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WARNING: CENTRAL NERVOUS SYSTEM DEPRESSION and ABUSE AND MISUSE.

•      Central Nervous System Depression
XYREM is a Central Nervous System (CNS) depressant. In clinical trials at recommended doses, 
obtundation and clinically significant respiratory depression occurred in adult patients treated  
with XYREM. Many patients who received XYREM during clinical trials in narcolepsy were  
receiving CNS stimulants.

•      Abuse and Misuse
XYREM is the sodium salt of gamma-hydroxybutyrate (GHB). Abuse or misuse of illicit GHB, either 
alone or in combination with other CNS depressants, is associated with CNS adverse reactions, 
including seizure, respiratory depression, decreases in the level of consciousness, coma, and death.

Because of the risks of CNS depression and abuse and misuse, XYREM is available only through 
a restricted program under a Risk Evaluation and Mitigation Strategy (REMS) called the XYREM 
REMS Program.

INDICATION
XYREM® (sodium oxybate) oral solution, 0.5 g/mL, is indicated for the treatment of cataplexy or 
excessive daytime sleepiness (EDS) in patients 7 years of age and older with narcolepsy.

IMPORTANT SAFETY INFORMATION

Please see following pages for additional Important Safety 
Information and Brief Summary of full Prescribing Information, 
including BOXED Warning.

* Based on 3 level 1 studies. According to the AASM Classification of Evidence, a Level 1 Study directly addresses the clinical issue and is based 
on randomized, well-controlled trials.1

 AASM=American Academy of Sleep Medicine; FDA=Food and Drug Administration.

FDA-approved medication 
for cataplexy and EDS in 
narcolepsy for patients  
7 years of age or older2

O N LY  AVA I L A B L E

R E CO G N I Z E D
as a standard 

of care to treat 
cataplexy and EDS  

in narcolepsy in 
adults since 2007 

by the AASM1*

Visit www.XyremHCP.com to learn more.
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IMPORTANT SAFETY INFORMATION FOR XYREM (cont.)

Contraindications
XYREM is contraindicated in combination with sedative hypnotics or alcohol and in patients with succinic 
semialdehyde dehydrogenase deficiency.

Warnings and Precautions
•   CNS Depression: Use caution when considering the concurrent use with other CNS depressants. If 

concurrent use is required, consider dose reduction or discontinuation of one or more CNS depressants 
(including XYREM). Consider interrupting XYREM treatment if short-term opioid use is required. After first 
initiating treatment and until certain that XYREM does not affect them adversely, caution patients against 
hazardous activities requiring complete mental alertness or motor coordination such as operating hazardous 
machinery, including automobiles or airplanes. Also caution patients against these hazardous activities for 
at least 6 hours after taking XYREM. Patients should be queried about CNS depression-related events upon 
initiation of XYREM therapy and periodically thereafter.

•   Abuse and Misuse: XYREM is a Schedule III controlled substance. The rapid onset of sedation, coupled with 
the amnestic features of XYREM, particularly when combined with alcohol, has proven to be dangerous for 
the voluntary and involuntary user (eg, assault victim).

•   Respiratory Depression and Sleep-Disordered Breathing: XYREM may impair respiratory drive, especially 
in patients with compromised respiratory function. In overdoses, life-threatening respiratory depression has 
been reported. Prescribers should be aware that increased central apneas and clinically relevant desaturation 
events have been observed with XYREM administration in adult and pediatric patients. Sleep-related 
breathing disorders tend to be more prevalent in obese patients and in postmenopausal women not on 
hormone replacement therapy as well as among patients with narcolepsy.

•   Depression and Suicidality: In adult clinical trials in patients with narcolepsy (n=781), depression was reported 
by 7% of XYREM-treated patients, with four patients (<1%) discontinuing because of depression. In the 
pediatric clinical trial in patients with narcolepsy (n=104), one patient experienced suicidal ideation while 
taking XYREM. Monitor patients for emergent or increased depression and/or suicidality, which require 
careful and immediate evaluation.

•   Other Behavioral or Psychiatric Adverse Reactions: Monitor patients for impaired motor/cognitive function or 
the emergence of or increase in anxiety and/or confusion. The emergence or increase in the occurrence of 
behavioral or psychiatric events in adult and pediatric patients taking XYREM should be carefully monitored.

•   Parasomnias: Episodes of sleepwalking should be fully evaluated and appropriate interventions considered. 
Five instances of significant injury or potential injury were associated with sleepwalking during a clinical trial 
of XYREM in adult patients with narcolepsy. Parasomnias, including sleepwalking, also have been reported in 
the pediatric clinical trial and in postmarketing experience with XYREM.

•   Patients Sensitive to High Sodium Intake: XYREM has a high salt content. In patients sensitive to salt intake 
(eg, those with heart failure, hypertension, or renal impairment), consider the amount of daily sodium intake 
in each dose of XYREM.

Most Common Adverse Reactions
In three controlled adult clinical trials in patients with narcolepsy, the most common adverse reactions 
(incidence ≥5% and twice the rate of placebo) in XYREM-treated patients were nausea, dizziness, vomiting, 
somnolence, enuresis, and tremor. In the pediatric clinical trial in patients 7 years of age and older with 
narcolepsy, the most common adverse reactions (≥5%) were enuresis (18%), nausea (17%), headache (16%), 
vomiting (16%), weight decreased (12%), decreased appetite (8%), and dizziness (6%).

Visit www.XyremHCP.com to learn more.

Please see additional Important Safety Information on previous page. Please see following pages for  
Brief Summary of full Prescribing Information, including BOXED Warning.

XYREM® (sodium oxybate) oral solution, CIII
BRIEF SUMMARY OF PRESCRIBING INFORMATION: Consult the Full Prescribing 
Information for complete product information.
Initial U.S. Approval: 2002

WARNING: CENTRAL NERVOUS SYSTEM DEPRESSION 
and ABUSE AND MISUSE.

•  Central Nervous System Depression 
Xyrem (sodium oxybate) is a CNS depressant. In clinical trials at recommended 
doses, obtundation and clinically significant respiratory depression occurred in 
patients treated with Xyrem [see Warnings and Precautions (5.1)]. Many patients who 
received Xyrem during clinical trials in narcolepsy were receiving central nervous 
system stimulants [see Clinical Trials (14)].

•  Abuse and Misuse 
Xyrem® (sodium oxybate) is the sodium salt of gamma-hydroxybutyrate (GHB). 
Abuse or misuse of illicit GHB, either alone or in combination with other CNS 
depressants, is associated with CNS adverse reactions, including seizure, respiratory 
depression, decreases in the level of consciousness, coma, and death [see Warnings 
and Precautions (5.2)].
Because of the risks of CNS depression and abuse and misuse, Xyrem is available 
only through a restricted program under a Risk Evaluation and Mitigation Strategy 
(REMS) called the Xyrem REMS Program [see Warnings and Precautions (5.3)].

1 INDICATIONS AND USAGE
Xyrem is indicated for the treatment of cataplexy or excessive daytime sleepiness (EDS) 
in patients 7 years of age and older with narcolepsy.

4 CONTRAINDICATIONS
• Xyrem is contraindicated in patients being treated with sedative hypnotic agents. [see 

Warnings and Precautions (5.1)].
• Patients should not drink alcohol when using Xyrem. [see Warnings and Precautions (5.1)].
• Xyrem is contraindicated in patients with succinic semialdehyde dehydrogenase deficiency 

[see Clinical Pharmacology (12.3)]. This is a rare disorder of inborn error of metabolism 
variably characterized by mental retardation, hypotonia, and ataxia.

5 WARNINGS AND PRECAUTIONS
5.1 Central Nervous System Depression
Xyrem is a central nervous system (CNS) depressant. In adult clinical trials at 
recommended doses, obtundation and clinically significant respiratory depression 
occurred in patients treated with Xyrem. Alcohol and sedative hypnotics are 
contraindicated in patients who are using Xyrem. The concurrent use of Xyrem with 
other CNS depressants, including but not limited to opioid analgesics, benzodiazepines, 
sedating antidepressants or antipsychotics, sedating anti-epileptic drugs, general 
anesthetics, muscle relaxants, and/or illicit CNS depressants, may increase the risk of 
respiratory depression, hypotension, profound sedation, syncope, and death. If use 
of these CNS depressants in combination with Xyrem is required, dose reduction or 
discontinuation of one or more CNS depressants (including Xyrem) should be considered. 
In addition, if short-term use of an opioid (e.g. post- or perioperative) is required, 
interruption of treatment with Xyrem should be considered.
Healthcare providers should caution patients about operating hazardous machinery, 
including automobiles or airplanes, until they are reasonably certain that Xyrem does not 
affect them adversely (e.g., impair judgment, thinking, or motor skills). Patients should 
not engage in hazardous occupations or activities requiring complete mental alertness or 
motor coordination, such as operating machinery or a motor vehicle or flying an airplane, 
for at least 6 hours after taking Xyrem. Patients should be queried about CNS depression-
related events upon initiation of Xyrem therapy and periodically thereafter.
Xyrem is available only through a restricted program under a REMS [see Warnings and 
Precautions (5.3)].

5.2 Abuse and Misuse
Xyrem is a Schedule III controlled substance. The active ingredient of Xyrem, sodium 
oxybate or gamma-hydroxybutyrate (GHB), is a Schedule I controlled substance. Abuse of 
illicit GHB, either alone or in combination with other CNS depressants, is associated with 
CNS adverse reactions, including seizure, respiratory depression, decreases in the level of 
consciousness, coma, and death. The rapid onset of sedation, coupled with the amnestic 
features of Xyrem, particularly when combined with alcohol, has proven to be dangerous 
for the voluntary and involuntary user (e.g., assault victim). Because illicit use and abuse 
of GHB have been reported, physicians should carefully evaluate patients for a history 
of drug abuse and follow such patients closely, observing them for signs of misuse or 
abuse of GHB (e.g. increase in size or frequency of dosing, drug-seeking behavior, feigned 
cataplexy) [see Drug Abuse and Dependence (9.2)].
Xyrem is available only through a restricted program under a REMS [see Warnings and 
Precautions (5.3)].

5.3 Xyrem REMS Program
Xyrem is available only through a restricted distribution program called the Xyrem REMS 
Program because of the risks of central nervous system depression and abuse and misuse 
[see Warnings and Precautions (5.1, 5.2)].
Notable requirements of the Xyrem REMS Program include the following:
• Healthcare Providers who prescribe Xyrem are specially certified
• Xyrem will be dispensed only by the central pharmacy that is specially certified
• Xyrem will be dispensed and shipped only to patients who are enrolled in the Xyrem REMS 

Program with documentation of safe use

Further information is available at www.XYREMREMS.com or 1-866-XYREM88®  
(1-866-997-3688).

5.4 Respiratory Depression and Sleep-Disordered Breathing
Xyrem may impair respiratory drive, especially in patients with compromised respiratory 
function. In overdoses, life-threatening respiratory depression has been reported [see 
Overdosage (10)].
In an adult study assessing the respiratory-depressant effects of Xyrem at doses up to  
9 g per night in 21 patients with narcolepsy, no dose-related changes in oxygen saturation 
were demonstrated in the group as a whole. One of the four patients with preexisting, 
moderate-to-severe sleep apnea had significant worsening of the apnea/hypopnea index 
during treatment.
In an adult study assessing the effects of Xyrem 9 g per night in 50 patients with 
obstructive sleep apnea, Xyrem did not increase the severity of sleep-disordered 
breathing and did not adversely affect the average duration and severity of oxygen 
desaturation overall. However, there was a significant increase in the number of central 
apneas in patients taking Xyrem, and clinically significant oxygen desaturation (≤55%) was 
measured in three patients (6%) after Xyrem administration, with one patient withdrawing 
from the study and two continuing after single brief instances of desaturation. 

During polysomnographic evaluation (PSG), central sleep apnea and oxygen desaturation 
were observed in pediatric patients with narcolepsy treated with Xyrem.
Prescribers should be aware that increased central apneas and clinically relevant 
desaturation events have been observed with Xyrem administration in adult and pediatric 
patients.
In adult clinical trials in 128 patients with narcolepsy, two subjects had profound CNS 
depression, which resolved after supportive respiratory intervention. Two other patients 
discontinued sodium oxybate because of severe difficulty breathing and an increase in 
obstructive sleep apnea. In two controlled trials assessing PSG measures in adult patients 
with narcolepsy, 40 of 477 patients were included with a baseline apnea/hypopnea 
index of 16 to 67 events per hour, indicative of mild to severe sleep-disordered breathing. 
None of the 40 patients had a clinically significant worsening of respiratory function as 
measured by apnea/hypopnea index and pulse oximetry at doses of 4.5 g to 9 g per 
night.
Prescribers should be aware that sleep-related breathing disorders tend to be more 
prevalent in obese patients and in postmenopausal women not on hormone replacement 
therapy as well as among patients with narcolepsy.

