is growing are
biopsied. This center’s studies are finding that adenocarcinoma is only found in about 35 percent of
the cases (Exhibit 3).12 Overall, 74 percent of tumors
are histologically a single type and 26 percent are

mixed populations. Patients with any evidence of
non-adenocarcinoma histology have a worse prognosis. Clinicians are going to be performing more
biopsies to identify the histology of a tumor over
time, especially as an understanding of which therapies work best with each histology.
Research needs to be conducted to reconcile
histologic findings, clinical findings, and genomic
targets. Genomic testing is in its infancy for prostate cancer. There are some non-adenocarcinomas
which are extremely aggressive and some are less
aggressive. The “holy grail” is the liquid biopsy in
which circulating tumor cells and tumor DNA will
be used to predict survival and treatment response.
It is well known in cancers such as breast that
DNA repair mutations are useful for developing
treatment strategies. Familial BRCA 1 and 2 mutations are rare in men with prostate cancer; they are
present in 0.33 to 5 percent of cases. Homologous
DNA repair defects are common in prostate cancer
tumors. Germline and somatic inactivating mutations in DNA repair genes collectively occur in up
to 20 to 25 percent of prostate cancers.
If a cancer cell has defective DNA repair, the cell
is dependent on the enzyme poly ADP ribose polymerase (PARP) for making DNA repairs that allow
the cell to continue to grow. PARP inhibitors shut
down the repair mechanism and the cell dies. There
are multiple of these agents under study for various
cancers and will likely be approved for use in pros-
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tate cancer. Olaparib (Lynparza®), which is already
approved for breast cancer treatment, is the closest to
FDA approval for mCRPC and has shown a survival benefit in a heavily pretreated population.13 How
and when PARP inhibitors will be used and how
the appropriate patients will be identified will have
to be determined. This will be one of the major
treatment areas over the next five years.
Clinicians have known for a while that a portion of mCRPC tumors are very sensitive to chemotherapy. Carboplatin, a platinum-based chemotherapy, also targets defective DNA repair, which
may be why it is effective in some patients. It is
underutilized in treating mCRPC, is generic, and
is reasonably well tolerated, but definitive trials in
the right patients are needed. Previously, trials in
unselected patients were not productive but giving
it only to those with known DNA repair defects
will likely be successful.
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Management of mCRPC requires integrating tumor biology with treatment. Androgen receptor
signaling is the key target in most cases of advanced
prostate cancer. Variant histologies are contributing to the process of advanced disease. Tumor interrogation, which specifies better what type of
tumor is present, is imperative to future therapy
development.
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Summary
Overactive bladder is a prevalent condition with significant human and financial
costs. There are effective treatments if those affected seek them out. Treatment ranges from behavioral interventions, such as limiting fluid intake for mild
symptoms, to surgery for uncontrolled symptoms causing health issues, such as skin
breakdown.
Key Points
• OAB is a significant problem, particularly in the elderly population.
• OAB diagnosis requires ruling out treatable conditions that mimic or worsen the
syndrome.
• Therapy includes behavioral interventions, pharmacotherapy, neurostimulation,
botulism toxin injections, and surgery.

OVERACTIVE BLADDER (OAB) IS A SYMPtom complex with urgency, frequency, and a large
amount of urinary leakage in patients who have episodes of incontinence (urinary urge incontinence,
UUI). Urgency is a strong, sudden desire to void,
whereas frequency is defined as voiding more than
eight times per 24 hours. Patients with OAB are often unable to reach the toilet in time after an urge
to void and usually wake up to pass urine during
the night.
It is easiest to characterize bladder emptying syndrome as inability to store urine appropriately or inability to empty the bladder. These can be due to
the bladder itself or the outlet. With an overactive
bladder, there is an inability to store urine.
Normally the bladder stores urine for long periods
of time at low pressure which keeps the kidneys safe
from damage. There are no unpleasant sensations
or unstable contractions of the bladder muscle. The
bladder outlet normally increases resistance to main-

tain storage and prevent leakage. Those with a normal bladder do not have to think about their bladder
function the majority of the time. Additionally, normally people can stop urination during the process
with a pelvic floor/sphincter contraction (Kegel).
Voiding requires amplification of smooth muscle
signals from the bladder for an efficient contraction and coordination between the bladder and the
sphincter function. People are able to initiate voluntary voiding at different volumes. For example, we
all typically void before going to bed even though
our bladder may only contain 100 cc of urine.
There is much positive feedback in a normally
functioning bladder. When the positive feedback
goes awry, overactive bladder occurs. The bladder
has A-delta (myelinated) fibers that are mechanoreceptors through which we feel fullness and tension.
C (unmyelinated) fibers are nociceptors which are
normally silent during filling. They sense pain, temperature, irritation, and chemical stimuli. This leads
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Exhibit 1: Patient History
• Which urinary problems does the patient have?
		 – Duration, most bothersome symptoms, triggering factors or events (cough, sneeze)
• Irritants of the bladder/lifestyle
		 – Tea, coffee, alcohol intake, spicy or acidic foods
• Voiding diary to determine average number of symptom episodes, number of pads used
		 – Associated frequency, urgency, dysuria, pain with a full bladder, and history of UTI’s
• Causes that may aggravate symptoms
		 – Examples: Heart failure on diuretics, surgery (spinal, pelvic), bowel function (irritable bowel syndrome
			 association), Alzheimer treatment with acetylcholinesterase inhibitors
• Medications
		 – Diuretics, antidepressants, beta-agonists, alpha antagonist, sedatives, anticholinergics, analgesics
• Gynecological/Obstetric history
		 – Incontinence during intercourse, difficult deliveries, multiparity, forceps use, large babies, pelvic surgery,
			 hysterectomy
• Quality of life
		 – Is it affecting daily activities such as sleep and work?
• Concomitant symptoms of fecal incontinence or pelvic organ prolapse
		 – Pelvic pressure, chronic constipation, urinary hesitancy

to an uninhibited reflex to trigger voiding. When
there is inflammation, infection, or other irrigation
in the bladder, pain and frequency occur.
There can be neurogenic, myogenic, or pelvic
floor reasons for an inability of the bladder to store
urine. Changes in peripheral and central neural
pathways can lead to OAB. These changes can include reduction in peripheral or central inhibition,
enhancement of excitatory transmission in the micturition reflex pathway, increased primary afferent
input from the lower urinary tract, and emergence
of bladder reflexes that are resistant to central inhibition. Example neurogenic causes of OAB are suprapontine lesions (Alzheimer’s disease, Parkinson’s, and
dementia) and spinal cord lesions (multiple sclerosis
and traumatic injury). Myogenic changes can come
from changes in electrical conductivity in the bladder muscle with abnormal spontaneous mechanical
activity. Electrical changes may lead to uncontrolled
spread of muscle contraction over the whole bladder,
leading to urgency and incontinence.
Thus, urgency and UUI can be due to combined
defects of the bladder and pelvic floor. Women are
particularly prone to pelvic floor dysfunction because of giving birth. For example, one patient
may experience incontinence with small amounts
of bladder pressure and another patient with better
pelvic floor muscles will be dry with much higher
pressures and muscle contractions. The first patient
is unable to inhibit bladder emptying due to weak
pelvic floor muscles.

The NOBLE Research Program was a national
survey designed to assess the prevalence and impact of OAB in the United States. The results show
that the prevalence of OAB in men and women is
surprisingly similar across age groups. The overall
prevalence of OAB is 16.6 percent and increases
with age in both men and women.1 The prevalence
exceeds 30 percent among individuals older than
65 years. However, in contrast to OAB without incontinence, OAB with incontinence is more common in women than in men at all ages, especially
in the elderly.
Overall, OAB affects 25 to 45 percent of women
and 15 percent of men over the age of 65. Fifty percent of nursing home patients have OAB. Half of all
nursing home patients are institutionalized because
of incontinence. OAB causes more than $15 billion
in health care costs annually.
Exhibit 1 illustrates a patient’s history, which is
important to the evaluation of possible OAB. One
part of the evaluation is a medication history. Some
medications may contribute to lower urinary tract
dysfunction, thus causing OAB-like symptoms.
Diuretics may rapidly increase urine volume and
thereby precipitate urgency. Antidepressants and
antipsychotics with anticholinergic properties may
cause urinary retention, and hence may lead to increased frequency and incontinence. Some benzodiazepines, such as diazepam, also have anticholinergic properties. Narcotics and some antihypertensives
(e.g., calcium channel blockers) may reduce bladder
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contractility and lead to urinary retention. Sedatives
and hypnotics can cause confusion, especially in the
elderly, and thus may contribute to incontinence.
Similar effects may occur with over the counter
sleep aids and multicomponent cold remedies containing an α-agonist, an anticholinergic, and/or an
antihistamine.
As part of the evaluation, disease which can lead
to bladder issues including diabetes, heart failure,
atherosclerosis, or neurologic conditions should be
noted. A urinalysis and culture is recommended to
rule out urinary tract infections. A post-void residual volume urine test is not recommended by the
guidelines as part of the initial evaluation, but it is
recommended and routinely performed by many
urologists. Most urologists have a bladder scanner
which provides a noninvasive way of determining
how much urine remains in the bladder after voiding. Primary care providers do not typically have access to this technology, so the will have to perform
a bladder catheterization, which has risks. A pelvic
exam is helpful in identifying some other causes of
the OAB-like symptoms. Other causes of the symptoms such as infection, bladder or urethral stones,
bladder tumors, interstitial cystitis, outlet obstruction, pregnancy, and psychological factors need to
be ruled out.
Treatment includes behavioral, pharmacological,
neuromodulatory, intravesical, and surgical. Behavioral modification includes fluid and dietary modifications, scheduled (timed) voiding, bladder retraining drill, and pelvic floor re-education and exercise.
For mild symptoms, behavioral changes may be all
the patient needs. For moderate or worse symptoms,
behavioral modification combined with medication
is better than either alone for reducing incidence of
urinary incontinence (UI).3
In the bladder smooth muscle, the binding of acetylcholine to muscarinic receptors facilitates bladder
contraction. Thus, one way to reduce bladder contractility is to prevent the binding of acetylcholine
to these receptors with muscarinic receptor antagonists. Antimuscarinic agents have been the mainstay for treating OAB. They relieve symptoms by
inhibition of involuntary bladder contractions and
increased bladder capacity. Treatment with antimuscarinics may be limited by side effects such as
dry mouth, constipation, blurry vision, and central
nervous system effects. These agents delay the initial
urge to void but do not the change warning time.
Thus, they should be combined with timed voiding
to prevent UUI.
Available evidence suggests that the use of extended-release (ER) formulations of antimuscarinics is
favored over the immediate release formulations.