5.5 Depression and Suicidality
In adult clinical trials in patients with narcolepsy (n=781), there were two suicides and 
two attempted suicides in patients treated with Xyrem, including three patients with a 
previous history of depressive psychiatric disorder. Of the two suicides, one patient used 
Xyrem in conjunction with other drugs. Xyrem was not involved in the second suicide. 
Adverse reactions of depression were reported by 7% of 781 patients treated with Xyrem, 
with four patients (<1%) discontinuing because of depression. In most cases, no change in 
Xyrem treatment was required.
In a controlled adult trial, with patients randomized to fixed doses of 3 g, 6 g, or 9 g 
per night Xyrem or placebo, there was a single event of depression at the 3 g per night 
dose. In another adult controlled trial, with patients titrated from an initial 4.5 g per night 
starting dose, the incidences of depression were 1 (1.7%), 1 (1.5%), 2 (3.2%), and 2 (3.6%) 
for the placebo, 4.5 g, 6 g, and 9 g per night doses, respectively. In the pediatric clinical 
trial in patients with narcolepsy (n=104), one patient experienced suicidal ideation while 
taking Xyrem.
The emergence of depression in patients treated with Xyrem requires careful and 
immediate evaluation. Patients with a previous history of a depressive illness and/ 
or suicide attempt should be monitored carefully for the emergence of depressive 
symptoms while taking Xyrem.

5.6 Other Behavioral or Psychiatric Adverse Reactions
During adult clinical trials in patients with narcolepsy, 3% of 781 patients treated with 
Xyrem experienced confusion, with incidence generally increasing with dose.
Less than 1% of patients discontinued the drug because of confusion. Confusion was 
reported at all recommended doses from 6 g to 9 g per night. In a controlled trial in 
adults where patients were randomized to fixed total daily doses of 3 g, 6 g, or 9 g per 
night or placebo, a dose-response relationship for confusion was demonstrated, with 17% 
of patients at 9 g per night experiencing confusion. In all cases in that controlled trial, the 
confusion resolved soon after termination of treatment. In Trial 3 where sodium oxybate 
was titrated from an initial 4.5 g per night dose, there was a single event of confusion in 
one patient at the 9 g per night dose. In the majority of cases in all adult clinical trials in 
patients with narcolepsy, confusion resolved either soon after termination of dosing or 
with continued treatment. 
Anxiety occurred in 5.8% of the 874 patients receiving Xyrem in adult clinical trials in 
another population. 
Other neuropsychiatric reactions reported in adult clinical trials in patients with 
narcolepsy and the post-marketing setting included hallucinations, paranoia, psychosis, 
and agitation. 
In the pediatric clinical trial in patients with narcolepsy, neuropsychiatric reactions, 
including acute psychosis, confusion, and anxiety, were reported while taking Xyrem.
The emergence or increase in the occurrence of behavioral or psychiatric events in adult 
and pediatric patients taking Xyrem should be carefully monitored.

5.7 Parasomnias
Sleepwalking, defined as confused behavior occurring at night and at times associated 
with wandering, was reported in 6% of 781 patients with narcolepsy treated with Xyrem 
in adult controlled and long-term open-label studies, with <1% of patients discontinuing 
due to sleepwalking. Rates of sleepwalking were similar for patients taking placebo 
and patients taking Xyrem in controlled trials. It is unclear if some or all of the reported 
sleepwalking episodes correspond to true somnambulism, which is a parasomnia 
occurring during non-REM sleep, or to any other specific medical disorder. Five instances 
of significant injury or potential injury were associated with sleepwalking during a clinical 
trial of Xyrem in patients with narcolepsy.
Parasomnias, including sleepwalking, also have been reported in the pediatric clinical trial 
and in postmarketing experience with Xyrem. Therefore, episodes of sleepwalking should 
be fully evaluated and appropriate interventions considered

5.8 Use in Patients Sensitive to High Sodium Intake
Xyrem has a high salt content. In patients sensitive to salt intake (e.g., those with heart 
failure, hypertension, or renal impairment), consider the amount of daily sodium intake in 
each dose of Xyrem. Table 1 provides the approximate sodium content per Xyrem dose.

Table 1
Approximate Sodium Content per Total Nightly Dose of Xyrem (g = grams)

Xyrem Dose Sodium Content/Total Nightly Exposure
3 g per night 550 mg

4.5 g per night 820 mg

6 g per night 1100 mg

7.5 g per night 1400 mg

9 g per night 1640 mg

6 ADVERSE REACTIONS
The following clinically significant adverse reactions appear in other sections of the labeling:
• CNS depression [see Warnings and Precautions (5.1)]
• Abuse and Misuse [see Warnings and Precautions (5.2)]
• Respiratory Depression and Sleep-Disordered Breathing [see Warnings and Precautions 

(5.4)]
• Depression and Suicidality [see Warnings and Precautions (5.5)]
• Other Behavioral or Psychiatric Adverse Reactions [see Warnings and Precautions (5.6)]
• Parasomnias [see Warnings and Precautions (5.7)]
• Use in Patients Sensitive to High Sodium Intake [see Warnings and Precautions (5.8)]
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WARNING: CENTRAL NERVOUS SYSTEM DEPRESSION 
and ABUSE AND MISUSE.

•  Central Nervous System Depression 
Xyrem (sodium oxybate) is a CNS depressant. In clinical trials at recommended 
doses, obtundation and clinically significant respiratory depression occurred in 
patients treated with Xyrem [see Warnings and Precautions (5.1)]. Many patients who 
received Xyrem during clinical trials in narcolepsy were receiving central nervous 
system stimulants [see Clinical Trials (14)].

•  Abuse and Misuse 
Xyrem® (sodium oxybate) is the sodium salt of gamma-hydroxybutyrate (GHB). 
Abuse or misuse of illicit GHB, either alone or in combination with other CNS 
depressants, is associated with CNS adverse reactions, including seizure, respiratory 
depression, decreases in the level of consciousness, coma, and death [see Warnings 
and Precautions (5.2)].
Because of the risks of CNS depression and abuse and misuse, Xyrem is available 
only through a restricted program under a Risk Evaluation and Mitigation Strategy 
(REMS) called the Xyrem REMS Program [see Warnings and Precautions (5.3)].

1 INDICATIONS AND USAGE
Xyrem is indicated for the treatment of cataplexy or excessive daytime sleepiness (EDS) 
in patients 7 years of age and older with narcolepsy.

4 CONTRAINDICATIONS
• Xyrem is contraindicated in patients being treated with sedative hypnotic agents. [see 

Warnings and Precautions (5.1)].
• Patients should not drink alcohol when using Xyrem. [see Warnings and Precautions (5.1)].
• Xyrem is contraindicated in patients with succinic semialdehyde dehydrogenase deficiency 

[see Clinical Pharmacology (12.3)]. This is a rare disorder of inborn error of metabolism 
variably characterized by mental retardation, hypotonia, and ataxia.

5 WARNINGS AND PRECAUTIONS
5.1 Central Nervous System Depression
Xyrem is a central nervous system (CNS) depressant. In adult clinical trials at 
recommended doses, obtundation and clinically significant respiratory depression 
occurred in patients treated with Xyrem. Alcohol and sedative hypnotics are 
contraindicated in patients who are using Xyrem. The concurrent use of Xyrem with 
other CNS depressants, including but not limited to opioid analgesics, benzodiazepines, 
sedating antidepressants or antipsychotics, sedating anti-epileptic drugs, general 
anesthetics, muscle relaxants, and/or illicit CNS depressants, may increase the risk of 
respiratory depression, hypotension, profound sedation, syncope, and death. If use 
of these CNS depressants in combination with Xyrem is required, dose reduction or 
discontinuation of one or more CNS depressants (including Xyrem) should be considered. 
In addition, if short-term use of an opioid (e.g. post- or perioperative) is required, 
interruption of treatment with Xyrem should be considered.
Healthcare providers should caution patients about operating hazardous machinery, 
including automobiles or airplanes, until they are reasonably certain that Xyrem does not 
affect them adversely (e.g., impair judgment, thinking, or motor skills). Patients should 
not engage in hazardous occupations or activities requiring complete mental alertness or 
motor coordination, such as operating machinery or a motor vehicle or flying an airplane, 
for at least 6 hours after taking Xyrem. Patients should be queried about CNS depression-
related events upon initiation of Xyrem therapy and periodically thereafter.
Xyrem is available only through a restricted program under a REMS [see Warnings and 
Precautions (5.3)].

5.2 Abuse and Misuse
Xyrem is a Schedule III controlled substance. The active ingredient of Xyrem, sodium 
oxybate or gamma-hydroxybutyrate (GHB), is a Schedule I controlled substance. Abuse of 
illicit GHB, either alone or in combination with other CNS depressants, is associated with 
CNS adverse reactions, including seizure, respiratory depression, decreases in the level of 
consciousness, coma, and death. The rapid onset of sedation, coupled with the amnestic 
features of Xyrem, particularly when combined with alcohol, has proven to be dangerous 
for the voluntary and involuntary user (e.g., assault victim). Because illicit use and abuse 
of GHB have been reported, physicians should carefully evaluate patients for a history 
of drug abuse and follow such patients closely, observing them for signs of misuse or 
abuse of GHB (e.g. increase in size or frequency of dosing, drug-seeking behavior, feigned 
cataplexy) [see Drug Abuse and Dependence (9.2)].
Xyrem is available only through a restricted program under a REMS [see Warnings and 
Precautions (5.3)].

5.3 Xyrem REMS Program
Xyrem is available only through a restricted distribution program called the Xyrem REMS 
Program because of the risks of central nervous system depression and abuse and misuse 
[see Warnings and Precautions (5.1, 5.2)].
Notable requirements of the Xyrem REMS Program include the following:
• Healthcare Providers who prescribe Xyrem are specially certified
• Xyrem will be dispensed only by the central pharmacy that is specially certified
• Xyrem will be dispensed and shipped only to patients who are enrolled in the Xyrem REMS 

Program with documentation of safe use

Further information is available at www.XYREMREMS.com or 1-866-XYREM88®  
(1-866-997-3688).

5.4 Respiratory Depression and Sleep-Disordered Breathing
Xyrem may impair respiratory drive, especially in patients with compromised respiratory 
function. In overdoses, life-threatening respiratory depression has been reported [see 
Overdosage (10)].
In an adult study assessing the respiratory-depressant effects of Xyrem at doses up to  
9 g per night in 21 patients with narcolepsy, no dose-related changes in oxygen saturation 
were demonstrated in the group as a whole. One of the four patients with preexisting, 
moderate-to-severe sleep apnea had significant worsening of the apnea/hypopnea index 
during treatment.
In an adult study assessing the effects of Xyrem 9 g per night in 50 patients with 
obstructive sleep apnea, Xyrem did not increase the severity of sleep-disordered 
breathing and did not adversely affect the average duration and severity of oxygen 
desaturation overall. However, there was a significant increase in the number of central 
apneas in patients taking Xyrem, and clinically significant oxygen desaturation (≤55%) was 
measured in three patients (6%) after Xyrem administration, with one patient withdrawing 
from the study and two continuing after single brief instances of desaturation. 

During polysomnographic evaluation (PSG), central sleep apnea and oxygen desaturation 
were observed in pediatric patients with narcolepsy treated with Xyrem.
Prescribers should be aware that increased central apneas and clinically relevant 
desaturation events have been observed with Xyrem administration in adult and pediatric 
patients.
In adult clinical trials in 128 patients with narcolepsy, two subjects had profound CNS 
depression, which resolved after supportive respiratory intervention. Two other patients 
discontinued sodium oxybate because of severe difficulty breathing and an increase in 
obstructive sleep apnea. In two controlled trials assessing PSG measures in adult patients 
with narcolepsy, 40 of 477 patients were included with a baseline apnea/hypopnea 
index of 16 to 67 events per hour, indicative of mild to severe sleep-disordered breathing. 
None of the 40 patients had a clinically significant worsening of respiratory function as 
measured by apnea/hypopnea index and pulse oximetry at doses of 4.5 g to 9 g per 
night.
Prescribers should be aware that sleep-related breathing disorders tend to be more 
prevalent in obese patients and in postmenopausal women not on hormone replacement 
therapy as well as among patients with narcolepsy.

5.5 Depression and Suicidality
In adult clinical trials in patients with narcolepsy (n=781), there were two suicides and 
two attempted suicides in patients treated with Xyrem, including three patients with a 
previous history of depressive psychiatric disorder. Of the two suicides, one patient used 
Xyrem in conjunction with other drugs. Xyrem was not involved in the second suicide. 
Adverse reactions of depression were reported by 7% of 781 patients treated with Xyrem, 
with four patients (<1%) discontinuing because of depression. In most cases, no change in 
Xyrem treatment was required.
In a controlled adult trial, with patients randomized to fixed doses of 3 g, 6 g, or 9 g 
per night Xyrem or placebo, there was a single event of depression at the 3 g per night 
dose. In another adult controlled trial, with patients titrated from an initial 4.5 g per night 
starting dose, the incidences of depression were 1 (1.7%), 1 (1.5%), 2 (3.2%), and 2 (3.6%) 
for the placebo, 4.5 g, 6 g, and 9 g per night doses, respectively. In the pediatric clinical 
trial in patients with narcolepsy (n=104), one patient experienced suicidal ideation while 
taking Xyrem.
The emergence of depression in patients treated with Xyrem requires careful and 
immediate evaluation. Patients with a previous history of a depressive illness and/ 
or suicide attempt should be monitored carefully for the emergence of depressive 
symptoms while taking Xyrem.

5.6 Other Behavioral or Psychiatric Adverse Reactions
During adult clinical trials in patients with narcolepsy, 3% of 781 patients treated with 
Xyrem experienced confusion, with incidence generally increasing with dose.
Less than 1% of patients discontinued the drug because of confusion. Confusion was 
reported at all recommended doses from 6 g to 9 g per night. In a controlled trial in 
adults where patients were randomized to fixed total daily doses of 3 g, 6 g, or 9 g per 
night or placebo, a dose-response relationship for confusion was demonstrated, with 17% 
of patients at 9 g per night experiencing confusion. In all cases in that controlled trial, the 
confusion resolved soon after termination of treatment. In Trial 3 where sodium oxybate 
was titrated from an initial 4.5 g per night dose, there was a single event of confusion in 
one patient at the 9 g per night dose. In the majority of cases in all adult clinical trials in 
patients with narcolepsy, confusion resolved either soon after termination of dosing or 
with continued treatment. 
Anxiety occurred in 5.8% of the 874 patients receiving Xyrem in adult clinical trials in 
another population. 
Other neuropsychiatric reactions reported in adult clinical trials in patients with 
narcolepsy and the post-marketing setting included hallucinations, paranoia, psychosis, 
and agitation. 
In the pediatric clinical trial in patients with narcolepsy, neuropsychiatric reactions, 
including acute psychosis, confusion, and anxiety, were reported while taking Xyrem.
The emergence or increase in the occurrence of behavioral or psychiatric events in adult 
and pediatric patients taking Xyrem should be carefully monitored.

5.7 Parasomnias
Sleepwalking, defined as confused behavior occurring at night and at times associated 
with wandering, was reported in 6% of 781 patients with narcolepsy treated with Xyrem 
in adult controlled and long-term open-label studies, with <1% of patients discontinuing 
due to sleepwalking. Rates of sleepwalking were similar for patients taking placebo 
and patients taking Xyrem in controlled trials. It is unclear if some or all of the reported 
sleepwalking episodes correspond to true somnambulism, which is a parasomnia 
occurring during non-REM sleep, or to any other specific medical disorder. Five instances 
of significant injury or potential injury were associated with sleepwalking during a clinical 
trial of Xyrem in patients with narcolepsy.
Parasomnias, including sleepwalking, also have been reported in the pediatric clinical trial 
and in postmarketing experience with Xyrem. Therefore, episodes of sleepwalking should 
be fully evaluated and appropriate interventions considered

5.8 Use in Patients Sensitive to High Sodium Intake
Xyrem has a high salt content. In patients sensitive to salt intake (e.g., those with heart 
failure, hypertension, or renal impairment), consider the amount of daily sodium intake in 
each dose of Xyrem. Table 1 provides the approximate sodium content per Xyrem dose.

Table 1
Approximate Sodium Content per Total Nightly Dose of Xyrem (g = grams)

Xyrem Dose Sodium Content/Total Nightly Exposure
3 g per night 550 mg

4.5 g per night 820 mg

6 g per night 1100 mg

7.5 g per night 1400 mg

9 g per night 1640 mg

6 ADVERSE REACTIONS
The following clinically significant adverse reactions appear in other sections of the labeling:
• CNS depression [see Warnings and Precautions (5.1)]
• Abuse and Misuse [see Warnings and Precautions (5.2)]
• Respiratory Depression and Sleep-Disordered Breathing [see Warnings and Precautions 

(5.4)]
• Depression and Suicidality [see Warnings and Precautions (5.5)]
• Other Behavioral or Psychiatric Adverse Reactions [see Warnings and Precautions (5.6)]
• Parasomnias [see Warnings and Precautions (5.7)]
• Use in Patients Sensitive to High Sodium Intake [see Warnings and Precautions (5.8)]



6.1 Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction 
rates observed in the clinical trials of a drug cannot be directly compared to rates in the 
clinical trials of another drug and may not reflect the rates observed in clinical practice.
Adult Patients
Xyrem was studied in three placebo-controlled clinical trials (Trials N1, N3, and N4) in 611 
patients with narcolepsy (398 subjects treated with Xyrem, and 213 with placebo). A total 
of 781 patients with narcolepsy were treated with Xyrem in controlled and uncontrolled 
clinical trials.
Section 6.1 and Table 2 present adverse reactions from three pooled, controlled trials (N1, 
N3, N4) in patients with narcolepsy.
Adverse Reactions Leading to Treatment Discontinuation:
Of the 398 patients with narcolepsy treated with Xyrem, 10.3% of patients discontinued 
because of adverse reactions compared with 2.8% of patients receiving placebo. The 
most common adverse reaction leading to discontinuation was nausea (2.8%). The 
majority of adverse reactions leading to discontinuation began during the first few weeks 
of treatment.
Commonly Observed Adverse Reactions in Controlled Clinical Trials:
The most common adverse reactions (incidence ≥5% and twice the rate seen with 
placebo) in patients treated with Xyrem were nausea, dizziness, vomiting, somnolence, 
enuresis, and tremor.
Adverse Reactions Occurring at an Incidence of 2% or greater:
Table 2 lists adverse reactions that occurred at a frequency of 2% or more in any 
treatment group for three controlled trials and were more frequent in any Xyrem 
treatment group than with placebo. Adverse reactions are summarized by dose at onset. 
Nearly all patients in these studies initiated treatment at 4.5 g per night. In patients who 
remained on treatment, adverse reactions tended to occur early and to diminish over time.

Table 2
Adverse Reactions Occurring in ≥2% of Adult Patients and More Frequently with Xyrem 
than Placebo in Three Controlled Trials (N1, N3, N4) by Body System and Dose at Onset

System Organ Class/ 
Adverse Reaction

Placebo 
(n=213) %

Xyrem 4.5 g 
(n=185) %

Xyrem 6 g 
(n=258) %

Xyrem 9 g 
(n=178) %

ANY ADVERSE REACTION 62 45 55 70

GASTROINTESTINAL DISORDERS

Nausea 3 8 13 20

Vomiting 1 2 4 11

Diarrhea 2 4 3 4

Abdominal pain upper 2 3 1 2

Dry mouth 2 1 2 1

GENERAL DISORDERS AND ADMINISTRATIVE SITE CONDITIONS

Pain 1 1 <1 3

Feeling drunk 1 0 <1 3

Edema peripheral 1 3 0 0

MUSCULOSKELETAL AND CONNECTIVE TISSUE DISORDERS

Pain in extremity 1 3 1 1

Cataplexy 1 1 1 2

Muscle spasms 2 2 <1 2

NERVOUS SYSTEM DISORDERS

Dizziness 4 9 11 15

Somnolence 4 1 3 8

Tremor 0 0 2 5

Paresthesia 1 2 1 3

Disturbance in attention 0 1 0 4

Sleep paralysis 1 0 1 3

PSYCHIATRIC DISORDERS

Disorientation 1 1 2 3

Anxiety 1 1 1 2

Irritability 1 0 <1 3

Sleep walking 0 0 0 3

RENAL AND URINARY DISORDERS

Enuresis 1 3 3 7

SKIN AND SUBCUTANEOUS TISSUE DISORDERS

Hyperhidrosis 0 1 1 3

Dose-Response Information
In clinical trials in narcolepsy, a dose-response relationship was observed for nausea, 
vomiting, paresthesia, disorientation, irritability, disturbance in attention, feeling drunk, 
sleepwalking, and enuresis. The incidence of all these reactions was notably higher at 9 g 
per night.
In controlled trials in narcolepsy, discontinuations of treatment due to adverse reactions 
were greater at higher doses of Xyrem.

Pediatric Patients (7 Years of Age and Older)
In the pediatric clinical trial (Trial N5), 104 patients aged 7 to 17 years (37 patients aged  
7 to 11 years; 67 patients aged 12 to 17 years) with narcolepsy received Xyrem up to  
377 days (median exposure 332 days). 
Adverse Reactions Leading to Treatment Discontinuation 
In the pediatric clinical trial, 5 of 104 patients reported adverse reactions that led to 
withdrawal from the study (hallucination, tactile; suicidal ideation; weight decreased; 
sleep apnea syndrome; and affect lability). 
Adverse Reactions in the Pediatric Clinical Trial 
The most common adverse reactions (≥5%) were enuresis (18%), nausea (17%), headache 
(16%), vomiting (16%), weight decreased (12%), decreased appetite (8%), and dizziness 
(6%).
Additional information regarding safety in pediatric patients appears in the following 
sections: 
• Respiratory Depression and Sleep-Disordered Breathing [see Warnings and Precautions 

(5.4)] 
• Depression and Suicidality [see Warnings and Precautions (5.5)]
• Other Behavioral or Psychiatric Adverse Reactions [see Warnings and Precautions (5.6)]
• Parasomnias [see Warnings and Precautions (5.7)]

The overall adverse reaction profile of Xyrem in the pediatric clinical trial was similar to 
that seen in the adult clinical trial program.

6.2 Postmarketing Experience
The following adverse reactions have been identified during postapproval use of Xyrem. 
Because these reactions are reported voluntarily from a population of uncertain size, it is 
not always possible to reliably estimate their frequency or establish a causal relationship 
to drug exposure: arthralgia, decreased appetite, fall, fluid retention, hangover, headache, 
hypersensitivity, hypertension, memory impairment, nocturia, panic attack, vision blurred, 
and weight decreased.

7 DRUG INTERACTIONS
7.1 Alcohol, Sedative Hypnotics, and CNS depressants
Xyrem should not be used in combination with alcohol or sedative hypnotics. Use of other 
CNS depressants may potentiate the CNS-depressant effects of Xyrem [see Warnings and 
Precautions (5.1)].

7.2 Divalproex Sodium
Concomitant use of Xyrem with divalproex sodium resulted in a 25% mean increase in 
systemic exposure to Xyrem (AUC ratio range of 0.8 to 1.7) and in a greater impairment 
on some tests of attention and working memory. An initial Xyrem dose reduction of at 
least 20% is recommended if divalproex sodium is prescribed to patients already taking 
Xyrem [see Dosage and Administration (2.5) and Clinical Pharmacology (12.3) in the full 
Prescribing Information]. Prescribers are advised to monitor patient response closely and 
adjust dose accordingly if concomitant use of Xyrem and divalproex sodium is warranted.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
There are no adequate data on the developmental risk associated with the use of sodium 
oxybate in pregnant women. Oral administration of sodium oxybate to pregnant rats 
(150, 350, or 1,000 mg/kg/day) or rabbits (300, 600, or 1,200 mg/kg/day) throughout 
organogenesis produced no clear evidence of developmental toxicity; however, oral 
administration to rats throughout pregnancy and lactation resulted in increased stillbirths 
and decreased offspring postnatal viability and growth, at a clinically relevant dose [see 
Data].
In the U.S. general population, the estimated background risk of major birth defects and 
miscarriage in clinically recognized pregnancies is 2-4% and 15-20%, respectively. The 
background risk of major birth defects and miscarriage for the indicated population is 
unknown.
Clinical Considerations
Labor or Delivery
Xyrem has not been studied in labor or delivery. In obstetric anesthesia using an injectable 
formulation of sodium oxybate, newborns had stable cardiovascular and respiratory 
measures but were very sleepy, causing a slight decrease in Apgar scores. There was a 
fall in the rate of uterine contractions 20 minutes after injection. Placental transfer is rapid 
and gamma-hydroxybutyrate (GHB) has been detected in newborns at delivery after 
intravenous administration of GHB to mothers. Subsequent effects of sodium oxybate on 
later growth, development, and maturation in humans are unknown.
Data
Animal Data
Oral administration of sodium oxybate to pregnant rats (150, 350, or 1,000 mg/kg/day) 
or rabbits (300, 600, or 1,200 mg/kg/day) throughout organogenesis produced no clear 
evidence of developmental toxicity. The highest doses tested in rats and rabbits were 
approximately 1 and 3 times, respectively, the maximum recommended human dose 
(MRHD) of 9 g per night on a body surface area (mg/m2) basis.
Oral administration of sodium oxybate (150, 350, or 1,000 mg/kg/day) to rats throughout 
pregnancy and lactation resulted in increased stillbirths and decreased offspring postnatal 
viability and body weight gain at the highest dose tested. The no-effect dose for pre- and 
postnatal developmental toxicity in rats is less than the MRHD on a mg/m2 basis.