The ER formulations provide the best balance of
efficacy and adverse effects. All of the agents are
equally effective and differ primarily based on adverse effects and costs.
Beta agonists are the other class of medications
for OAB treatment. Mirabegron (Myrbetriq®) is a
selective beta-3 adrenoceptor agonist that activates
beta-3 adrenoceptors on the detrusor muscle of the
bladder to facilitate filling of the bladder and improved storage. Essentially, this is a bladder relaxant
which does not affect detrusor muscle contractility.
Mirabegron 50 mg is as efficacious as antimuscarinics with respect to reducing frequency and
UUI.4,5 The exception is that solifenacin 10 mg is
more efficacious than mirabegron 50 mg for both
outcomes. Mirabegron 50 mg causes an incidence of
dry mouth and other adverse effects similar to placebo and significantly lower than all antimuscarinics.
Combination therapy of mirabegron and solifenacin is more effective than solifenacin alone in terms
of voided volume, frequency, urgency, and UUI.6
There is not a significant increase in adverse effects
with the combination
When medication and behavioral interventions
fail, neuromodulation is a treatment option. Neuromodulation is a physiological process in which
the influence of the activity in one neural pathway modulates the pre-existing activity in another
through synaptic interaction. It incorporates electrical stimulation to target specific nerves that control
bladder functions. The mechanism of action is not
completely established but may be a direct effect on
the bladder or a central effect on micturition centers
of brain.8,9 Sacral, tibial, and pudendal nerve stimulation options are available for OAB. These options
have been shown to have a long-term sustained effect on symptoms.
Overall with sacral stimulation, there is an improvement in incontinence, pad use, and quality of
life. Cure rates for UUI range from 39 to 50 percent.10,11 Sixty-seven percent of patients were improved out to five years. Adverse outcomes with the
stimulators include need for revision (3-16%), infection (3%); and lack of efficacy (6%).12
Posterior tibial nerve stimulation (PTNS) is less
invasive than sacral nerve stimulation (SNS) because
the stimulator is not permanently implanted, but it
is less effective than SNS. Patients have to go to the
office for PTNS, which is conducted in a 30-minute session once a week for 10 to 12 weeks. How
often to repeat the procedure is unknown, but most
clinicians use a 14-week tapering protocol (every 2
weeks for 2 treatments, then every 3 weeks times
two, and every 4 weeks times one). The patient is
then given treatment as needed to control symp-
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toms. Overall, 50 percent of patients will achieve a
50 percent improvement.13
Pudendal nerve stimulation (PNS) is not FDA approved for OAB. In a comparison trial with SNS,
PNS was preferred by patients and was slightly more
efficacious (63% vs 46%).14
When comparing neurostimulation to medications, SNS is more effective (subjective response
86% vs 44%, objective response 61% vs 42%) and
safer (30% vs 27.3% adverse effects.15 Surgical AEs:
lead migration (3.4%), infection (3.4%); and reoperation (3.9%). PTNS is equally effective objectively
but rated as more effective by patients with a similar
rate of adverse effects.16
Chemodenervation with botulinum toxin injections into the bladder muscle is another treatment
option. It works by inhibiting acetylcholine release
at the presynaptic cholinergic neuromuscular junction and in the urethral endothelium. It also has analgesic properties. There are many different clinical
applications of botulinum toxin injections, but it is
FDA approved for OAB.
Botulinum toxin is given as 10 to 30 injections
of onabotulinumtoxinA spread around the detrusor
muscle or the urothelium. This treatment reduces
UUI by about two to three episodes per day and
about 60 percent of patients will have a 50 percent
reduction in symptoms.17 Thirty percent of patients
in the trials actually had a 100 percent response. Its
effects wear off after about six months. The risk of
urinary retention is acceptably low (<6%).
A last resort treatment is enterocystoplasty or
bladder augmentation. With this procedure, a piece
of the bowel is used to enlarge the size of the bladder. There is about a 15 percent risk of retention
after this procedure because the original continuous
nature of the bladder muscle is interrupted. Surgery
would be initiated when all other treatment options
have been exhausted or the patient has major health
issues related to incontinence such as skin breakdown or skin ulcers.
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Treatment of OAB always starts with behavioral intervention. If that fails, medication is added to the
regimen. Third-line therapy is neurostimulation or
chemodenervation. Surgery is the last line of therapy.
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Summary
The treatment of colorectal cancer, like many other cancers, is evolving with the
discovery of genetic mutations that drive development and growth of this particular
disease. Targeted therapy is available which improves overall survival when combined with chemotherapy.
Key Points
• Treatment of colorectal cancer is now being considered based on molecular
subsets.
• For surgically unresectable Stage IV patients, combination chemotherapy will be
continued indefinitely to optimize overall survival.
• Targeted therapy in addition to chemotherapy improves overall survival.
• Clinicians need to continue to offer all available agents to optimize the survival of
patients.
• Clinical trial enrollment should always be encouraged.

COLORECTAL CANCER (CRC) IS THE THIRD
most common cancer in men and the second in
women. More than 135,000 cases are diagnosed annually in the United States (U.S.) and almost 50,000
deaths occur.1 Approximately 4.4 percent of men
and women will be diagnosed with CRC at some
point during their lifetime. In 2013, there were an
estimated 1,177,556 people living with CRC in the
U.S.2 Colorectal cancer is most commonly diagnosed in the 65 to 74 age group, with 68 being the
median age at diagnosis.
This is a preventable disease, but there is significant underuse of screening for it. Screening rates of
the over 50 years of age population range from 58 to
76 percent in a given state.1 It takes five to 10 years
for a polyp to become cancerous, which is why it is
important to screen periodically over time.
The majority of the cases (~70%) are sporadic
(Exhibit 1) .3 Some of the identified genetic mu-

tations important in the development of this disease include inherited mutations of APC (Familial
Adenomatous Polyposis and Gardner syndrome),
MLH1, MSH2, MLH3, MSH6, PMS1, and PMS2
(Lynch Syndrome), and acquired mutations in
KRAS and p53.4-6
The five-year overall survival (OS) rate with CRC
depends on the stage of disease at diagnosis. Those
with local disease have a much higher five-year OS
than those with more advanced disease. The fiveyear OS for Stage IV (metastatic) disease is 13 percent for unresectable disease. The rate increases to
35 to 65 percent for surgically resectable metastatic
disease. The remainder of this article will focus on
treatment of metastatic disease.
Chemotherapies used in Stage IV CRC include
5-fluorouracil (5-FU), oxaliplatin, capecitabine,
and irinotecan. Combinations of chemotherapy are
typically used and are more effective than single-
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Exhibit 1: Risk Factors for Colorectal Development3

Sporadic Cases

Case with Familial Risk
10% to 30%

Hamartomatous Polyposis Syndromes
< 0.1%

Lynch Syndrome
(Hereditary Nonpolyposis
Colorectal Cancer)
2% to 3%

Familial Adenomatous Polyposis
< 1%

agent therapy. Targeted therapies approved for Stage
IV disease include vascular endothelial growth factor receptor [VEGF-R] inhibitors (bevacizumab,
aflibercept, regorafenib), anti-epidermal growth
factor receptor [EGFR] monoclonal antibodies (cetuximab, panitumumab), and a multikinase inhibitor (ramucirumab). Exhibit 2 shows the median OS
benefits of various chemotherapy regimens compared with best supportive care.7-8 Some of these
regimens include the addition of bevacizumab,
which provides longer median OS.
A blood supply is necessary for tumor
growth. Neovascularization allows rapid tumor
growth by providing oxygen, nutrients, and waste
removal. It also facilitates metastasis. The VEGF-R
inhibitors inhibit vascular growth.
Activation of EGFR results in a range of effects,
including cell proliferation, differentiation, migration, adhesion, and inhibition of apoptosis. It also
enhances processes crucial to tumor growth and
progression, such as angiogenesis, tumor invasiveness, and metastatic spread. EGFR is overexpressed
by some colorectal tumors. In the second-line setting, the addition of cetuximab to irinotecan appears to resensitize tumors to irinotecan, improves
disease control, and increases median OS by 1.7
months.9 The drawback to cetuximab is adverse effects, including acneiform rash, fissuring of fingertips, paronychial inflammation, and sun sensitivity.
Patients will be better able to tolerate this therapy if
they are pretreated with topical or oral antibiotics

for acne. A topical rinse of white vinegar in water in
a 1:10 ratio helps to reduce the fissuring of the distal
finger tips. This class is not effective in those with
KRAS mutations, which occur in 30 to 50 percent
of all CRC cases. Other RAS mutations, including
NRAS, also prevent anti-EGFR agents from working. Thus, anti-EGFR agents should only be given
in those without RAS mutations.
BRAF mutations occur in less than 10 percent of
CRC cases. The V600E mutation accounts for 90
percent of the mutations. Presence of BRAF mutations is an indicator of poor prognosis; no matter
what regimen these patients are given their median
OS is 12 to 13 months.
In one trial that compared VEGF-R (bevacizumab) to anti-EGFR therapy (cetuximab) in combination with standard chemotherapy regimens, there
was not difference in progression-free survival or
median OS.10 Thus, it does not matter which agent a
patient receives first, if that agent was an appropriate
choice based on RAS mutation status.
In a post hoc analysis, it does seem to matter as
to which side of the colon the cancer originates.
Patients with left sided tumors have better survival
than those with right side origin tumors.11 In one
analysis, those with right sided tumors who received
anti-EGFR agents fared worse than those who received VEGF inhibitors.
In the second line, to improve the OS of patients,
chemotherapy must be continued, but clinicians
have to be cautious of toxicities of prolonged ther-
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Exhibit 2: Median OS by First-Line Therapy for mCRC7,8

Best Supportive Care

4 - 6 months

5-FU/LV

12 - 14 months

IFL or FOLFIRI

15 - 16 months

FOLFOX or CapeOx

19 - 20 months

IFL + Bevacizumab

20.3 months

FOLFOX6

21.5 months

FOLFIRI + Bevacizumab

24 - 25.8 months

FOLFOXIRI + Bevacizumab

29.8 months
0

6

12

18

24

30

Median Overall Survival (Months)

CAPEOX = capecitabine, oxaliplatin
FOLFOX = 5-fluorouracil, leucovorin, oxaliplatin
FOLFIRI = 5-fluorouracil, leucovorin, irinotecan
IFL = irinotecan, leucovorin, fluorouracil

apy, such as neuropathies with oxaliplatin. Bevacizumab can be continued at disease progression with
a change in chemotherapy. This approach has been
shown to improve survival (11.2 vs 9.8 months).12
Aflibercept and ramucirumab are two newer oral
agents which are FDA approved for second-line
therapy. Aflibercept and ramucirumab are both
more costly than bevacizumab, so many clinicians
have continued to use bevacizumab.
For patients who have failed multiple lines of therapy and do not have access to a clinical trial, there
is now a new treatment option, regorafenib (Stivarga®). This agent is a multikinase inhibitor which
has been shown to inhibit the activity of VEGFR1,
VEGFR2, VEGFR3, BRAF, BRAFV600E, and
numerous other kinases. Regorafenib is indicated
for the treatment of patients with metastatic CRC
who have been previously treated with fluoropyrimidine-, oxaliplatin- and irinotecan-based chemotherapy, an anti-VEGF therapy, and, if RAS
wild-type, an anti-EGFR therapy. It is given as a
single agent for three weeks on and three weeks off
therapy. It leads to a 1.4-month improvement in median OS.13-14 A drawback of this agent is the development of hand and foot skin reactions. The rate
of these reactions is higher when the recommended
dose of 160 mg daily is initially used. Clinicians are
now starting patients at 120 mg daily or lower for
the first few months and then increasing the dose.