8.2 Lactation
Risk Summary
GHB is excreted in human milk after oral administration of sodium oxybate. There 
is insufficient information on the risk to a breastfed infant, and there is insufficient 
information on milk production in nursing mothers. The developmental and health 
benefits of breastfeeding should be considered along with the mother’s clinical need for 
Xyrem and any potential adverse effects on the breastfed infant from Xyrem or from the 
underlying maternal condition.

8.4 Pediatric Use
The safety and effectiveness of Xyrem in the treatment of cataplexy or excessive daytime 
sleepiness in pediatric patients (7 years of age and older) with narcolepsy have been 
established in a double-blind, placebo-controlled, randomized-withdrawal study [see 
Adverse Reactions (6.1) and Clinical Studies (14.3)]. 
In the pediatric clinical trial with Xyrem administration in patients with narcolepsy, 
serious adverse reactions of central sleep apnea and oxygen desaturation documented 
by polysomnography evaluation; suicidal ideation in one patient; neuropsychiatric 
reactions including acute psychosis, confusion, and anxiety; and parasomnias, including 



6.1 Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction 
rates observed in the clinical trials of a drug cannot be directly compared to rates in the 
clinical trials of another drug and may not reflect the rates observed in clinical practice.
Adult Patients
Xyrem was studied in three placebo-controlled clinical trials (Trials N1, N3, and N4) in 611 
patients with narcolepsy (398 subjects treated with Xyrem, and 213 with placebo). A total 
of 781 patients with narcolepsy were treated with Xyrem in controlled and uncontrolled 
clinical trials.
Section 6.1 and Table 2 present adverse reactions from three pooled, controlled trials (N1, 
N3, N4) in patients with narcolepsy.
Adverse Reactions Leading to Treatment Discontinuation:
Of the 398 patients with narcolepsy treated with Xyrem, 10.3% of patients discontinued 
because of adverse reactions compared with 2.8% of patients receiving placebo. The 
most common adverse reaction leading to discontinuation was nausea (2.8%). The 
majority of adverse reactions leading to discontinuation began during the first few weeks 
of treatment.
Commonly Observed Adverse Reactions in Controlled Clinical Trials:
The most common adverse reactions (incidence ≥5% and twice the rate seen with 
placebo) in patients treated with Xyrem were nausea, dizziness, vomiting, somnolence, 
enuresis, and tremor.
Adverse Reactions Occurring at an Incidence of 2% or greater:
Table 2 lists adverse reactions that occurred at a frequency of 2% or more in any 
treatment group for three controlled trials and were more frequent in any Xyrem 
treatment group than with placebo. Adverse reactions are summarized by dose at onset. 
Nearly all patients in these studies initiated treatment at 4.5 g per night. In patients who 
remained on treatment, adverse reactions tended to occur early and to diminish over time.

Table 2
Adverse Reactions Occurring in ≥2% of Adult Patients and More Frequently with Xyrem 
than Placebo in Three Controlled Trials (N1, N3, N4) by Body System and Dose at Onset

System Organ Class/ 
Adverse Reaction

Placebo 
(n=213) %

Xyrem 4.5 g 
(n=185) %

Xyrem 6 g 
(n=258) %

Xyrem 9 g 
(n=178) %

ANY ADVERSE REACTION 62 45 55 70

GASTROINTESTINAL DISORDERS

Nausea 3 8 13 20

Vomiting 1 2 4 11

Diarrhea 2 4 3 4

Abdominal pain upper 2 3 1 2

Dry mouth 2 1 2 1

GENERAL DISORDERS AND ADMINISTRATIVE SITE CONDITIONS

Pain 1 1 <1 3

Feeling drunk 1 0 <1 3

Edema peripheral 1 3 0 0

MUSCULOSKELETAL AND CONNECTIVE TISSUE DISORDERS

Pain in extremity 1 3 1 1

Cataplexy 1 1 1 2

Muscle spasms 2 2 <1 2

NERVOUS SYSTEM DISORDERS

Dizziness 4 9 11 15

Somnolence 4 1 3 8

Tremor 0 0 2 5

Paresthesia 1 2 1 3

Disturbance in attention 0 1 0 4

Sleep paralysis 1 0 1 3

PSYCHIATRIC DISORDERS

Disorientation 1 1 2 3

Anxiety 1 1 1 2

Irritability 1 0 <1 3

Sleep walking 0 0 0 3

RENAL AND URINARY DISORDERS

Enuresis 1 3 3 7

SKIN AND SUBCUTANEOUS TISSUE DISORDERS

Hyperhidrosis 0 1 1 3

Dose-Response Information
In clinical trials in narcolepsy, a dose-response relationship was observed for nausea, 
vomiting, paresthesia, disorientation, irritability, disturbance in attention, feeling drunk, 
sleepwalking, and enuresis. The incidence of all these reactions was notably higher at 9 g 
per night.
In controlled trials in narcolepsy, discontinuations of treatment due to adverse reactions 
were greater at higher doses of Xyrem.

Pediatric Patients (7 Years of Age and Older)
In the pediatric clinical trial (Trial N5), 104 patients aged 7 to 17 years (37 patients aged  
7 to 11 years; 67 patients aged 12 to 17 years) with narcolepsy received Xyrem up to  
377 days (median exposure 332 days). 
Adverse Reactions Leading to Treatment Discontinuation 
In the pediatric clinical trial, 5 of 104 patients reported adverse reactions that led to 
withdrawal from the study (hallucination, tactile; suicidal ideation; weight decreased; 
sleep apnea syndrome; and affect lability). 
Adverse Reactions in the Pediatric Clinical Trial 
The most common adverse reactions (≥5%) were enuresis (18%), nausea (17%), headache 
(16%), vomiting (16%), weight decreased (12%), decreased appetite (8%), and dizziness 
(6%).
Additional information regarding safety in pediatric patients appears in the following 
sections: 
• Respiratory Depression and Sleep-Disordered Breathing [see Warnings and Precautions 

(5.4)] 
• Depression and Suicidality [see Warnings and Precautions (5.5)]
• Other Behavioral or Psychiatric Adverse Reactions [see Warnings and Precautions (5.6)]
• Parasomnias [see Warnings and Precautions (5.7)]

The overall adverse reaction profile of Xyrem in the pediatric clinical trial was similar to 
that seen in the adult clinical trial program.

6.2 Postmarketing Experience
The following adverse reactions have been identified during postapproval use of Xyrem. 
Because these reactions are reported voluntarily from a population of uncertain size, it is 
not always possible to reliably estimate their frequency or establish a causal relationship 
to drug exposure: arthralgia, decreased appetite, fall, fluid retention, hangover, headache, 
hypersensitivity, hypertension, memory impairment, nocturia, panic attack, vision blurred, 
and weight decreased.

7 DRUG INTERACTIONS
7.1 Alcohol, Sedative Hypnotics, and CNS depressants
Xyrem should not be used in combination with alcohol or sedative hypnotics. Use of other 
CNS depressants may potentiate the CNS-depressant effects of Xyrem [see Warnings and 
Precautions (5.1)].

7.2 Divalproex Sodium
Concomitant use of Xyrem with divalproex sodium resulted in a 25% mean increase in 
systemic exposure to Xyrem (AUC ratio range of 0.8 to 1.7) and in a greater impairment 
on some tests of attention and working memory. An initial Xyrem dose reduction of at 
least 20% is recommended if divalproex sodium is prescribed to patients already taking 
Xyrem [see Dosage and Administration (2.5) and Clinical Pharmacology (12.3) in the full 
Prescribing Information]. Prescribers are advised to monitor patient response closely and 
adjust dose accordingly if concomitant use of Xyrem and divalproex sodium is warranted.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
There are no adequate data on the developmental risk associated with the use of sodium 
oxybate in pregnant women. Oral administration of sodium oxybate to pregnant rats 
(150, 350, or 1,000 mg/kg/day) or rabbits (300, 600, or 1,200 mg/kg/day) throughout 
organogenesis produced no clear evidence of developmental toxicity; however, oral 
administration to rats throughout pregnancy and lactation resulted in increased stillbirths 
and decreased offspring postnatal viability and growth, at a clinically relevant dose [see 
Data].
In the U.S. general population, the estimated background risk of major birth defects and 
miscarriage in clinically recognized pregnancies is 2-4% and 15-20%, respectively. The 
background risk of major birth defects and miscarriage for the indicated population is 
unknown.
Clinical Considerations
Labor or Delivery
Xyrem has not been studied in labor or delivery. In obstetric anesthesia using an injectable 
formulation of sodium oxybate, newborns had stable cardiovascular and respiratory 
measures but were very sleepy, causing a slight decrease in Apgar scores. There was a 
fall in the rate of uterine contractions 20 minutes after injection. Placental transfer is rapid 
and gamma-hydroxybutyrate (GHB) has been detected in newborns at delivery after 
intravenous administration of GHB to mothers. Subsequent effects of sodium oxybate on 
later growth, development, and maturation in humans are unknown.
Data
Animal Data
Oral administration of sodium oxybate to pregnant rats (150, 350, or 1,000 mg/kg/day) 
or rabbits (300, 600, or 1,200 mg/kg/day) throughout organogenesis produced no clear 
evidence of developmental toxicity. The highest doses tested in rats and rabbits were 
approximately 1 and 3 times, respectively, the maximum recommended human dose 
(MRHD) of 9 g per night on a body surface area (mg/m2) basis.
Oral administration of sodium oxybate (150, 350, or 1,000 mg/kg/day) to rats throughout 
pregnancy and lactation resulted in increased stillbirths and decreased offspring postnatal 
viability and body weight gain at the highest dose tested. The no-effect dose for pre- and 
postnatal developmental toxicity in rats is less than the MRHD on a mg/m2 basis.

8.2 Lactation
Risk Summary
GHB is excreted in human milk after oral administration of sodium oxybate. There 
is insufficient information on the risk to a breastfed infant, and there is insufficient 
information on milk production in nursing mothers. The developmental and health 
benefits of breastfeeding should be considered along with the mother’s clinical need for 
Xyrem and any potential adverse effects on the breastfed infant from Xyrem or from the 
underlying maternal condition.

8.4 Pediatric Use
The safety and effectiveness of Xyrem in the treatment of cataplexy or excessive daytime 
sleepiness in pediatric patients (7 years of age and older) with narcolepsy have been 
established in a double-blind, placebo-controlled, randomized-withdrawal study [see 
Adverse Reactions (6.1) and Clinical Studies (14.3)]. 
In the pediatric clinical trial with Xyrem administration in patients with narcolepsy, 
serious adverse reactions of central sleep apnea and oxygen desaturation documented 
by polysomnography evaluation; suicidal ideation in one patient; neuropsychiatric 
reactions including acute psychosis, confusion, and anxiety; and parasomnias, including 

sleepwalking, have been reported [see Warnings and Precautions (5.4, 5.5, 5.6, 5.7) and 
Adverse Reactions (6.1)].
Safety and effectiveness of Xyrem in pediatric patients below the age of 7 years have not 
been established.
Juvenile Animal Toxicity Data 
In a study in which sodium oxybate (0, 100, 300, or 900 mg/kg/day) was orally 
administered to rats during the juvenile period of development (postnatal days 21 through 
90), mortality was observed at the two highest doses tested. Deaths occurred during 
the first week of dosing and were associated with clinical signs (including decreased 
activity and respiratory rate) consistent with the pharmacological effects of the drug. 
Reduced body weight gain in males and females and delayed sexual maturation in males 
were observed at the highest dose tested. The no-effect dose for adverse effects in 
juvenile rats is associated with plasma exposures (AUC) less than that at the maximum 
recommended human dose (9 g/night).

8.5 Geriatric Use
Clinical studies of Xyrem in patients with narcolepsy did not include sufficient numbers 
of subjects age 65 years and older to determine whether they respond differently from 
younger subjects. In controlled trials in another population, 39 (5%) of 874 patients were 
65 years or older. Discontinuations of treatment due to adverse reactions were increased 
in the elderly compared to younger adults (20.5% v. 18.9%). Frequency of headaches was 
markedly increased in the elderly (38.5% v. 18.9%). The most common adverse reactions 
were similar in both age categories. In general, dose selection for an elderly patient 
should be cautious, usually starting at the low end of the dosing range, reflecting the 
greater frequency of decreased hepatic, renal, or cardiac function, and of concomitant 
disease or other drug therapy.

8.6 Hepatic Impairment
Because of an increase in exposure to Xyrem, the starting dose should be reduced 
in patients with liver impairment [see Dosage and Administration (2.4) and Clinical 
Pharmacology (12.3) in the full Prescribing Information].

9 DRUG ABUSE AND DEPENDENCE
9.1 Controlled Substance
Xyrem is a Schedule III controlled substance under the Federal Controlled Substances Act. 
Non-medical use of Xyrem could lead to penalties assessed under the higher Schedule I 
controls.

9.2 Abuse
Xyrem (sodium oxybate), the sodium salt of GHB, produces dose-dependent central 
nervous system effects, including hypnotic and positive subjective reinforcing effects. The 
onset of effect is rapid, enhancing its potential for abuse or misuse.
The rapid onset of sedation, coupled with the amnestic features of Xyrem, particularly 
when combined with alcohol, has proven to be dangerous for the voluntary and 
involuntary user (e.g., assault victim).
Illicit GHB is abused in social settings primarily by young adults. Some of the doses 
estimated to be abused are in a similar dosage range to that used for treatment of 
patients with cataplexy. GHB has some commonalities with ethanol over a limited dose 
range, and some cross tolerance with ethanol has been reported as well. Cases of severe 
dependence and craving for GHB have been reported when the drug is taken around 
the clock. Patterns of abuse indicative of dependence include: 1) the use of increasingly 
large doses, 2) increased frequency of use, and 3) continued use despite adverse 
consequences.
Because illicit use and abuse of GHB have been reported, physicians should carefully 
evaluate patients for a history of drug abuse and follow such patients closely, observing 
them for signs of misuse or abuse of GHB (e.g., increase in size or frequency of dosing, 
drug-seeking behavior, feigned cataplexy). Dispose of Xyrem according to state and 
federal regulations. It is safe to dispose of Xyrem down the sanitary sewer.

9.3 Dependence
There have been case reports of withdrawal, ranging from mild to severe, following 
discontinuation of illicit use of GHB at frequent repeated doses (18 g to 250 g per day) 
in excess of the recommended dosage range. Signs and symptoms of GHB withdrawal 
following abrupt discontinuation included insomnia, restlessness, anxiety, psychosis, 
lethargy, nausea, tremor, sweating, muscle cramps, tachycardia, headache, dizziness, 
rebound fatigue and sleepiness, confusion, and, particularly in the case of severe 
withdrawal, visual hallucinations, agitation, and delirium. These symptoms generally 
abated in 3 to 14 days. In cases of severe withdrawal, hospitalization may be required. The 
discontinuation effects of Xyrem have not been systematically evaluated in controlled 
clinical trials. In the clinical trial experience with Xyrem in narcolepsy/cataplexy patients at 
recommended doses, two patients reported anxiety and one reported insomnia following 
abrupt discontinuation at the termination of the clinical trial; in the two patients with 
anxiety, the frequency of cataplexy had increased markedly at the same time.
Tolerance
Tolerance to Xyrem has not been systematically studied in controlled clinical trials. There 
have been some case reports of symptoms of tolerance developing after illicit use at 
dosages far in excess of the recommended Xyrem dosage regimen. Clinical studies 
of sodium oxybate in the treatment of alcohol withdrawal suggest a potential cross-
tolerance with alcohol. The safety and effectiveness of Xyrem in the treatment of alcohol 
withdrawal have not been established.

10 OVERDOSAGE
10.1 Human Experience
Information regarding overdose with Xyrem is derived largely from reports in the medical 
literature that describe symptoms and signs in individuals who have ingested GHB illicitly. 
In these circumstances the co-ingestion of other drugs and alcohol was common, and 
may have influenced the presentation and severity of clinical manifestations of overdose.
In adult clinical trials two cases of overdose with Xyrem were reported. In the first case, an 
estimated dose of 150 g, more than 15 times the maximum recommended dose, caused a 
patient to be unresponsive with brief periods of apnea and to be incontinent of urine and 
feces. This individual recovered without sequelae. In the second case, death was reported 
following a multiple drug overdose consisting of Xyrem and numerous other drugs.

10.2 Signs and Symptoms
Information about signs and symptoms associated with overdosage with Xyrem derives 
from reports of illicit use of GHB. Patient presentation following overdose is influenced 
by the dose ingested, the time since ingestion, the co-ingestion of other drugs and 
alcohol, and the fed or fasted state. Patients have exhibited varying degrees of depressed 
consciousness that may fluctuate rapidly between a confusional, agitated combative 
state with ataxia and coma. Emesis (even when obtunded), diaphoresis, headache, and 

impaired psychomotor skills have been observed. No typical pupillary changes have been 
described to assist in diagnosis; pupillary reactivity to light is maintained. Blurred vision 
has been reported. An increasing depth of coma has been observed at higher doses. 
Myoclonus and tonic-clonic seizures have been reported.
Respiration may be unaffected or compromised in rate and depth. Cheyne-Stokes 
respiration and apnea have been observed. Bradycardia and hypothermia may 
accompany unconsciousness, as well as muscular hypotonia, but tendon reflexes  
remain intact.

10.3 Recommended Treatment of Overdose
General symptomatic and supportive care should be instituted immediately, and gastric 
decontamination may be considered if co-ingestants are suspected. Because emesis 
may occur in the presence of obtundation, appropriate posture (left lateral recumbent 
position) and protection of the airway by intubation may be warranted. Although the 
gag reflex may be absent in deeply comatose patients, even unconscious patients 
may become combative to intubation, and rapid-sequence induction (without the use 
of sedative) should be considered. Vital signs and consciousness should be closely 
monitored. The bradycardia reported with GHB overdose has been responsive to atropine 
intravenous administration. No reversal of the central depressant effects of Xyrem can be 
expected from naloxone or flumazenil administration. The use of hemodialysis and other 
forms of extracorporeal drug removal have not been studied in GHB overdose. However, 
due to the rapid metabolism of sodium oxybate, these measures are not warranted.

10.4 Poison Control Center
As with the management of all cases of drug overdosage, the possibility of multiple drug 
ingestion should be considered. The healthcare provider is encouraged to collect urine 
and blood samples for routine toxicologic screening, and to consult with a regional poison 
control center (1-800-222-1222) for current treatment recommendations.

17 PATIENT COUNSELING INFORMATION
Advise the patient and/or caregiver to read the FDA-approved patient labeling 
(Medication Guide and Instructions for Use) in the full Prescribing Information.
Central Nervous System Depression
Inform patients and/or caregivers that Xyrem can cause central nervous system 
depression, including respiratory depression, hypotension, profound sedation, syncope, 
and death. Instruct patients to not engage in activities requiring mental alertness or 
motor coordination, including operating hazardous machinery, for at least 6 hours 
after taking Xyrem. Instruct patients and/or their caregivers to inform their healthcare 
providers of all the medications they take [see Warnings and Precautions (5.1)].
Abuse and Misuse
Inform patients and/or caregivers that the active ingredient of Xyrem is gamma-
hydroxybutyrate (GHB), which is associated with serious adverse reactions with illicit use 
and abuse [see Warnings and Precautions (5.2)].
Xyrem REMS Program
Xyrem is available only through a restricted program called the Xyrem REMS Program 
[see Warnings and Precautions (5.3)]. Inform the patient and/or caregiver of the following 
notable requirements: 
• Xyrem is dispensed only by the central pharmacy 
• Xyrem will be dispensed and shipped only to patients enrolled in the Xyrem REMS 

Program 

Xyrem is available only from the central pharmacy participating in the program. 
Therefore, provide patients and/or caregivers with the telephone number and website for 
information on how to obtain the product.
Alcohol or Sedative Hypnotics
Advise patients and/or caregivers that alcohol and other sedative hypnotics should not 
be taken with Xyrem.
Sedation
Inform patients and/or caregivers that the patient is likely to fall asleep quickly after 
taking Xyrem (often within 5 and usually within 15 minutes), but the time it takes to fall 
asleep can vary from night to night. The sudden onset of sleep, including in a standing 
position or while rising from bed, has led to falls complicated by injuries, in some cases 
requiring hospitalization. Instruct patients and/or caregivers that the patient should 
remain in bed following ingestion of the first and second doses. Instruct patients and/or 
caregivers that the patient should not take their second dose until 2.5 to 4 hours after the 
first dose.
Food Effects on Xyrem
Inform patients and/or caregivers that the first dose should be taken at least 2 hours after 
eating.
Depression and Suicidality
Instruct patients and/or caregivers to contact a healthcare provider immediately if 
the patient develops depressed mood, markedly diminished interest or pleasure in 
usual activities, significant change in weight and/or appetite, psychomotor agitation 
or retardation, increased fatigue, feelings of guilt or worthlessness, slowed thinking or 
impaired concentration, or suicidal ideation [see Warnings and Precautions (5.5)].
Other Behavioral or Psychiatric Adverse Reactions
Inform patients and/or caregivers that Xyrem can cause behavioral or psychiatric 
adverse reactions, including confusion, anxiety, and psychosis. Instruct them to notify 
their healthcare provider if any of these types of symptoms occur [see Warnings and 
Precautions (5.6)].
Sleepwalking
Instruct patients and/or caregivers that Xyrem has been associated with sleepwalking and 
other behaviors during sleep, and to contact their healthcare provider if this occurs [see 
Warnings and Precautions (5.7)].
Sodium Intake
Instruct patients and/or caregivers that Xyrem contains a significant amount of 
sodium and patients who are sensitive to sodium intake (e.g., those with heart failure, 
hypertension, or renal impairment) should limit their sodium intake [see Warnings and 
Precautions (5.8)].

Distributed By:
Jazz Pharmaceuticals, Inc. Palo Alto, CA 94304
Revised: 10/2018
©2018 Jazz Pharmaceuticals plc or its subsidiaries Printed in the USA US-XYR-0341(3) Rev1018



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

IN THE GLOBAL BURDEN OF DISEASE STUDY, 
migraine is the second leading cause of years lived 
with disability.1 Approximately 14 percent of the 
(United States) U.S. population has migraine. The 
rate is higher in women; 21 percent of women have 
migraine (23% in the 18 to 44 age range) and 10 
percent of men.2 The lifetime cumulative incidence 
in the U.S. is 43 percent in women and 18 percent 
in men.3 Five percent of women in the U.S. have 
headache more than 15 days per month; migraine 
likely represents a significant component for these 
patients. Migraine has not received the global public 
health attention it should have, given its prevalence 
and impact on morbidity.

Migraine has a wide spectrum of disease. There 
are individuals who have one or two attacks a year, 
which are effectively treated with current acute 
therapy. Then there are those who essentially have 
almost daily headache. Even those who only have 

a migraine one or two days per month can be sig-
nificantly impacted. Monthly, they are losing one 
to two days of productivity and are experiencing a 
diminished quality of life. 

Migraine is not just a headache; it is a constellation 
of symptoms which occurs over four to 72 hours. 
Exhibit 1 shows the evolution of a migraine. Pro-
dromal symptoms can start hours before the head-
ache begins. Functional brain imaging shows that 
different regions of the brain are activated in each 
phase of a migraine attack.

Several concepts about migraine have changed 
recently because of better brain imaging. Migraine 
is primarily a disorder of brain excitability; the hy-
pothesis that migraine is caused by vasodilation has 
been replaced. Vasodilation may occur as part of the 
disorder; however, it is not what is causing migraine 
pain. It is now known that migraine therapies do not 
work by constricting blood vessels.