TAS-102 (Lonsurf ®) is an oral combination of
trifluridine and a thymidine phosphorylase inhibitor. Trifluridine is a nucleoside analog. Tipiracil hydrochloride, a thymidine phosphorylase inhibitor,
prevents rapid metabolism of trifluridine, increasing
bioavailability. This agent is FDA approved for metastatic CRC previously treated with chemotherapy,
an anti-VEGF biologic product, and an anti-EGFR
therapy, if RAS wild-type. Hematologic toxicities
are the most common adverse effects. Treatment
with this agent improves median OS by 1.8 months.15
For those with the BRAF mutation, a regimen
of basically all the chemotherapies available can be
given, but it is difficult to tolerate and can only be
given to relatively young patients. It improves OS
to about 19 months. There are drugs specifically for
the BRAF mutation approved for use in other cancers (melanoma). Vemurafenib, as a single agent,
was not found to be beneficial in BRAF-positive
CRC.16 In combination with an anti-EGFR agent
or a MEK inhibitor, vemurafenib does produce a
response. Response rates as high as 44 percent have
been seen in small trials.17-21 These regimens are undergoing additional study.
Human epidermal growth factor receptor two
(HER2) amplification, commonly associated with
breast cancer, has been identified as a driver of resistance to cetuximab in patients with metastatic CRC.
HER2 amplification occurs in about 6 percent of
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cases. A trial found that combination of trastuzumab
and lapatinib, which are approved for breast cancer,
was effective in the HER2-positive patients, with a
35 percent response rate.22 An expanded trial looking at targeting HER2 is ongoing.
As with many other cancers, immunotherapy
is being studied in metastatic CRC. In patients
with a mismatch-repair deficiency, programmed
death-1 (PD-1) blockade has been studied in a
small initial trial and shown to have activity.23 A
larger trial examining the effect of PD-1 blockade
is in development.
MEK inhibition is another possible target in
this disease. The MAP kinase pathway is one of
the most frequently dysregulated pathways in
cancer due to hyperactivation by growth factor receptors or activating mutations. Sustained inhibition of RAS, RAF, MEK and
ERK signaling may decrease proliferation and induce apoptosis. Cobimetinib (Cotellic®) is a reversible, potent, and highly selective inhibitor of MEK1
and MEK2 that has been approved for melanoma.
As single agents, MEK inhibitors are not effective
in metastatic CRC, but there is preclinical rationale
for using them in combination with immunotherapy. MEK inhibition alone can result in intratumoral
T-cell accumulation and major histocompatibility
complex upregulation, and synergizes with immunotherapy to promote durable tumor regression.
Atezolizumab is a humanized, engineered monoclonal antibody that inhibits binding of PD-L1 to
its receptors PD-1. This inhibition can enhance Tcell priming and restore anti-tumor T-cell activity. Atezolizumab is FDA approved for lung cancer,
metastatic urothelial carcinoma, and renal cell carcinoma. Response to PD-L1/PD-1 targeting agents
in mismatch-repair proficient CRC has been lower
than seen in other indications.
In heavily pretreated patients with KRAS mutated
tumors, cobimetinib in combination with atezolizumab produced a 20 percent overall response rate.
This combination is being studied in a large trial.
A rare population of CRC are young patients who
do not have familial type CRC (<15% of total cases). The rate of CRC in young patients appears to be
increasing. Referral centers tend to see the majority
of these patients who can be as young as 19. Younger
patients tend to have high risk for poor survival.

geted therapy in addition to chemotherapy improves
overall survival. Clinicians need to continue to offer all available agents to optimize the survival of
patients. Clinical trial enrollment is always encouraged whenever possible and is the way to advance
the field of colorectal cancer treatment.
Cathy Eng, MD, FACP, is a Professor and holds the Sophie Caroline
Steves Distinguished Professorship in Cancer Research. She is an Associate Medical Director of the Colorectal Center at the University of
Texas MD Anderson Cancer Center.
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Summary
There are now numerous medications for treating epilepsy. Unfortunately, about
40 percent of patients with epilepsy have drug resistance. Surgical procedures and
medical devices are options for managing resistant disease.
Key Points
• Epilepsy is a “disease” that has special stigma and social challenges.
• There are numerous antiepileptic agents available.
• New medical and surgical treatments are available for those with medicationresistant epilepsy.
• The rates of epilepsy are increasing in the elderly population.
• Individual risk monitoring is important to avoid death from the disease.

A SEIZURE IS A SYMPTOM AND IS DEFINED
as a paroxysmal change in behavior due to abnormal
electrical activity in the brain. About 8 percent of
people have a single seizure during their lifetime.
Epilepsy is a disorder of the brain characterized by
an enduring predisposition to generate epileptic seizures, and by the neurobiological, cognitive, psychological, and social consequences of this condition.1 The disease is defined as any of the following:
1) at least two unprovoked (or reflex) seizures occurring greater than 24 hours apart; 2) one unprovoked (or reflex) seizure and a probability of further
seizures similar to the general recurrence risk (at
least 60%) after two unprovoked seizures, occurring
over the next 10 years; or 3) diagnosis of an epilepsy
syndrome.1 Choosing to treat seizures is done now
based on evidence-based rules.
Exhibit 1 shows the general classification of seizures into generalized and partial (focal). About half

of partial seizures are acquired through damage to
the brain from such things as infection, tumor, or
stroke. Generalized epilepsies tend to be genetic.
There is an evolving understanding of generalized
and partial seizures. Previously, the majority of epilepsies were characterized as ‘idiopathic.’ Today, epilepsy of unknown cause comprises a much smaller
proportion, owing to the discovery of autoimmune
epilepsies, epilepsies with lesions that are only detectable by MRI and, most importantly, the reclassification of many epilepsies previously considered
idiopathic as having a genetic cause.2 The exact proportions of monogenic and complex or polygenic
epilepsies remain uncertain. There are many unanswered questions whether genetic testing should be
conducted in the general epileptic population. Currently, many clinicians are only testing those with
epilepsy and development disabilities because these
patients many times have a genetic cause that may
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Exhibit 1: Seizure Classifications

Partial Onset

Generalized Onset

Simple
Non-Convulsive

Complex

Convulsive

Secondary Generalization

Generalized Tonic-Clonic Convulsions

affect prognosis or treatment response. For example, one genetic cause of seizures is treated with diet
therapy.
Even within a single family with a high rate of
epilepsy, there can be many different genetic causes
in each individual in the family. It is complicated to
identify the specific genetic mutations or deletions
which are leading to the disease. There is wide variation in gene expression within families; thus, only
isolated individuals may develop the disease. There
will be more genetic screenings done in patients
with epilepsy. The costs of screening are down to
about $3,000.
In treating epilepsy, there has been an explosion of
available medications that started in the 1990s. The
older agents, such as phenytoin, carbamazepine, and
valproic acid, have more side effects and generally
cause more cognitive impairment when compared
to the newer agents. For example, valproic acid can
cause birth defects and leads to an 8 point loss in
intelligence in offspring. Children exposed in utero
to valproic acid are also more likely to have developmental disabilities. The newer agents vary in their
adverse effects, tolerability, and cognitive effects.
Generalized onset seizures and partial seizures are
treated by different medications (Exhibit 2). Some
agents are broad spectrum and can treat both types.
A large number of patients have drug-resistant sei-

zures. Kwan and Brodie conducted a study to identify the factors associated with inadequate seizure
control by antiepileptic drugs (AEDs), which is the
outcome in about 30 percent of epilepsy patients.
Exhibit 3 shows the diminishing control rates with
successive trials of different drugs when patients did
not respond to the first AED (which was an appropriate choice dosed correctly).3 Seizure frequency
can be reduced, but eliminating seizures completely
is difficult in a large number of patients. Preventing all seizures is important for quality of life and
preventing disability. If patients do not respond to
the first AED, clinicians will then consider epilepsy
surgery or newer more potent agents.
Quality of life in epilepsy decreases with adverse
medication effects and depression.4 Medication adverse effects actually have more impact on patients
than the actual seizures. Treating concomitant depression is very important.
Several seizure specific, patient, and medication
factors are used for selecting an AED. Whether the
epilepsy is new onset or refractory and the seizure
type are considered. New onset seizures, depending on the cause, may not require the most potent
medication. Patient factors include age, comorbid
conditions, current medications, and compliance.
Patients over the age of 75 and those in the childbearing years require special consideration related
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Exhibit 2: Treatment Options

Generalized Onset
– Old
			• Valproate
			• Phenobarbital
– New
			• Lamotrigine
			• Topiramate
			• Zonisimide
			• Levtiracetam
			• Perampanel
– Mixed (Lennox-Gastaut)
			• Rufinamide
			• Clobazam
			• Cannabidiol