Summary
A new class of medications targeting a pathway in the underlying pathology of 
migraine is now available. These injectable agents reduce monthly headache days 
in a significant number of patients with few adverse effects. Importantly, they also 
reduce use of acute medication and disability and improve quality of life.

Key Points
• Adherence and persistence are poor with traditional preventive agents, likely  
 due to lack of efficacy and adverse effects.
• Monoclonal antibodies targeting CGRP were developed specifically for migraine 
 unlike traditional preventive agents.
• CGRP antagonists appear to be safe and well tolerated.
• Patient selection, treatment algorithms, and cost versus benefit will be complex  
 issues that will have to be faced moving forward.

New Therapeutic Options in the Prevention and 
Management of Migraine: 

How Emerging CGRP Therapies Could Change 
the Treatment Paradigms

Andrew C. Charles, MD
For a CME/CEU version of this article, please go to http://www.namcp.org/home/education, 

and then click the activity title.
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Once migraine is diagnosed, part of the treatment 
is to identify and change exacerbating environmen-
tal factors and medications. Butalbital (Fiorinal®) 
and narcotics need to be avoided because these lead 
to worsening of migraine over time. Proton pump 
inhibitors, nasal corticosteroids, and decongestants 
can also exacerbate migraine in some people. Some 

simple environmental changes can help headache 
patients manage. Consistency is important. Patients 
should regularly eat meals, sleep, and exercise aero-
bically. If having caffeine, they should have small 
amounts on a regular basis. They especially need to 
be consistent during stressful periods.

Patients need a regimen for acute therapy of head-

Exhibit 1: Evolution of a Migraine Attack
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Exhibit 2: Acute Therapies

• TRIPTANS
  • Sumatriptan (tablets, nasal spray, nasal powder, injection)
  • Rizatriptan (tablets, “melttabs”)
  • Naratriptan (tablets) – longer acting
  • Zolmitriptan (tablets, “melttabs”, nasal spray)
  • Almotriptan (tablets) – well tolerated
  • Frovatriptan (tablets) – longer acting
  • Eletriptan (tablets) – may be effective when others fail

• NSAIDS
  • Ibuprofen, naproxen, meloxicam, diclofenac, ketorolac oral or injectable
  • Diclofenac dissolvable powder

• ANTIEMETICS
  • Metoclopramide, prochlorperazine, ondansetron
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ache (Exhibit 2) and, if appropriate, preventive ther-
apy. Whichever acute therapy preparation is used, it 
is important that the patient treat the episode as ear-
ly as possible. This requires patients to identify their 
own pattern of headache. Combination therapy is 
acceptable, but caffeine-containing analgesics are 
problematic for causing medication overuse head-
ache. The triptans are safe and effective for acute 
treatment and are the standard first-line agent. The 
only common contraindication for triptans is es-
tablished coronary artery disease. These agents are 
actually nonprescription in Europe. Triptans may 
work better in combination with a nonsteroidal an-
ti-inflammatory in many patients. Antiemetics may 
also be necessary if nausea and vomiting are an issue. 
Once an acute treatment is instituted, it is important 
to assess efficacy in order to see if it is working and 
to see if preventive therapy is needed.

Preventive therapies are used to decrease the num-
ber of migraine-days per month in both episodic mi-
graine (EM, less than 15 headache days per month) 
and chronic migraine (CM, 15 or more headache-
days per month). Exhibit 3 lists the options based on 
evidence levels from the American Association of 
Neurology Preventive Therapy Guidelines.4 These 

guidelines have not been updated since the develop-
ment of the newest preventive agents, the calcitonin 
gene-related peptide (CGRP) antagonists. First-line 
options are beta blockers, candesartan, tricyclics, or 
topiramate. Botox injections are approved for CM 
only. Clinicians can choose an agent based on co-
morbidity and potential adverse effects. If the pa-
tient is anxious, a beta blocker would be first choice. 
If hypertensive, a beta blocker or candesartan would 
be the option; if insomnia, nortriptyline or amitrip-
tyline; and if overweight, topiramate. There is no 
good indicator of who will respond to a given pre-
ventive. In one trial, within 30 days of starting a 
preventive, 50 percent of patients stopped the agent 
and only 20 percent were still on the initial agent 
at six months.5 Adherence and persistence are poor 
with traditional preventive agents, primarily due to 
lack of efficacy and adverse effects.

CGRP, a neuropeptide, is released into the circu-
lation during a migraine or cluster headache attack. 
The normal physiologic role of CGRP appears to 
be restoration of normal vascular tone in the face 
of vasoconstriction. CGRP receptors are expressed 
in the vasculature, pain perception system, and gas-
trointestinal tract. There is overwhelming evidence 

Exhibit 3: AAN Preventive Therapy Guidelines for Episodic Migraine4
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Ineffective

AEDs 
Divalproex  
Valproate 
Topiramate  
 
β-blockers 
Metoprolol 
Propranolol 
Timolol 
 
ARB 
Candesartan

SNRI/TCA 
Amitriptyline 
Venlafaxine  
 
 
β-blockers  
Atenolol 
Nadolol

ACE inhibitor 
Lisinopril  
 
α-agonists 
Clonidine 
Guanfacine  
 
AEDs 
Carbamazepine 
 
β-blockers 
Nebivolol 
Pindolol 
 
Leukotriene 
antagonist 
Cyproheptadine

CA inhibitor 
Acetazolamide   
Anticoagulants 
Coumadin 
Picotamide  
SSRI/SSNRI 
Fluvoxamine  
Fluoxetine 
AEDs 
Gabapentin  
TCAs 
Protriptyline  
β-blockers 
Bisoprolol  
Ca channel blockers 
Nicardipine 
Nifedipine 
Nimodipine 
Verapamil 

NOT effective 
Lamotrigine 
  
Probably NOT 
effective 
Clomipramine 
  
Possibly NOT 
effective 
Acebutolol 
Clonazepam 
Nabumetone 
Oxcarbazepine 
Telmisartan

AAN = American Academy of Neurology 
AED = antiepileptic drug 
ARB = angiotensin-receptor blocker 
ACE = angiotensin-converting enzyme 
Ca = calcium.
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that CGRP plays a vital role in the development of 
migraine or cluster headache. Treatment of an at-
tack restores CGRP levels to baseline, and CGRP 
infusion evokes migraine.6-8 Serum CGRP levels 
are elevated in people with CM compared with 
those without.9 Also, the triptans inhibit release of 
CGRP, which may be one way by which they work 
for acute treatment of migraine.

Based on the effects of CGRP in migraine, small 
molecule CGRP receptor antagonists (gepants) are 
being investigated as acute treatment. Although 
these agents effectively abort migraine attacks, sever-
al of the compounds are no longer being investigated 
because of adverse effects.10-12 It is unknown if any of 
these gepants will eventually make it to market.

Injectable CGRP antagonists, which bind to the 
CGRP receptor or to CGRP peptide itself, were 
also developed. There are now three FDA-approved 
monoclonal antibody CGRP antagonists (Exhibit 
4). A fourth agent will likely be FDA approved in 
early 2020. In three-month long studies, these agents 
reduced monthly headache days in EM and CM by a 
median of approximately two days per month com-
pared to placebo.13-18 The reduction in headache 
days with the CGRP antagonists is similar to other 
preventive therapies on the surface. These agents are 
effective within one month, unlike traditional pre-
ventive therapies which can take up to six months 
to see benefit; additionally, the patient’s migraine 

attacks continue to reduce over six months of treat-
ment. There are no head-to-head trials with these 
agents; however, after comparing the various trials, 
it appears that the three available agents have similar 
efficacy. Fremanezumab appears equally effective, 
whether given monthly or quarterly, and appears to 
have the most rapid onset. Another difference from 
traditional preventives is in responder rates. The 50 
percent reduction in the monthly headache days rate 
is 50 percent for fremanezumab, 57 percent for gal-
canezumab, and 44 percent for erenumab. Seven-
ty-five percent response rates are approximately 30 
percent and 100 percent response rates are 9 to 26 
percent, depending on the agent. These agents also 
appear to be effective in people who have failed nu-
merous prior preventive therapies.

In Phase II/III trials of the CGRP antagonists, the 
discontinuation rate due to adverse effects was 0 to 
3.7 percent compared with 8 to 27 percent for pla-
cebo; this discontinuation for CGRP antagonists is 
much lower than what occurs with the traditional 
oral preventive drugs. The tolerability of these agents 
is good. Injection-site reactions and constipation are 
the only adverse effects seen consistently more than 
with placebo. No serious adverse effects related to 
treatment have been seen thus far. Overall, safety 
has been excellent, with no safety signals and no plan 
for requiring blood monitoring or other monitoring.

For the monoclonal antibody trials, the FDA sug-

Exhibit 4: Injectable Monoclonal Antibodies Targeting CGRP

Erenumab 
Aimovig®

Eptinezumab Galcanezumab 
Emgality®

Fremanezumab 
Ajovy®

Studied for EM, CM EM, CM EM, CM, eCH, cCH EM, CM, eCH, cCH

Dosing
Monthly 

SC (70, 140 mg) 
Autoinjector

Q3 month IV

Monthly SC (240 
loading dose/120 mg 

(EM/CM);  
Autoinjector

Monthly (225 mg) or 
Q3 month (225mg 

x 3) SC Prefilled 
syringe

Half Life 21 days ~32 days ~25 to 30 days 32 days

Fully human Humanized Humanized Humanized

Target CGRP receptor CGRP peptide CGRP peptide CGRP peptide

FDA 
Approved 
Indications

Preventive treatment 
of migraine in adults

Submitted to FDA; 
approval likely early 

2020

Preventive treatment 
of migraine in adults 
Treatment of eCH in 

adults

Preventive treatment 
of migraine in adults

EM = episodic migraine 
CM = chronic migriane 
eCH = episodic cluster headache 
cCH = chronic cluster headache 
SC = subcutaneous 
IV = intravenous
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gested a consistent primary endpoint of reduction of 
monthly migraine days. All of the approved agents 
reduce monthly migraine days in both EM and 
CM. In CM registration studies, 40 to 60 percent 
of subjects had medication overuse. All four agents 
have rapid onset, separate from placebo within one 
week, produce a clinically meaningful response by 
one month, have favorable responder rates of 50 
percent and higher, and have safety and tolerability 
similar to placebo. Almost all secondary endpoints 
in the clinical trials were positive, with decreased 
acute medication days, reduced disability, and im-
proved quality of life.

In the initial observations from using these 
agents in over 1,000 patients at UCLA, patient re-
sponses are consistent with or better than clinical 
trial results. The majority of patients are respond-
ing, with some having dramatic benefit. Previous 
preventive treatment failures do not predict fail-
ure of treatment with CGRP antagonists. Most 
responders show significant benefit within one 
month. There appears to be no clear “wearing 
off ” of response at the end of the dosing interval. 
No serious adverse effects have been seen thus far. 
One exception to tolerability is a frequent occur-
rence of constipation, which was not commonly 
reported in trials. It is happening in about 25 per-
cent of patients and can be severe in those who are 
on other constipating medications. CGRP may be 
involved in gastrointestinal tract motility; the rate 
may be less with galcanezumab and fremanezum-
ab because they interact with the CGRP peptide 
and not the actual receptor.

There is not yet a definitive way to predict response 
to the CGRP antagonists. Initial observations sug-
gest that triptan responsiveness may predict response 
and daily headache may predict non-responsiveness. 
In general, if a patient is going to respond, they will 
respond within the first month of treatment. The 
response does tend to improve somewhat over time.

Erenumab, fremanezumab, and galcanezumab are 
all priced at $575 per dose. Currently, all the manu-
facturers are offering free trials, ranging from two 
months to one year. Many insurance companies are 
approving treatment with prior-authorization, with 
a typical co-pay of $50. The authorization process 
varies significantly among payers. Exactly where 
in the treatment process this class fits has yet to be 
determined. Tertiary referral centers such as UCLA 
are using these with patients who have failed one or 
more preventive therapies.

Conclusion
Monoclonal antibodies targeting CGRP have the 
potential to transform our clinical approach to mi-

graine and cluster headache. The CGRP mono-
clonal antibodies were developed specifically to 
target an underlying pathologic issue in migraine 
and appear to be safe and well tolerated; however, 
clinicians will need to be vigilant about identify-
ing any long-term adverse effects. Patient selec-
tion, treatment algorithms, and cost versus benefit 
will be complex issues that will have to be faced 
moving forward.