Partial Onset
– Old
			• Phenytoin
			• Carbamazepine
			• Phenobarbital
			• Valproate
– New
			• Tiagabine
			• Levtiracetam
			• Lamotrigine
			• Gabapentin
			• Topiramate
			• Oxcarbazepine
			• Zonisimide
			• Pregabalin
			• Lacosamide
			• Eslicarbazepine
			• Perampanel

to adverse effects. Medication factors include adverse effects, drug interactions, ease of use, and
ability to escalate doses. For example, a patient with
new onset focal seizures who is taking other medications, is over 75, has several concomitant conditions including renal disease would likely be put on
lamotrigine or levetiracetam, which tend to be very
well tolerated. If the patient has refractory epilepsy,
lacosamide, a newer, more expensive, but more potent agent, would be selected.
Adverse effect monitoring is very important with
any new AED. For example, retigabine was FDA approved several years ago, but after the drug was used
for more than two years in patients, purple pigmentation of the sclera, conjunctiva, lips and nail beds
was occurring in about 10 percent. More concerning was retinopathy, which occurred in 30 percent
of those exposed. This drug is only now available as
a restricted research agent.
Many of the commonly used AEDs are available as generics. Generic AEDs and competition
between generics provide significant cost savings.
This huge difference becomes balanced with concerns with formulation switches. Many patients
worry about generic switches causing plasma concentration changes and seizures or adverse effects.
Patients also insist on brand name formulations.
In the past, there were some possible issues with
phenytoin generics.5 There has been a strong push
in the United States (U.S.) to vilify generic AEDs.
The FDA has been very interested in the issue and is
now studying, in conjunction with Johns Hopkins,
generic formulations and the impact of switching
from brand name AEDs.
The FDA standard for approving a generic is that

the overall amount of medication absorbed (area under the curve, AUC) has to be within 20 percent of
the original product with a 90 percent confidence
interval. This can be 20 percent more or less than
the original. These bioequivalence studies are done
in normal volunteers. In independent studies, there
is wide variability among different formulations of
phenytoin, carbamazepine, and valproic acid. Carbamazepine is one example where there is significant variability but could possibly have a clinical
impart. Part of the issue with carbamazepine is its
poor solubility.
The comparability between brand and generics
with some of the newer agents is much more favorable, and overall there is less than a 5 percent difference. Multiple FDA sponsored studies have shown
that lamotrigine formulations are equivalent.6 The
brand name and generic formulations of lamotrigine
actually vary about 20 percent from batch to batch.
Extended-release drugs are very variable and
more variable than the immediate release formulation. There are strong food effects with extended
release. Patients need to be consistent in taking extended release AEDs in terms of time of day and
food accompaniment.
Overall, generic products are typically 75 percent cheaper than reference products and so should
be used by most patients. Individual patients with
seizures or possible adverse drug effects after formulation changes can be evaluated with seizure and
pill-taking diaries and medication levels. Individual dosing needs often dominate possible product
switching effects. A small number of AEDs have
complex pharmacokinetics (phenytoin) or variable
absorption (carbamazepine); thus, it may be best to
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Exhibit 3: AED Efficacy3
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3%
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36%

use single formulations of modified release formulations of these drugs, along with careful clinical
monitoring. Some pharmacies switch the generic
they carry frequently, which is not a good idea.
Some new surgical and neurostimulation treatments for epilepsy are now available. Laser thermal
ablation of amygdala/hippocampus is effective for
temporal lobe epilepsy and focal epileptogenic lesions. Thermal ablation is preferred over craniotomy
because of lower risk of infection, less disruption
of brain tissue, and improved cognition. With this
technique, stereotactic placement of the laser probe
to ablate small targets in the brain responsible for
seizures is done using MRI. The laser has a size of
a piano wire tip. Patients only require a one night
hospital stay and can be back at work in three days.
Craniotomy typically requires a three to four day
hospital stay and a longer recovery. Ablation is used
for hippocampal sclerosis, periventricular nodular
heterotopia, and cortical dysplasia.
With responsive neural stimulation (RNS™,
Neuropace) for nonresectable focal epilepsy, electrodes can be placed directly on the brain, and the
device counter-stimulates seizures when they occur.
Seizure detection by the device occurs 15 to 20 seconds before symptoms occur. Patient selection has
to be done carefully because only about 50 percent
of patients will benefit. The ideal patient has more
than one focal area which cannot be resected or has
a lesion in a critical area of the brain for speech or
vision. It probably is best for patients with temporal lobe seizures, especially bilaterally. Studies have

shown a 29 percent reduction in seizures, but the effects tend to take several months to be evident. This
treatment likely has a modulatory effect rather than
a direct effect of blocking synchronized firing in the
brain. The device is FDA approved, and it has to be
replaced every three to four years.
An issue in epilepsy is the rate of new cases in
the elderly. Rates of unprovoked seizure have
been shown to increase after age 60.7 The high
rate of vascular disease, including hypertension, is
part of the reason for the high rate in the U.S. The
elderly are the most common group with newly
diagnosed epilepsy. Avoiding cognitive adverse effects is important in the elderly. Underlying vascular and other health causes of epilepsy need to
be treated aggressively in the elderly to prevent
development seizure disorder. Smoking cessation
is also important. Exercise is helpful in reversing
microvascular disease in the brain and preserving
cognitive function.
Clinicians need to be aware of sudden unexpected death with epilepsy (SUDEP). This is sudden death, usually at night, during seizures. The
risk is one in 500 per year, but the risk increases
to 1 percent per year in uncontrolled epilepsy. The
mechanism of SUDEP in those with tonic-clonic
seizures appears to be oxygen desaturation, postictal generalized EEG suppression which causes
immobility, and peri-ictal autonomic alterations.
Patients who are sleeping facedown when a seizure
occurs are at risk because of immobility during the
post-ictal suppression period can lead to suffoca-
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tion and apnea with post-ictal hypoxemia. As a result, cardiac arrhythmias occur, leading to death.
Risk for SUDEP increases with the age of seizure
onset.8 Researchers are trying to find ways to prevent SUDEP. One example is an application (App,
EpiWatch) under study that works with the Apple
Watch which tracks vital signs and alerts caregivers
to intervene with the patient.
Apps are going to become more common in
epilepsy management. In addition to being used
for SUDEP prevention, they will be used for logging seizure frequency, identifying seizure triggers,
tracking medication adherence and side effects, and
detecting clinical manifestations. Apps can detect
convulsions or shaking with accelerometers, falls
with a gyroscope, and heart rates. The FDA is considering how to regulate these medical apps.

population and the rampant rates of diabetes, hypertension, and other vascular diseases. Individual risk
monitoring is important to avoid SUDEP.
Gregory Krauss, MD, is a Professor of Neurology at Johns Hopkins
University.
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Summary
Overall, those infected with HIV are doing much better in terms of life expectancy and general health than 20 years ago and continue to do better. Antiretroviral
therapy has become more effective, better tolerated and easier to take. Improved
therapy is also leading to lower rates of complications.
Key Points
• Everyone with HIV infection should be started on therapy as soon as possible
rather than delaying therapy.
• Single daily tablet regimens result in the highest rates of adherence.
• Medication adherence has to be at least 95 percent to prevent resistance.
• Complications of HIV and its treatment therapy have been reduced.
• Generics and truncated regimens are likely to transform therapy in the next
few years.

IT IS AMAZING HOW FAR HEALTH CARE FOR
human immunodeficiency virus (HIV) infection
has come since the initial discovery of this disease.
It is now possible to give those infected a single
daily antiretroviral that allows them to have no
complications of their disease. Rather than being
uniformly fatal, HIV infection is now managed as
a chronic disease.
In the late 1990s, three antiretroviral therapy
(ART) combinations became the norm for treatment
and an accurate way to measure viral load became
available. With advances in care, life expectancy
remaining after an HIV diagnosis at age 20 years
increased from 36 to 49 years from 1996 to 2000 to
2008 to 2011. HIV-infected patients who had the
largest gains in life expectancy were those who initiated ART with CD4 >500 cells/mm3.1 Currently,
the difference in life expectancy between those with
HIV who do not smoke and do not have hepatitis
coinfection, and those without the disease, is only
about five years. Over 80 percent of diagnosed and

treated people with HIV have undetectable viral
load (< 20 copies/mL).2 This includes minority, female, and young populations who traditionally have
not done as well as other groups.
The question of when is the best time to initiate
HIV therapy has recently been answered. Immediate initiation of therapy at diagnosis resulted in a
57 percent reduction in risk of acquired immunodeficiency syndrome (AIDS) defining conditions and
serious non–AIDS defining events [cardiovascular
disease (myocardial infarction, stroke, or coronary
revascularization) or death from cardiovascular
disease, end-stage renal disease or death from renal disease, decompensated liver disease or death
from liver disease, non–AIDS-defining cancer (except for basal-cell or squamous-cell skin cancer) or
death from cancer, and any death not attributable to
AIDS]. These non-AIDS related events are now appreciated as complications of HIV infection.3 Those
who immediately start on ART are less likely to get
both AIDS defining cancers such as Kaposi’s sarco-
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Exhibit 1: Determinants of Successful ART
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ma and lymphomas and other cancers. This trial led
to a change in worldwide HIV treatment guidelines,
even in developing nations where cost of ART is
a major issue. Everyone with HIV infection should
be started on therapy as soon as possible rather than
delaying therapy.
Exhibit 1 illustrates the four interrelated components that play a role in antiretroviral adherence and
therefore should be addressed when initiating treatment. Designing a general strategy for interventions
specific to each of these components right from the
beginning of treatment is a key factor in the overall
success of anti-HIV therapy. Concomitant conditions such as cardiovascular disease, renal disease,
hepatitis B and hepatitis C infection have to be considered. For example, tenofovir disoproxil fumarate
(TDF) should be avoided in those with renal disease.
Adolescents and those who have alcohol or substance use disorders are prone to nonadherence.
Unlike with other diseases, if individuals do not
adhere to medication regimens and do not adequately suppress the viral load, the virus will develop resistance to one or more of the medications
being used. Adherence must be at 95 percent or
better to prevent resistance. If there are concerns
about adherence, a regimen with a high barrier to
resistance should be chosen.
Resistance development is also an issue because
cross-resistance to other drugs in the same class also

occurs. If this occurs, some other class of ART will
have to be used. Although there are many ART
agents available only a handful are primarily used
because of their safety or efficacy advantages. Eliminating the better agents through nonadherence and
resistance development makes successful therapy
more difficult.
Simplicity in an ART regimen is very important
for adherence. A single tablet daily regimen compared with multiple tablet regimens (once, twice, or
more daily) results in much higher adherence rates.4
Even taking multiple tablets only once a day results
in worse adherence than a single tablet daily regimen. Single daily tablet regimens also result in lower
rates of hospitalization.5 Patients who are 95 percent
adherent with any regimen have similar hospitalizations rates. It is really the adherence rate that matters the most and single daily tablet regimens result
in the highest rates of adherence. In terms of overall
costs, single tablet regimens save money.
In the United States, there are two major treatment guidelines for HIV – Department of Health
and Human Services (DHHS) and International
Antiviral Society–USA (IAS-USA).6,7 The DHHS
guidelines are updated more frequently and are the
ones most often used by clinicians. The DHHS
guidelines endorse six regimens in treatment naïve
individuals (Exhibit 2).6 Five of these are based upon
integrase inhibitors and one on protease inhibitors.
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Exhibit 2: DHHS Recommended Regimens6

Regardless of Baseline HIV RNA Level or CD4 Count

Integrase strand transfer
inhibitor- based

Raltegravir + emtricitabine/tenofovir DF or emtricitabine/tenofovir AF
Elvitegravir/cobicistat/emtricitabine/tenofovir AF*
Elvitegravir/cobicistat/emtricitabine/tenofovir DF*
Dolutegravir/abacavir/lamivudine*
Dolutegravir + emtricitabine/tenofovir DF or emtricitabine/tenofovir AF

Protease inhibitor
based

Darunavir + ritonavir (qd) + emtricitabine/tenofovir DF or emtricitabine/tenofovir AF

*Available as a once-daily, single-tablet regimen.