Andrew C. Charles, MD is a Professor, Director of the UCLA Goldberg 

Migraine Program, and Meyer and Renee Luskin Chair in Migraine and 

Headache Studies at the David Geffen School of Medicine at UCLA in 

Los Angeles, CA.
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ALZHEIMER’S DISEASE (AD), THE MOST 
common cause of dementia, appears to develop from 
multiple factors, such as genetics, lifestyle and envi-
ronment. Initially, neurons and their connections in 
parts of the brain involved in memory, including the 
entorhinal cortex and hippocampus, are destroyed.1 
AD later affects areas in the cerebral cortex respon-
sible for language, reasoning, and social behavior. 
Eventually, many other areas of the brain are dam-
aged. Over time, a person with AD gradually loses 
their ability to live and function independently. Ul-
timately, the disease is fatal.

Twenty years or more before symptoms appear, 
the brain changes of AD begin (Exhibit 1). Prevent-
ing AD means starting with primary prevention in 
people before they turn 40. Slowing the develop-
ment of the disease (secondary prevention) is also 
possible for the 40 million Americans with preclini-
cal AD. Thus, AD is a lifelong disease and the ear-
lier preventive strategies are implemented the better. 
Most of the AD prevention trials are actually sec-

ondary prevention trials in people who already have 
preclinical disease.

The risk factors for AD are numerous, with some 
being modifiable (Exhibit 2). The apolipoprotein E 
є4 (APOE є4) gene is associated with late-onset AD 
(LOAD), and those with this allele actually have 
smaller brains at birth. The diagnostic evaluation of 
memory loss includes laboratory testing to rule out 
reversible causes such as B12 deficiency and hypo-
thyroidism. Screening for neuro-syphilis is not rec-
ommended unless there is a high clinical suspicion.2 
Only about 5 to 8 percent of the time is memory 
loss caused by something reversible. Genetic testing 
is controversial; people can have the APOE є4 gene 
and never get AD, or they cannot have the gene and 
still develop the disease. APOE є4 allele testing is 
not helpful for a diagnosis; however, it is helpful for 
personalized therapy. Rare genes [Presenilin 1 and 
2, amyloid beta precursor protein (APP)] are associ-
ated with early onset/autosomal-dominant AD and 
can also be tested. Cerebrospinal fluid biomarkers 

Summary
Alzheimer’s disease (AD) is a devastating neurodegenerative dementia that affects 
nearly 50 million people worldwide, and it is a costly disease in terms of morbid-
ity, mortality, and health care expenditures. Medications are available that reduce 
symptoms in those who already have the disease, and there are numerous interven-
tions that can be combined to delay the development of the disease in those with-
out any evidence of disease or preclinical disease.

Key Points
• Alzheimer’s disease begins in the brain many years before symptom onset.
• Available therapies for Alzheimer’s disease are modestly beneficial.
• There are evidence-based strategies that can prevent cognitive decline.
• One in three cases likely can be prevented.

Advances in Early Diagnosis and 
Treatment Strategies in the 

Management of Alzheimer’s Disease
Richard S. Isaacson, MD
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[β-amyloid and total and phosphorylated tau (t-tau, 
p-tau)] are useful as a supplement to clinical evalua-
tion, particularly in uncertain and atypical cases, to 
identify or exclude AD as the cause of dementia.3 
Neuroimaging with a CT or MRI is also done to 
rule out brain tumor and bleeds. Hippocampal atro-
phy on MRI along with short-term memory loss are 
indicative of AD. Brain scans to estimate β-amyloid 
plaques in cognitively impaired people are available, 
but because of costs and lack of reimbursement they 
are not used often for diagnosis; they are, however, 
used frequently in clinical trials.

Cognitive assessments are also necessary for diag-
nosis. Some screening tests, such as AD8 and a self-
administered gerocognitive examination (SAGE), 
may be completed before an office visit. 4,5 Other 
tests can be completed quickly in person, such as 
Mini-Cog (three word recall and clock draw).6 Tra-
ditional full neuropsychological testing can be help-
ful if the diagnosis is unclear.

There are four FDA-approved medications that 
provide modest alleviation of AD symptoms, but 
they do not prevent disease progression. Acetyl-
cholinesterase inhibitors (AChI), donepezil, galan-
tamine, rivastigmine and memantine have consistent 
effects in domains of cognition and global assess-
ment.7 These agents need to be started at a low dose 
and slowly escalated to reduce adverse effects. An 
AChI should be the first choice for mild to moderate 
AD. Memantine is added to the AChI for moderate 

to severe AD. The effects of AChI can be augment-
ed with folic acid. In one small trial, 70 percent of 
subjects receiving folic acid compared to 39 percent 
of placebo subjects were AChI responders.8

Behavioral symptoms of AD are difficult to 
manage but can be treated with pharmacotherapy 
and nonpharmacologic interventions. The FDA-
approved agents can reduce many of the problem 
behaviors. Beyond the agents specifically approved 
for AD symptoms, selective serotonin reuptake in-
hibitors (citalopram and escitalopram) and antipsy-
chotics have been used. Despite black box warnings 
about the use of antipsychotics for dementia symp-
toms, occasionally low doses are a therapy of last 
resort. Patients will likely be on a cocktail of agents. 
Pimavanserin (Nuplazid®), an atypical antipsychotic 
indicated for the treatment of hallucinations and de-
lusions associated with Parkinson’s disease psychosis, 
has been studied for AD-related symptoms.9 Also 
under investigation is dextromethorphan/quinidine 
(Neudexta®), which is already approved for pseudo-
bulbar affect.10 Nonpharmacologic interventions are 
just as important in managing behavior. These in-
clude social contact or simulated interaction (epets), 
light therapy, hearing aids, pain management, care-
giver/family/staff training, and music therapy.

There are exciting studies of anti-β amyloid thera-
pies for mild AD and mild cognitive impairment. 
One trial of gantenerumab failed, but there was a 
trend for amyloid PET reduction in the treatment 

Exhibit 1: Primary, Secondary and Tertiary Prevention
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group.11 Other ongoing trials with this agent are 
using a higher dose. Crenezumab was successful in 
Phase II trials, so it is now being studied in Phase III 
trials for prodromal to mild AD.12,13 In the Phase II 
trials, there was a positive trend with a high dose in 
slowing cognitive decline. It is also being studied in 
prevention in autosomal-dominant Alzheimer’s dis-
ease (ADAD, presenilin 1 mutations).14 Aducanum-
ab is in Phase III trials for mild cognitive impair-
ment Alzheimer’s disease (MCI-AD) and AD.15

In an 18-month Phase II trial in 856 patients 
with MCI due to AD, BAN-2401, another anti-
beta-amyloid antibody, produced significant slow-
ing in clinical decline and reduction of amyloid ac-
cumulation (by 70%).16 The AD Composite Score 
showed a 30 percent less decline. It will likely be 
several years before any of the anti-beta amyloid 
agents reach the market.

The Alzheimer’s Prevention Clinic (APC) at Weill 
Cornell Medical College/New York - Presbyterian 
Hospital was the first of several AD prevention pro-
grams, and there are now about 15 prevention pro-
grams. Hopefully, within the next five years, pre-
ventive neurology will be an accepted subspecialty 
practice. This clinic uses three key considerations 
for recommending preventive strategies to patients 
– evidence-based and safe, personalized, and not an 
“algorithm.” At the clinic, patients seeking to lower 
their AD risk undergo a comprehensive assessment, 
receive a personalized plan based on rapidly evolv-
ing scientific evidence, and are followed over time, 
using validated as well as emerging clinical and re-
search technology. The APC approach applies the 
principles of pharmacogenomics, nutrigenomics, 
and clinical precision medicine to tailor individu-
alized therapies for patients.17,18 Longitudinal mea-
sures, currently assessed in the clinic, include an-
thropometrics, cognition, biomarkers, and genetics, 
as well as validated, self-reported measures that en-

able patients to track several aspects of health-related 
quality of life.17,18

Focusing on early detection and intervention is im-
portant because the earlier intervention starts the bet-
ter the patient outcomes. Prevention programs en-
courage also at-risk people to enroll in clinical trials, 
participate in support services, create advance health 
directives, begin making financial and legal arrange-
ments, and plan ahead for potential safety issues.

The ABCs of AD prevention are anthropometrics 
(body fat, waist circumference, waist to hip ratio), 
blood biomarkers (lipids, inflammation, metabo-
lism, nutrition, genetics), and cognition (NIH Tool-
box® and paper, Web, and mobile-based tests). Each 
of these areas is monitored every six months. The 
NIH Toolbox® is a comprehensive set of neurobe-
havioral measurements that quickly assess cognitive, 
emotional, sensory, and motor functions from the 
convenience of a computer application.

Exhibit 3 lists the categories of interventions that 
are recommended to patients enrolled in an AD pre-
vention clinic. Nutritional interventions and exer-
cise improve brain metabolism the most. An aver-

Exhibit 2: Alzheimer’s Disease Risk Factors
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age of 22 different recommendations are made to 
enrolled patients. Nutritional interventions which 
have been shown to be beneficial are shown in Ex-
hibit 4. The Mediterranean diet is by far the best 
way to delay cognitive decline. Although it is hard 
to get people to change their behavior, when dietary 
changes are made correctly, it actually works.

For individual nutrients, omega-3 fatty acids may 
be recommended for some patients. Eicosapentae-
noic acid (EPA) and docosahexaenoic acid (DHA) 
appear to be the most brain healthy omega-3 fatty 
acids.19,20 DHA and EPA appear to referentially ben-
efit those with the APOE gene. These agents may 
also only work in those who start with low omega-3 
levels and their benefit depends on the omega-6 to 
omega-3 ratio consumed by the patient.

B vitamins are recommended for those with high 
homocysteine. For those with MCI and elevated 
homocysteine, a cocktail of B vitamins (0.8 mg 
folic acid, 0.5 mg B12, 20 mg of B6 per day) re-
duced the rate of atrophy 53 percent compared to 
placebo (P = 0.001).21 Those taking vitamins had 
improved memory scores, category fluency, and ep-
isodic memory. B vitamins have no effect on mild 
to moderate AD.22

Several studies suggest benefits of coffee on cog-
nition. The benefit appears dose-related, with three 
cups (375 ml) per day being optimal. It may only be 
beneficial in women and probably needs to be caf-
feinated. In terms of flavonoids, there is strong evi-
dence to support that regular intake of blueberries 
and strawberries delays cognitive decline for over two 
years. Regular intake of dark cocoa powder improves 
memory, blood pressure, and insulin resistance.

Physical exercise is the only lifestyle intervention 
that has been demonstrated to lower amyloid in the 
brain. Lifelong regular physical activity is important 
for many other reasons also.

Music can also play a role in slowing cognitive 

decline. Lifelong musical experiences can slow brain 
aging and memory loss, and intensive musical train-
ing, even late in life, may improve brain function.23

Stress reduction is also important in preserving 
cognition. People who have repeated distress and 
trouble dealing with that distress have worse cog-
nitive health outcomes and smaller brain volumes. 
Worry or rumination (unconstructive repetitive 
thoughts) causes decreased performance on cogni-
tive testing. Those with high levels of cortisol are 
more likely to develop cognitive impairment. Lastly, 
maintaining social interaction throughout one’s life-
time is supported by a wealth of research for main-
taining cognition.

Data from a combined AD prevention (> 200) 
and treatment (n > 400) clinical precision medi-
cine registry shows that participation in a multi-
modal program can actually improve cognition. 
The more compliant the person with MCI is with 
the program, the better stabilized the AD cognitive 
composite score.

Conclusion
There is more hope now for AD prevention than 
ever. While there is not yet a ‘magic bullet’ for AD 
prevention or treatment, clinical precision medicine 
approaches may yield the most benefit. Clinicians 
should begin intervening with their patients now 
with brain healthy strategies before cognitive im-
pairment begins.

Richard S. Isaacson, MD is the Director of the Alzheimer’s Prevention 

Clinic, Associate Professor of Neurology and Assistant Dean of Faculty 

Development at Weill Cornell Medicine and New York-Presbyterian 

Hospital in New York, NY.
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CYSTIC FIBROSIS (CF) IS A RARE, LIFE-SHORT-
ening, autosomal recessive disease caused by muta-
tions in the cystic fibrosis transmembrane conduc-
tance regulator (CFTR) gene. More than 2,000 
mutations in the CFTR gene have been reported; 
however, only 25 mutations are found in the ma-
jority of patients. The dysfunctional CFTR pro-
tein produced by the mutated CFTR gene results 
in thick sticky mucus that obstructs the airways and 
ducts of the pancreas and liver. CF affects approxi-
mately 75,000 people in North America, Europe, 
and Australia.