Because the recommended regimens change often,
clinicians should consult the online guidelines. The
recommended combinations are included in the
guidelines because of better efficacy on reducing
viral load to less than 50 copies/mL, lower rates of
viral failure and resistance, safety, and tolerability.
Efavirenz-based regimens are no longer in the
first-line recommendations because of the adverse
effect of increased risk of suicidal behavior.8 The
impact of efavirenz exposure on suicidal behavior
is particularly high in those with a prior psychiatric
diagnosis.
Those with HIV infection have a more rapid decline in bone mineral density (BMD) with aging
compared to those without the infection. The irony
is that starting ART accelerates this decline. One
formulation of tenofovir (alafenamide, TAF) causes
a slower decline in BMD than the other formulation
(disoproxil fumarate, TDF).9 Thus, TAF is preferred
over TDF.
Dolutegravir is a phenomenally potent integrase
inhibitor which is having a huge impact on HIV
treatment. It is available as a single agent or in combination as a single daily tablet regimen with abacavir and lamivudine. Dolutegravir has a very high
barrier to resistance development in comparison to
raltegravir or elvitegravir, the other integrase inhibitors. This agent is also better at achieving undetectable viral loads than raltegravir in those with a high
baseline viral load.10
A common clinical decision that has to be made in
HIV treatment is whether to switch a patient from
an older ART regimen to a newer regimen. This
may be done because of adverse effects, inefficacy,
or convenience (lower tablet burden). One common
switch is from TDF to TAF. One trial found no dif-

ference in viral load in a switch trail between these
two agents.11 The switch to TAF resulted in significant improvements in kidney function markers,
spine and hip bone mineral density, and reductions
in osteopenia/osteoporosis but significant increases
in fasting lipids.
Cardiovascular disease (CVD) is a consequence of
HIV infection. CVD-related causes of death are the
second leading cause of non-AIDS HIV-positive patient deaths.12 It is important to note that CVD outcomes are underestimated in HIV-positive patients
by risk calculators.13,14 The rate of CVD in HIV infected patients has been declining with improved
treatment regimens as noted before. The rate of
myocardial infarction and stroke are now the same
between the HIV and non-HIV population.15,16 The
reduced rates are likely due to CVD risk reduction
awareness and treatment, lipid-friendly ART, and
reduced immunodeficiency.
Another consequence is bone effects. HIV-positive patients have a 6.4-fold increased risk of low
BMD and a 3.7-fold increased risk of osteoporosis
compared to those with HIV.17,18 Additionally, they
also have a higher risk of fracture. ART is associated
with a 2 to 6 percent loss in BMD during the first
two years of therapy.19-23 Thus, it is important to use
bone sparing agents such as TAF compared to TDF
to preserve BMD.
Drug-drug interactions have to be considered in
HIV treatment. Treatment selection can be complicated because of interactions. Many ART regimens interact with the agents used to treat concomitant hepatitis B and C. Regimens may need to
be changed to account for these interactions when
hepatitis therapy is started. There are a few agents
and regimens without significant drug-drug inter-
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Exhibit 3: Average Monthly Wholesale Prices of Preferred Combinations

Combination

Price ($)

Dolutegravir/abacavir/lamivudine (Triumeq)

2,889

Elvitegravir/cobicistat/tenofovir alafenamide/emtricitabine (Genvoya)

3,093

Elvitegravir/cobicistat/tenofovir disaproxil fumarate/emtricitabine (Stribild)

3,245

Raltegravir (Isentress) + tenofovir disaproxil fumarate (Truvada)

3,305

Raltegravir (Isentress) + tenofovir alafenamide (Descovy)

3,305

Darunavir/cobicistat (Prezcobix) + tenofovir alafenamide (Descovy)

3,622

actions (dolutegravir, abacavir/lamivudine, TAF/
emtricitabine).
HIV therapy is expensive (Exhibit 3). It is difficult
to keep formularies up to date with the HIV guidelines, so a mechanism for approving new agents for
payment before incorporation into a given formulary. There is not significant cost savings yet with
generics because few of the preferred combinations
are available. Generic TDF will be available at some
point in 2017. This will have a huge impact on the
market. A formulation with generic TDF and lamivudine in combination with doravarine, an investigational non-nucleoside reverse transcriptase
inhibitor which will likely be hitting the market in
late 2017
Because of cost consciousness, European investigators have studied less expensive options to conserve
resources as best possible. A two-drug combination
(dolutegravir + lamivudine) has been found successful in a small number of treatment naïve patients.
Two large trials are ongoing testing the concept of
the two agent ART. If these trials are successful,
it will dramatically change how naïve patients are
treated.
A two-drug combination (dolutegravir + rilpivirine) is also being studied in patients with resistance
and a great deal of treatment exposure. It has been
successful in a small trial and two large trials are ongoing testing this regimen. Proof of success would
transform the treatment of those with resistance.
Bictegravir is another investigational integrase inhibitor. Based on early trials, this agent will replace
dolutegravir because it does not have to be boosted
with additional agents.

from more effective, better tolerated and easier to
take antiretrovirals. Some bothersome complications of HIV therapy such as cardiovascular, renal
and bone effects are less frequent. The availability of
generics and truncated regimens in the future may
help reduce costs of care
Ian Frank, MD, is a Professor of Medicine at the University of Pennsylvania.
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Summary
Although five products have reached the market, the debate about biosimilars continues in the United States (U.S.) with an evolving approval process. Interchangeability of biosimilars is not yet solidified nor is the process of how this will happen.
A large number of additional biosimilars are likely to hit the market in the next few
years.
Key Points
• A biosimilar is a biotherapeutic product which is similar in terms of quality, safety
and efficacy to an already licensed reference biotherapeutic product.
• Opportunity exists to expand patient access through the availability of lower cost
biosimilars.
• There are still issues to be addressed related to interchangeability of biosimilars.
• Whether biosimilars will reduce the overall cost of biologic therapy is yet to be
determined.

THE COST IMPACT OF BIOLOGICS IS A
major concern for managed care. Over the past 10
years, the biologics have had a fivefold higher market growth rate compared to the 1 percent growth
rate with traditional pharmaceuticals. Biologics for
rheumatoid arthritis and cancer are two major areas
of costs. The prospect of biosimilars with reduced
costs may help with overall cost containment, but
there are various issues that need to be resolved before there will be wide adoption of biosimilars.
Because of the intricate manufacturing, purification process, and the complexity of living cells from
which they are made, biologics cannot be copied exactly. Unlike with generic pharmaceuticals, a biosimilar is not considered to be identical to the originator biologic, as manufacturers of biologics use
their own unique cell lines, post-translational modifications and proprietary manufacturing processes.
According to the FDA, a biosimilar is a biological
product that is highly similar to a U.S. licensed reference biological product (originator biologic) not

withstanding minor differences in clinically inactive components, and for which there are no clinically meaningful differences between the biological
product and the reference product in terms of the
safety, purity and potency of the product.
According to the European Medicines Agency
and the World Health Organization, a biosimilar
demonstrates similarity to the reference product in
terms of quality characteristics, biological activity,
safety and efficacy based on a comprehensive comparability exercise. Biosimilars have been available
in Europe for over a decade, with at least 22 biosimilars on the market without any major demonstrated
problems related to safety or efficacy.
In March 2010, the Biologics Price Competition and Innovation Act was enacted, authorizing the FDA to establish a regulatory pathway for
biosimilars. In 2012, the FDA issued draft guidance with proposed criteria for a pathway for biosimilar approval. Currently, the FDA guidance on
interchangeability among biologics and biosimilars
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Exhibit 1: Biologic versus Biosimilar Biologics License Application Pathways

351(a)

351(k)

“Traditional” process for biologic approval

Step-wise, collaborative approval process

Compares biological drug to placebo

Compares biosimilar to reference product

Clinical trials required
(Phases I-III)

Phase III clinical trial requirement
etermined on a case by case basis
by FDA depending on biosimilar
package, not mandatory

Indications based on clinical trials

Allows for extrapolation of all indications
of innovator if deemed applicable
(including pediatrics)

No substitution

Potential for substitution approved
interchangeable biosimilar

One Approval

Two Levels of Approval

New Biologic Drug

Biosimilar Drug OR
Interchangeable Biosimilar Drug

is not finalized and likely will not be finalized until the end of 2017 or later. Several critical issues
remain unanswered, including to what extent the
biosimilars pathway should be abbreviated, the extent of clinical data that should be required for approval, the determination of when an agent could
be designated as interchangeable with the originator
biologic, and biosimilar nomenclature and suffixes.
Despite these issues, currently there are five FDA
approved biosimilars [filgrastim-sndz (Zarxio®),
adalimumab-atto (Amjevita®), etanercept-szzs
(Erelzi®), infliximab-dyyb (Inflectra®), infliximababda (Renflexis®)]
Biosimilars are FDA approved by an abbreviated pathway compared to the originator pathway
(Exhibit 1). The 351k pathway for the approval of
biosimilars of originator biologics that have previously been licensed establishes the evidentiary requirements and process for evaluating biosimilarity
and postmarketing pharmacovigilance. A biosimilar
product is approved by the FDA if it has the same
mechanism of action, route of administration, dosage form and strength as the reference product. It
will only be approved for the indication and condition of use that have been approved for the reference
product. The FDA may allow the manufacturer of a
biosimilar, only studied in one indication or disease
area, to receive approvals for additional indications,
if consistent with the reference biologic product.
Outside the U.S., most regulatory agencies are
using a similar approach of requiring at least some

clinical data before approving biosimilars. They
are not making decisions based solely on analytical
comparability but are seeking some data on equivalent efficacy.
The idea of interchangeability among biosimilars
is still a problem that has to be addressed. Many of
the Norwegian countries allow direct interchangeability, whereas several of the European Union (EU)
countries do not allow any substitution. Another issue is the standard of only having to show equivalency in one indication versus all indications. Translating efficacy across indications is an issue which
managed care will have to address when evaluating
biosimilars for formulary inclusion.
Additionally, there are still a number issues related to federal program reimbursement that have
to be worked out. In October 2015, the Centers for
Medicare and Medicaid Services (CMS) issued a final rule that groups all biosimilars for a given reference product in one Medicare Part B
reimbursement code, thereby setting reimbursement at a blended average of the biosimilars’ prices. The federal Anti-Kickback Statue precludes
Medicare Part D insurance providers and Medicaid managed care organizations from offering physicians financial incentives to prescribe
biosimilars. Lastly, the Affordable Care Act
set reimbursement at the biosimilar's average
sales price (ASP) plus 6 percent of the reference product’s ASP, making the reference biologic’s ASP higher than a biosimilar's ASP.
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Exhibit 2: Differences in Required Development Stages for Originator Biologic and Biosmilar

Reference Biologic Development

Discovery

Development

Pre-clinical

Phase I

Phase II

Phase III

(Total costs: $1 billion plus)
Biosimilar Development
Development

Pre-clinical

Phase I

Phase III

(Total costs: $100 - $200 million)

1

2

3

4

5

6

The great hope for health care and managed care
specifically is lower overall costs with biosimilars. As
shown in Exhibit 2, development costs for originator biologic products are primarily clinical, whereas
those for a biosimilar are primarily analytical to
prove similarity. Because of the abbreviated process,
the overall cost of development is lower.
Biosimilars are different from traditional generic
pharmaceuticals in that managed care will not be
seeing the wide sweeping discounts that are seen
with generics. As shown in Exhibit 3, there are significant differences in development time and costs
between these two types of follow-on products. Traditional brand name drug prices routinely decline
by 60 percent or more through generic competition
after patents expire, and brand name manufacturers
lose roughly 80 percent of their market share once
a generic is available. Whether this will happen in
the U.S. market with biosimilars is not yet known.
Biosimilar competition with branded biologics
more closely resembles brand-to-brand competition with traditional pharmaceuticals. In the EU,
biosimilar products have not taken over the market
as aggressively as generics. In countries with biosimilar markets, the median price reduction due to
biosimilar competition is 28 percent (2006-2013).1-4
EU price discounts range from 6 to 54 percent. This
varies widely because of differences in health care
structure among countries. There are many differences across the EU in terms of biosimilar substitution. Some countries use of biosimilars are driven
solely by price, some by the overall amount allowed

7
Years

8

9

10

11

12

to be spent on a particular disease, and others based
on national evaluation of individual products. Some
countries switch all patients and others only put new
patients on a biosimilar to minimize antigenicity issues. Other countries have a middle of the road approach where biosimilars are used only when there
is a reason to change products.
The expected discount on biosimilars in the U.S.
is 10 to 30 percent. Discounts may vary by the “quality” of the manufacturer. A known quality manufacturer may provide a 10 to 20 percent discount,
whereas an innovator manufacturer may provide a
less than 10 percent discount and the emerging, less
well-known manufacturer may provide a 30 to 50
percent discount. Managed care contracting can also
have a significant impact on those discounts.
The primary drivers for biosimilars are cost savings
and improving access as a result of lower costs. A 40
percent discount would significantly drive change
to a biosimilar but as already noted this is larger than
what is expected. The 40 percent level of discount
is not likely to occur with the first biosimilar approved in a given category, but it may occur once
the second or later products are approved. It may be
a decade or so before these major discounts occur.
Currently, biologics tend to be reserved for moderate to severe disease. With lower costs, treating patients with lesser severity of disease may be an option.
Showing value in mild severity of illness with a less
costly option may expand access. Lower costs may
also allow longer treatment of a given individual.
Biopharmaceutical complexity is one pathway to
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Exhibit 3: Biosimilar versus Generic Business Impact

Biosimilar

Generic

Similar to Reference Product
• 20 - 30% discount
• $100 - $200 million development costs
• 8 - 10 year in development
• Interchangeability challenges

product variation that has to be considered with
biosimilars. Even minor structural difference can
significantly affect a protein’s safety, purity, and/
or potency. Distinct batches produced by the same
manufacturer of a given biologic can have clinically
meaningful variation in both efficacy and side effects. Batch-to-batch variation in important quality
characteristics has been observed in EU marketed
biologics. Manufacturing processes are protected
information, so the producers of biosimilars must
develop processes de novo, which may increase the
likelihood of important quality differences. For
small molecules, a 20 percent difference is within
the acceptable limits of bioequivalence. Similar metrics are not available for biologics, whose complexity
requires case-by-case analysis.
Difference in structure can also impact adverse
effects. Protein-based pharmaceuticals can induce
antibodies in humans, leading to immunogenicity
problems. This in turn can lead to either increased
dose requirements, or even loss of potency. Although some regulatory agencies believe current
methods are adequate, technology cannot perfectly
predict immunogenicity and its incidence for protein-based drugs. For example, a new formulation
and form of administration for recombinant human
erythropoietin outside the U.S. was associated with
an unexpected increase in the severe hematological
disorder, pure red cell aplasia.
The current biosimilars in the EU have been
good products from quality manufacturers. Concerns about less than quality manufacturers may

Identical to Reference Product
• 80% - 90% discounts
• $1 - $5 million development costs
• 3 - 5 year in development
• Guaranteed interchangeability

delay wide adoption in the US. For example, there
are non-original biologics made in India which may
be substantially cheaper but which may never be
approved for use in the U.S. because of questions
about quality. These products will likely be targeted
to Third World countries. Exhibit 4 compares the
different types of products.
Bio-betters are yet another issue which will have
to be dealt with. Bio-betters are products that have
some improved formulation or characteristic over
the innovator and would be patentable (Exhibit 4).
Whether these products will be seen as a step ahead
or a step sideways is yet to be determined. Pricing
compared to the originator biologic is also yet to
be determined, but the bio-betters may command a
premium price because of their advantages.
Interestingly, the large U.S. manufacturers are not
only producing and studying original biologics but
are also producing biosimilars of their competitors’
products. This is going to lead to a very crowded
marketplace and will likely bring additional price
reduction pressures.
As mentioned previously, defining interchangeability of a biosimilar with the originator biologic
is a problem yet to be solved in the U.S. An interchangeable biological product, in addition to meeting the biosimilarity standard, is expected to produce the same clinical result as the reference product
in any given patient, and for a product that is given
to a patient more than once, the risk in terms of safety and effectiveness of alternating or switching between the interchangeable and the reference product
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Exhibit 4: Comparing Various Biologics

Biologics

Originals

Type

Example
Description

Target

True Innovator

Non-originals

Bio-Betters

Biosimilars

Non-original
biologics

• Eprex®
(Amgen)

• Aranespo® 		
(Amgen)

• Binocrit ®
(Sandoz)

• Ceriton®
(Ranbaxy - India)

• Disruptive
technologies,
big advances in
efficacy

• Efficacy/safety 		
improvements

• Affordable, high
quality

• Less stringent 		
comparability

• New drug
against new
target

• Same target, 		
but differ		
entiated (e.g. 		
better efficacy,
safety, adminis-		
tration)

• Clinical
equivalence and
comparability to
originators

• Drug aiming at a
copy of innovator

is not greater than the risk of using the reference
product without alternating or switching. The analytical standard for defining that the risk with two
products is equivalent has yet been established. The
FDA “Purple Book” for biological products enables
a user to see whether a biological product licensed
under section 351(k) of the PHS Act has been determined by the FDA to be biosimilar and/or interchangeable with a reference biological product. The
currently approved biosimilars in the U.S. are only
designated as biosimilar and not interchangeable
with the originator products. Once the interchangeability issue is solved, there will likely be wider biosimilar product use.
Twenty-two states have passed legislation governing biosimilar pharmacy substitutions in anticipation of FDA approval of interchangeability. Some
of the laws may have to be updated as the market
changes. Most of the states are seeing biosimilars
purely as a cost saving issue.
Rebates and discounts are another issue to be
solved for access to biosimilars. If a plan is already
getting good pricing on an originator product, it
will be hard to force the issue of moving to a biosimilar. There may be a wave-like effect where the
originator product will have to catch up in the race
to the bottom for price.
Pharmacovigilance is a limited mechanism for
post-market detection of safety issues with biologics. Safety problems with biologics may be difficult

• Focus on patient 		
access, emerging
markets

to identify in a timely manner because they are rare
and require high utilization rates to detect. Also,
they may mimic symptoms of the disease being
treated or existing conditions in the population. A
recent analysis of the FDA Adverse Events Reporting System found only about less than one-fourth
of suspected safety issues with biologics reported
could be identified at the batch level. This is primarily because of issues with nomenclature. Interchangeability may exacerbate pharmacovigilance
difficulties if documentation does not adequately
identify which biologic or biosimilar was utilized.
An Academy of Managed Care Pharmacy task force
has recommended development of a distributed research network-based surveillance system to monitor biosimilars and innovator biologics for clinical
and safety outcomes.5
The global biologic medicines market is projected
to exceed $390 billion by 2020, when biologics will
account for up to 28 percent by value of the global
market for pharmaceuticals. In 2017 and 2025, there
are two big waves of products coming off patent.
The cumulative potential savings to health systems
in the five major EU markets and in the U.S. could
exceed $55 to $110 billion in aggregate over the
next five years, representing a 25 to 50 percent potential savings.
A competitive marketplace is needed to deliver sustainability for payers, physicians, and
manufacturers alike. Providers, patients, and
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payers will require education on the roles of
biosimilars. If there are signif icant cost savings
with biosimilars, payers will have incentive to
promote them using new tiered formularies,
innovative fee schedules, and marketing initiatives. Payers need to ensure that physicians and
manufacturers are fully incentivized to drive
uptake of biosimilar products. There will likely
be a change in focus by payers from cost to utilization and outcomes. Physicians could receive
a f inancial incentive for prescribing biosimilars
while protecting prescribing f lexibility. Manufacturer’s incentives to invest in new products
are also required to ensure that qualif ied and capable sources of supply remain.
Some factors could derail biosimilar savings.
Continued innovation will constantly push up
therapeutic costs. Additionally, related diagnostics,
biomarkers, devices, and personalized medicine
will continue to drive up costs. Manufacturers with
proven quality products may demand a price premium for patient and provider confidence, avoided
immunogenicity, and consistent delivery. Overall
utilization of biologics is likely to increase. This
may or may not have a net savings impact through
improved disease outcomes. The impact of greater
numbers of providers in accountable care organizations and other narrow networks may actually limit overall biologic use. Originator product manufacturers may match discounts to limit competition
from entering a market. Originator manufacturers
will also continue to produce biosimilars of competitors and may offer a single contract for category
saturation to grab market share. Coupled payments
which contract for the biologic and accompanying
biomarker test, at a guaranteed package price, are
also likely to occur. The development of coupled
payments has been attempted in the EU but has not
been successful yet. If prices get too low, this may
serve to drive smaller manufacturers out of busi-

ness, favoring the larger manufacturers who can
then command higher prices.
Conclusion

Biosimilars will bring new opportunities, but the
cost savings will not be as dramatic as with generic
pharmaceuticals. More patients may get treated
because of lower costs. The future of biosimilars
is whether they can get a price that everyone will
be willing to make the change, but the quality of
the manufacturer will also have impact on adoption. There is not yet a streamlined, clear pathway
toward utilization of biosimilars, with a number
of barriers still in the way. By competing with
originator biologics across a wide range of therapy
areas, stakeholders – including payers, physicians,
and patients – will benefit from a greater choice in
treatment options.
Grant D. Lawless, RPh, MD, FACP, is an Associate Professor of Pharmaceutical and Health Economics and Director, Healthcare Decision
Analysis at the Leonard Schaffer Center for Health Policy & Economics
at the University of Southern California.
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Summary
Immunotherapy is the most recent revolution in cancer treatment. Harnessing a
person’s own immune system to fight the cancer is producing successes in several
cancers. Although immunotherapy is improving survival, it is not without issues,
including the serious adverse effects and the dramatic costs.
Key Points
• Immuno-oncology uses immunotherapies which allow the normal immune system
to recognize and destroy cancer cells.
• The T cell is a major target for immunotherapy.
• Checkpoint inhibitors of T cells are now available for select cancers.
• These agents are improving overall survival rates with some patients have very
long- lasting responses.

CANCER IS THE SECOND LEADING CAUSE
of death in the United States. Cancer is not new;
it was described in ancient manuscripts as early as
1600 BC and has been found in Egyptian mummies.
Hippocrates (460-370 BC) named it karkinos.
Oncology treatment used to focus on surgery,
radiation, and chemotherapy. Surgery to remove
tumors began as far back as 1500 BC. In 1896,
Wilhelm Conrad Roentgen discovered the use of
radiation. In the 1900s, the method within our body
that keeps us all from getting cancer was discovered
along with the oncogenes which cause cancer. The
1950 to 1980 period was the age of chemotherapy, including alkaloids, purine analogues, taxanes,
camptothecins, platinum compounds, and anthracyclines. Starting in 1990, targeted therapies, including
tyrosine kinase inhibitors, monoclonal antibodies,
and serine kinase inhibitors, began to be approved.
These work on different cellular pathways which
allow cancer cells to grow that are targeted to different tumors with specific genetic mutations. The
focus has now shifted to immunotherapy, which is
being termed immuno-oncology (I-O). This is the

most disruptive approach to oncology in the past
several decades. There are now multiple approaches
that work through stimulating or activating the immune system to recognize and kill cancer cells.
In the late 19th century, William B. Coley demonstrated the importance of activating the immune
system in a cancer patient by injecting a live culture
of bacteria into a tumor. The entire immune system
participates to help defend the body from a tumor.
The immune system is divided into two branches: innate immunity and adaptive immunity. Innate
immunity, which includes natural killer (NK) cells,
macrophages, dendritic cells, T and B cells, and cytokines, will destroy anything it recognizes as nonself and is always turned on. The innate response
is the rapid recognition and eradication of invading
pathogens (macrophages, monocytes, eosinophils,
NK cells) and soluble mediators (activation of the
complement cascade and acute phase reactants). Activation of the innate response triggers the expression of costimulatory molecules and cytokines that
allows for the specific adaptive response by cellular
(T and B cells) and humoral elements. Provenge® is

www.namcp.org | Vol. 20, No. 4 | Journal of Managed Care Medicine 53

Exhibit 1: Approved Immuno-Oncology Therapies

Agent

Target

Approved Indications

Ipilimumab (Yervoy)

CTLA

Metastic melanoma

Pembrulizumab (Keytruda)

PD-1

Unresectable or metastatic melanoma
Metastatic NSCLC
Head and neck squamous cell carcinoma

Nivolumab (Opdivo)

PD-1

BRAF V600 wild-type unresectable or metastatic melanoma
Unresectable or NSCLC in combination with ipilimumab
RCC previously treated with anti-angiogenic therapy
Hodgkin lymphoma (classical) that has relapsed or progressed
after autologous hematopoietic stem cell transplantation and
post-transplantation brentuximab vedotin.

Atezolizumab (Tecentriq)

PDL-1

Locally advanced or metastatic urothelial carcinoma
Metastatic (NSCLC) with progression during or following
platinum-containing chemotherapy

an example of an I-O treatment that takes a patient’s
dendritic cells and exposes them to antigen-targeting prostate cancer cells, which are then injected
back into the patient.
The adaptive immune system, including CD4+
helper T cells, CD8+ cytotoxic T cells, and antibodies, is off at most times and has to be primed
to work. Activation requires antigenic fragments be
presented by the major histocompatibility complex
(MHC) to antigen-specific receptors on CD8+ T
cells. Immunizations work through the adaptive
immune system. The HPV vaccine is an example of
a vaccination that is used to prevent cancer.
The immune system is a balance between a surveillance (always on) and permissive system (able to
mount an attack). The immune system has a series
of checks and balances which can be thought of as
the brakes on the immune system. Tumors can develop receptors that allow it to be recognized by the
immune system as normal cells. Programmed cell
death-1 (PD-1), programmed cell death ligand-1
(PD-L1), and T-lymphocyte-associated antigen-4
(CTLA-4) are all important in the body recognizing self from nonself cells.
Cancer is both a genetic and an immune disease.
It is the result of multiple acquired genetic mutations to a series of normal cellular functions that occur inappropriately. Tumor cells have accumulated
enough mutations to overcome the natural ability
of the body to prevent the growth of nonself cells.
Immunotherapy is a treatment that can activate
the immune system against a variety of proteins.
The adaptive immune system can keep pace with
the tumor as it mutates over time, if activated.
Therapies that activate the immune system to target

tumors are a theoretically attractive approach for
cancer management. Developmental hurdles have
included a lack of reliable biomarkers to indicate
whether the tumor has the right proteins that the
immunotherapy targets, antigenic similarity of tumor cells and normal cells which can lead to death
of normal cells (adverse effects), and the immunosuppressive nature of the tumor environment. Tumors do not live in a normal environment; they are
often poorly vascularized.
The T cell is a major target for immunotherapy.
There are activating and inhibitory receptors that
can be targeted. Activating receptors turn the T cell
on to attack, whereas blocking inhibitory receptors
also allows the T cell to kill cells by preventing it
from hiding behind these receptors.
Some cancers have more genetic mutations than
others. Prevalence of somatic mutations is much
higher in melanoma and some lung cancers.1 In
both cancers, response to immunotherapy is best in
patients with a high mutational load.2,3 Lung cancer in nonsmokers and anaplastic lymphoma kinase
(ALK) or epidermal growth factor receptor (EGFR)
mutation driven tumors have fewer immunogenic mutations and respond less to immunotherapy.3
There are exceptions to this; Hodgkin’s lymphoma
has an 80 percent response rate to immunotherapy;
yet, mutational burden is not very high. So, this
area needs further study.
The immune system relies on the programmed
death (PD) system and cytotoxic T-lymphocyte
(CTL) mechanisms in part to kill tumor cells as they
develop. Tumors that possess the genetic makeup to
manipulate the PD system can effectively evade the
immune system. PD-1 is a receptor on a T cell and
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Exhibit 2: T Cell Targets For Immunoregulatory Antibody Therapy
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CTLA-4 = cytotoxic T lymphocyte-associated antigen 4
PD-1 = programmed cell death 1
TIM-3 = T cell immunoglobulin mucin-3
LAG-3 = lymphocyte-activation gene 3

PD-L1 is a ligand (or connector) for PD-1 on cells
both normal and cancerous. If a cell does not have
PD-L1, the T cell can kill it. If a cell has PD-L1, it
will tell the T cell to ignore it; essentially the cell
turns off the T cell. Blocking the PD-1 or the PDL1 on a tumor cell allows the T cell to see it and kill
the tumor cell. Anti-PD-1 and anti-PD-L1 therapies
are now FDA approved. The anti-PD-1 agents are
pembrolizumab and nivolumab and atezolizumab is
the anti-PD-L1 agent.
CTL can recognize and destroy cancer cells.
Some cancers have an inhibitory mechanism that
interrupts this destruction. Ipilimumab targets the
CTLA-4 protein receptor that down-regulates the
CTLs. Exhibit 1 lists the approved indications for
immunotherapy agents used in oncology which are
also known as checkpoint inhibitors.
A way to quantify the PD-L1 receptor and predict
efficacy of PD-1/PD-L1 blockers is through the use
of biomarkers. There are multiple tests for PD-L1
expression which require proprietary staining platforms and uses different definitions of a “positive”
test. Each of the tests was developed in conjunction
with one of the approved PD therapies and in some
cases a positive expression test is required for FDA
approval before a particular agent should be used.
Managed care has to pay for each of the tests because
they are agent specific.

There are still considerable gaps in our knowledge
of the technical aspects of these tests, and of the biological implications and associations of PD-L1 expression in various cancers.4 Responses to anti-PD-1
agents and anti-PD-L1 agents are higher in PD-L1
positive tumors but are seen in PD-L1 negative tumors.5 Emerging data suggest that patients whose
tumors overexpress PD-L1 by immunohistochemistry have improved clinical outcomes with antiPD-1–directed therapy, but the presence of robust
responses in some patients with low levels of expression of these markers complicates the issue of PD-L1
as an exclusionary predictive biomarker.6
The anti-PD-1 and PD-L1 monoclonal antibodies block distinctly different cellular interactions.
Blocking PD-L1 still allows PD-L2 to engage PD1. Blocking PD-1 blocks PD-L1 and PD-L2 binding
with PD-1 but still allows PD-L1 to engage B7-1,
which diminishes the killing system. The differences may lead to differences in adverse effects.
The I-O agents have been shown to improve median overall survival by a few months and increase
progression-free survival again by a month or so,
but at a major cost both financially and in terms
of adverse effects. The response rates to I-O are a
wide range depending on the cancer and, although
better than chemotherapy, are not yet ideal. The
cost of these therapies is greater than $100,000 per
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year. This is unsustainable in the current reimbursement models.
The serious adverse reactions with these agents are
caused by over activating the immune system. Immune checkpoint inhibitor adverse effects include
rash/itching, diarrhea/colitis, endocrinopathies (hypophysitis, thyroiditis, adrenal insufficiency, type 1
diabetes), pneumonitis, hepatitis, uveitis, nephritis,
and neuropathies. Many of these can be serious and
life-threatening. They need to be recognized and
managed quickly.
Some important questions remain to be answered
about immune checkpoint inhibitors. It is not yet
known if anti- PD-1 or anti-PD-L1 is better. The
ideal dosing schedule and duration of therapy are
unknown. As discussed, the issue of using PD-L1
expression to guide treatment is still controversial.
Optimal combinations of I-O drugs and mechanisms of resistance need to be determined. Adaptive
trials with interim analysis should be conducted to
allow accelerated patient access.
Measuring efficacy of immunotherapy is another
evolving area. Response to cancer treatment in solid
tumors has been measured since the 1970s with a
World Health Organization developed Response
Evaluation Criteria in Solid Tumors (RECIST).
This is a tumor-centric, not patient-centric model
which primarily measures the size of tumors over
time using CT and MRI scans.7 Response is classified as complete response (disappearance of all target lesions), partial response (>30% decrease in sum
of longest diameter), stable disease (neither larger
or smaller) and progressive disease (>20% increase
in sum of longest diameter). Overall, if a patient’s
tumors increase in number or size, their disease is
deemed to have progressed. With traditional chemotherapy the best tumor reduction is usually early
in therapy. Once the disease progresses, continuing
chemotherapy is questioned.
Checkpoint inhibitor therapy response is different than response to traditional chemotherapy.
Response is slow to occur, but can be long lasting.
When a checkpoint inhibitor is started, lymphocytes
infiltrate tumors leading to enlargement and inflammation that can be seen on radiologic images and
which appears to be progression, but this is pseudoprogression. Also, “new” nodules appear because
they were undetectable prior to checkpoint inhibitor therapy. Pseudo-progression was originally described in the setting of glioblastoma multiforme;
now it is routinely observed in melanoma and lung
cancer. The problem is that this pseudo-progression
is not predictable or reliable. Pseudo-progression
challenges the traditional RECIST criteria, destroys typical managed care processes, and pits hope

against facts. It is important for clinicians to not let
facts get in the way of clinical judgment.
To deal with the issue of measuring efficacy with
immunotherapy, immune related (ir) criteria has
been developed.8 irComplete response is the complete disappearance of all lesions, measured or unmeasured. irPartial response is a 50 percent drop in
tumor burden. irProgressive disease is a 25 percent
increase in tumor burden from the lowest level recorded. Lastly, irStable is everything else.
There are still issues with the irRECIST criteria. From a given tumor burden, a shrinkage of 49
percent or an increase of 24 percent are considered
irStable. Inaccurate classification of progression versus pseudo-progression may lead to the continuation
of an ineffective therapy, discontinuation of an effective therapy, or may delay palliative care initiation.
Clinicians and scientists are still trying to determine
how best to measure efficacy of immunotherapy.
Conclusion

There is no better time in oncology, or medicine in
general, than today. These are optimistic times for
those suffering from cancer because there is such
hope for long-lasting immune system responses.
Unfortunately, the immunotherapies have caused
a totally unaffordable trend in the cost for oncology care.
Thomas Morrow, MD, is the Chief Medical Officer for Next IT.
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Summary
Appropriate diagnosis of idiopathic pulmonary fibrosis (IPF) is important because
there are now effective therapies. Unfortunately, patient survival continues to be
very poor. Treatment of IPF has changed dramatically in the last year with the approval of two agents which slow the progression of the disease.
Key Points
• Diagnosis of IPF is difficult.
• IPF is a progressive disease with poor survival.
• Two treatments have been approved that slow progression.

IDIOPATHIC PULMONARY FIBROSIS (IPF) IS
one of the many interstitial lung diseases. IPF is
a specific form of chronic, progressive fibrosing
interstitial pneumonia of unknown cause, occurring primarily in older adults, and limited to the
lungs. It is characterized by progressive worsening
of dyspnea and lung function and is associated with
a poor prognosis.
One of the challenges with interstitial lung diseases, and IPF specifically, is that, in general, the chief
complaint of patients is “I’m getting older.” Patients
feel breathless when they exert themselves and have
a cough but generally feel well. Patients attribute
the breathlessness to getting older. The average time
from onset of symptoms to diagnosis is almost two
years. Diagnosing IPF early in the disease process
can lead to improved patient outcomes.
IPF occurs more in men (3:1) and in smokers
(prior or current). For the diagnosis, chronic ob-

structive pulmonary disease (COPD), heart failure,
and other causes of cough and breathlessness have
to be ruled out. IPF occurs much less often than
COPD or heart failure (Exhibit 1).1-3 There are over
100,000 people in the United States with IPF, and
the incidence is rising.4
This is a disease of aging, but the exact mechanism
of disease is not understood. There is a genetic component to IPF development. About 20 percent of
those affected have other family members with the
disease. More is being learned about IPF, but there is
not yet a specific genetic screening tool.
Interstitial lung disease (ILD) can be caused by a
number of things, and they have to be ruled out
in order to get to the idiopathic diagnosis. Infection, systemic connective tissue diseases such as
rheumatoid arthritis, exposures (e.g., occupational,
environment, hobby), and medications (e.g., amiodarone, nitrofurantoin) are all possible causes. IPF
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Exhibit 1: Distinguishing Dyspnea1-3
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is ultimately a diagnosis of exclusion. In addition
to exclusion of other known causes of ILD, diagnosis of IPF requires presence of usual interstitial
pneumonia (UIP) pattern on high resolution computed tomography (HRCT) of the chest (in patients
without surgical biopsy) or a chest scan pattern of
definite/possible UIP with a surgical lung biopsy
showing definite/probable UIP.6,7 The HRCT allows detailed evaluation of the lung parenchyma.
Bronchoscopy and or surgical lung biopsy may be
required in addition to the HRCT for non-definitive/probable findings.
Symptoms combined with an abnormal chest x-ray
showing interstitial fibrosis should trigger the clinician to refer the patient to a pulmonologist familiar
with the disease. Diagnosis requires communication
among a multidisciplinary team of a pulmonologist,
a radiologist, and a pathologist.
An accurate diagnosis is important because some
treatments actually worsen IPF. For example, prednisone is commonly used to treat other interstitial
lung diseases but has been shown to worsen IPF.
A discussion of the disease must be held with the
newly diagnosed patient. Clinicians have to spend
adequate time explaining the prognosis and assess
the patient’s preferences and values. Burden and
morbidity of IPF can be emotionally overwhelming
and will likely impact family members as well. If
patients do research online, they will see that those
with this disease live approximately two years after
diagnosis, which can be scary but not necessarily accurate. Current data show that those who are able

to be on the FDA approved treatments have a mean
survival of closer to eight years.
Each individual patient with IPF has a different disease course; the clinician needs to consider physiology, exercise tolerance, radiology, and pathology when
choosing a course of treatment. Patients who are at
increased risk of mortality should be referred for lung
transplantation early in the treatment process.
Patients are followed every three to four months
for disease progression. The six-minute walk test,
pulmonary function tests, oxygen requirements, comorbidities, and dyspnea questionnaires are all used
to assess disease progression. If a patient can walk
for six minutes and maintain an oxygen saturation
above 90 percent, the patient is doing well. If the
oxygen saturation is below 80 percent, they need to
be referred for lung transplant. HRCT is done annually or when suspicion of clinical worsening happens to monitor disease progression.
IPF is an unpredictable disease. Some patients live
for a long time without a major decline, whereas
others have a much more rapid disease progression.
Acute exacerbations which cause an abrupt decompensation do occur; a goal of therapy in IPF is to
reduce the rate of these. Patients typically will lose
5 to 8 percent of forced vital capacity (FVC) annually, which is significant. About one-third will lose
10 percent, which is a quarter of their lung function.
In 2014, two new antifibrotic treatments were
FDA approved for treating IPF - nintedanib and
pirfenidone – which are breakthrough products.
The 2015 IPF guidelines indicate a “conditional
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Exhibit 2: GERD Treatment and Survival13
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recommendation for use” of nintedanib and pirfenidone.8
Nintedanib (Ofev ®) is an oral tyrosine kinase inhibitor that targets multiple tyrosine kinases, including vascular endothelial growth factor, fibroblast
growth factor, and platelet-derived growth factor.
It slows FVC annual decline by half and may reduce
the rate of acute exacerbations.9,10 This agent is approved in the European Union for the treatment of
non-small cell lung cancer. Diarrhea and nausea are
the most common adverse effects. It is one pill twice
a day. Positive effects can be seen within 13 weeks
of starting treatment.
Pirfenidone (Esbriet®) is thought to work by reducing lung fibrosis through downregulation of the
production of growth factors and procollagens I and
II. It also slows the progression of IPF, increases the
progression-free survival time, and reduces the percentage of patients having a 10 percent decline in
FVC by half .11 Pooled data on this agent suggest a
reduced death rate overall and from IPF.11 Nausea
and rash are the most common adverse effects. Severe photosensitivity reactions are also possible. This
agent is given orally as three capsules three times
daily, with the dose increased slowly over several
weeks. Clinicians are currently choosing between
these two medications based on adverse effects and
daily dosing regimens since there is not head-tohead efficacy data available.
One question clinicians have is what to do if a
patient has disease progression while on one of these
antifibrotic medications. Data suggest that patients

whose disease has progressed during the first six
months of treatment might still benefit from continued treatment with pirfenidone.12
These agents also help patients preserve their ability to walk a distance. They are not able to walk
farther, but they can still walk the same distance.
Neither drug reverses the underlying lung fibrosis.
Starting treatment as soon as possible after diagnosis
with the highest amount of lung function is best.
Those with IPF typically have many other comorbidities that need to be treated. One that may affect the outcome of IPF is gastroesophageal reflux
disease (GERD). Data suggest that GERD contributes to the rate of decline in patients with IPF and
thus should be aggressively treated (Exhibit 2).13 IPF
guidelines suggest that clinicians use regular acid reducing treatment for patients with IPF.8
The combination of IPF and pulmonary hypertension (PH) is a double whammy that some patients have. Concomitant IPF and PH significantly
increases the likelihood of mortality or the need for
lung transplant.14 In those with both lung diseases,
it is important to avoid certain PH medications;
ambrisentan, bosentan, macitentan, and sildenafil
have been found non-efficacious or harmful and
should not be used according to the guidelines.8
Most pulmonologists avoid treating the PH when
IPF is also present, and this approach is supported
by the guidelines.8 These patients typically need a
lung transplant.
In caring for the IPF patients, a few other issues are
important to address. Advanced directives need to be
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addressed with all IPF patients, especially those who
are not lung transplant candidates. Quality of life
and mental health need to be addressed and maximized. Enrollment in pulmonary rehabilitation and
support groups should be encouraged. Engaging the
patient, their family, and their clinician in a patient’s
care can lead to the best possible outcome.

Medicare beneficiaries aged 65 years and older: incidence, prevalence, and survival, 2001-11. Lancet Respir Med. 2014 Jul;2(7):566-72.
6. Raghu G, Collard HR, Egan JJ, et al. An official ATS/ERS/JRS/ALAT
statement: idiopathic pulmonary fibrosis: evidence-based guidelines for diagnosis and management. Am J Respir Crit Care Med. 2011;183(6):788-824.
7. American Thoracic Society (ATS), and the European Respiratory Society
(ERS). Idiopathic pulmonary fibrosis: diagnosis and treatment. International
consensus statement. Am J Respir Crit Care Med. 2000;161(2 Pt 1):646-64.

Conclusion

Managing IPF is a journey. Because the disease is
unpredictable, patients have very different courses.
New therapies are available which slow the progression of this terrible disease.

8. Raghu G, Rochwerg B, Zhang Y, et al. An Official ATS/ERS/JRS/ALAT
Clinical Practice Guideline: Treatment of Idiopathic Pulmonary Fibrosis. An
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