In the past, treatment of CF targeted secondary 
effects of CFTR dysfunction in the lungs and pan-
creas – mucosal clearance, pancreatic insufficien-
cy, infection, and inflammation – by using airway 

clearance techniques, nutritional support with pan-
creatic enzymes, inhaled antibiotics, and oral anti-
biotics. These treatments improved outcomes and 
improved medial survival, but did not by themselves 
slow progression of the disease (Exhibit 1). Given 
the specific CFTR targeting of the medications ap-
proved since 2012, survival improvements will only 
continue. There are now more adults living with CF 
than there are children. Median survival with CF is 
now 47 years.

The Cystic Fibrosis Foundation launched an ini-
tiative in 2000 to restore CFTR function in 100 
percent of CF patients. As part of this initiative, the 
foundation started an industry approach to drug dis-
covery that is unrivaled by a voluntary health orga-
nization. They have invested a significant amount of 

Summary
Importantly, there are more adult patients with cystic fibrosis (CF) now than chil-
dren. Therapies which correct the underlying pathophysiologic defect in cystic fi-
brosis are a tremendous advance in treatment. Over 90 percent of patients with 
cystic fibrosis can be treated with therapies that are already available or, in the case 
of triple combination therapy, will be available soon.

Key Points
• Virtually every organ in the body can be impacted, either primarily or secondarily  
 by CF.
• Medications are now available targeting the underlying defect of the disease in  
 the majority of patients.
• Ivacaftor reduces pulmonary exacerbations, FEV1 decline. Lung transplant rates,  
 and death from CF.
• Combination therapy with ivacaftor and tezacaftor or lumacaftor leads to 
 improvements in quality of life, respiratory function, and pulmonary exacerbation 
 rates.
• Triple therapy with two correctors and one potentiator will be the standard of  
 care for F508del homozygous or heterozygous in the near future.

Optimizing Outcomes with CFTR Modulator 
Therapy in the Management of Cystic Fibrosis: A 
Closer Look at the Role of Combination Therapy

Manu Jain MD, MSc
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money toward this goal. Now treatments that tar-
get the underlying issues with the CFTR protein 
are available and are being used to treat a significant 
portion of CF patients.

The CFTR protein is a chloride channel present 
in the epithelium of most lumens of the body, and 
it contributes to sodium and water balance. CF is 
a multiorgan system disorder that leads to signifi-
cant bronchiectasis, chronic pulmonary infections, 
and also causes chronic sinus disease, pancreatic in-
sufficiency, CF respiratory disease, CF-related liver 
disease, and infertility. It can affect any part of the 
body with epithelial cells.

CFTR mutations can be categorized into five dif-
ferent classes, which are grouped by the issues in the 
production of the CFTR protein. Class I are protein 
production mutations, Class II are protein process-
ing mutations, Class III are gating mutations, Class 
IV are conduction mutations, and Class V are insuf-
ficient protein mutations.1 Class IV and V mutations 
are residual function mutations, and the population 
with these mutations tends to have less-severe dis-
ease. F508del, a Class II mutation that results in de-
fective processing but also causes a gating issue, is 
the most common mutation in CF patients in the 
United States (U.S.). Because there are different 
problems with the CFTR protein, different thera-
pies are needed for each class to impact the disease.

Correctors and potentiators are two ways to in-

crease CFTR function. Correctors increase the cel-
lular processing and delivery of CFTR proteins to 
the cell surface, and potentiators increase the flow 
of ions through CFTR present on the cell surface. 
Ivacaftor (Kalydeco®) was the first disease-modify-
ing agent approved for CF and is a potentiator. It is 
indicated for the treatment of CF in patients aged 
six-months and older who have one mutation in the 
CFTR gene that is responsive to ivacaftor based on 
clinical and/or in vitro assay data. This includes the 
G551D mutation, other gating mutations, R117H, 
and residual function (Class IV and V) mutations, 
which is about 12 percent of the total CF population.

Ivacaftor increases FEV
1
 about 12 percent and de-

creases chloride content in sweat. An improvement 
of FEV

1
 is great; however, what is really important 

is that CF is a progressive disease, so slowing the 
decline in lung function is an important long-term 
outcome. Ivacaftor has been shown to decrease the 
rate of lung function decline in patients with ap-
propriate mutations by about 50 percent.2-6 Exhibit 
2 shows the effect of slowing FEV

1
 decline in those 

with G551D mutation treated with ivacaftor. It also 
reduces pulmonary exacerbation rates, even in those 
whose FEV

1
 does not improve. The pulmonary ex-

acerbation rate in FEV
1
 responders went from 0.76/

year before treatment to 0.37/year with treatment.7 
The FEV

1
 in nonresponders also declined from 0.70/

year to 0.38/year.7 Ivacaftor also reduces lung trans-

Exhibit 1: Impact of Therapies on CF Survival
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plant rates and death from CF. From U.S. registry 
data for the three years after initial FDA approval, 
ivacaftor-treated patients had significantly lower 
risks of death (0.6% vs 1.6%, p = 0.0110), trans-
plantation (0.2% vs 1.1%, p = 0.0017), hospitaliza-
tion (27.5% vs 43.1%, p < 0.0001) and pulmonary 
exacerbation (27.8% vs 43.3%, p < 0.0001) relative 
to those not treated with ivacaftor.8

Two correctors are now FDA approved: luma-
caftor and tezacaftor. These are given in combina-
tion products which also contain ivacaftor. Luma-
caftor/ivacaftor (Orkambi®) is FDA approved for 
treating patients aged two-years and older who are 
homozygous for the F508del mutation in the CFTR 
gene. Tezacaftor/ivacaftor (Symdeko®) is FDA ap-
proved for those aged 12 and older who are F508del 
homozygous, or who have at least one mutation in 
the CFTR gene that is responsive to tezacaftor/
ivacaftor based on in vitro data and/or clinical evi-
dence. If the patient’s genotype is unknown, an 
FDA-cleared CF mutation test should be used to 
detect the presence of the F508del mutation on both 
alleles of the CFTR gene. About 46 percent of CF 
patients in the United States (U.S.) are F508del ho-
mozygous. Eighty to 90 percent of CF patients have 
at least one copy of F508del.

Combination therapies each result in similarly 
small improvements in clinical outcomes in people 

with CF; specifically, improvements in quality of 
life, in respiratory function, and in lower pulmo-
nary exacerbation rates.9-15 Lumacaftor/Ivacaftor is 
associated with an increase in early transient short-
ness of breath and longer-term increases in blood 
pressure, which was not seen in the trial with 
tezacaftor/ivacaftor. Overall, tezacaftor/ivacaftor 
has a better safety profile and better improvement 
in FEV

1
 and quality of life, although data are not 

available for children younger than 12 years of age. 
Exhibit 3 compares the benefits and risk with these 
two combination products.

The next iteration of therapy is to have two cor-
rectors along with a potentiator to further enhance 
in vitro F508del CFTR function, which may ben-
efit those who are F508del heterozygous. For exam-
ple, lumacaftor/ivacaftor improved CFTR function 
to 30 percent of normal, but adding an additional 
corrector increases function to 50 percent of normal 
in homozygous F508del. Thirty percent of normal 
function is enough to improve the disease. In a het-
erozygote with only one F508del mutation, luma-
caftor/ivacaftor improved function to 15 percent of 
normal, and the addition of the second corrector 
gets function to the 30 percent benchmark.

Positive results were announced in March 2019 
from two ongoing, late-stage clinical trials of triple-
combination therapy with VX-445 (elexacaftor).16 

Exhibit 2: Effect of Attenuated FEV1 Decline
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The first study tested VX-445 combined with 
tezacaftor/ivacaftor in people with cystic fibrosis 
aged 12 years and older, who have one copy of the 
F508del mutation and have one minimal function 
mutation. After 28 days, those who received triple 
therapy had a 13.8 percent increase in lung func-
tion compared to participants taking a placebo. The 
second study included people with CF aged 12 years 
and older with two copies of the F508del mutation. 
This trial compared the effectiveness of VX-445 
combined with tezacaftor/ivacaftor to tezacaftor/
ivacaftor alone. Participants who were given the 
triple combination had a 10 percent improvement 
in lung function after 28 days over those who were 
given only tezacaftor/ivacaftor. According to a 
company press release, this triple combination will 
be submitted to the FDA for approval in late 2019.16 
If approved by the FDA, this triple combination 
would be the first CFTR modulator therapy that 
could benefit the majority of people with CF who 
have a single copy of the F508del mutation. Triple 
combination therapy would benefit about 35 percent 
of CF patients. Combining the benefits of ivacaftor 
monotherapy, dual combination, and triple combi-
nation, 93 percent of CF patients can be treated.

Additional benefits of CFTR modulators can in-
clude reductions in sinus disease, CF-related dia-
betes, liver disease, and secondary complications of 
renal toxicity, ototoxicity for antibiotic use, osteo-
porosis, depression, and anxiety. Data on these ben-
efits should be coming in the next few years.

Other avenues of CFTR modulation are under in-
vestigation. CFTR amplification improves the effi-
cacy of CFTR protein translation and as a result de-
creases mRNA decay. PTI-428 is a CFTR amplifier 
that is being studied in combination with ivacaftor/
lumacaftor. The benefits appear to be genotype in-

dependent, which may make this particular triple 
combination an option for all CF patients. Others 
agents under study by the same company, Proteo-
stasis Therapeutics, Inc., include PT-801 (correc-
tor) and PTI-808 (potentiator). AbbVie also has 
two correctors and a potentiator under development 
(GLPG2222, GLPG2737, and GLPG2451). Flatley 
Discovery Lab has a corrector (FL169) and potentia-
tor (FL176) in development.

For the 7 percent of CF patients who would not 
be able to be treated by monotherapy, dual com-
bination, or triple combination, there are some 
strategies in the early stages of development. One 
is laboratory testing to determine possible benefits 
which can expand existing CFTR modulator indi-
cations. There are CFTR mutation-specific and in-
dependent approaches beyond CFTR modulators. 
Mutation-specific therapies include gene-editing 
(CRISPR/Cas9) and modified tRNAs for non-
sense mutations such as RCT101. Mutation-inde-
pendent therapies include CFTR gene therapy with 
adeno-associated virus and nanoparticles, CFTR 
mRNA delivery, and stem cells.

The vast majority of patients with CF are iden-
tified at birth. CF newborn screening is mandated 
and available in all 50 states and the District of Co-
lumbia. Testing is state specific and is either immune 
reactive trypsinogen (IRT) or DNA. A sweat test 
at a CF center is done for confirmation (chloride 
level > 60mmol/L). The impact of starting CFTR 
modulator therapy at an early age on the natural his-
tory of the disease will be interesting to see. Unfor-
tunately, there are currently adults who were born 
before the era of newborn screening who have mild 
disease that is undiagnosed.

Treatment adherence can be difficult for those 
with CF. Daily multiple therapies, which are oral, 

Exhibit 3: Comparing the Combination Potentiator/Corrector Products for CF
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nebulized, and physical, are required. Treatment can 
consume one to two hours daily; therefore, non-
adherence is common, which increases health care 
costs and leads to worse outcomes. Exhibit 4 lists 
some of the factors leading to nonadherence in CF.17 

Conclusion
CFTR small-molecule modulators have dramati-
cally changed the treatment of CF. These agents 
are converting CF to a milder form of the disease, 
but are not cures. Long-term benefits such as a 
reduction in lung transplants and death from CF 
are already being shown. Additional correctors, 
potentiators, and amplifiers are on the horizon. 
Also on the horizon is the possibility of a cure 
through gene editing.

Manu Jain MD, MSc is the Director of Adult CF and Professor of Medi-

cine and Pediatrics at the Northwestern University Feinberg School of 

Medicine in Chicago, IL.
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IDIOPATHIC PULMONARY FIBROSIS (IPF) IS 
a specific form of chronic, progressive, fibrosing in-
terstitial pneumonia of unknown cause. It occurs 
primarily in older adults, is limited to the lungs, and 
is defined by the histopathologic and/or radiologic 
pattern of usual interstitial pneumonitis (UIP). It 
should be considered in all adult patients with unex-
plained chronic exertional dyspnea, cough, bibasilar 
inspiratory crackles, and/or digital clubbing that oc-
cur without constitutional or other symptoms that 
suggest a multisystem disease.

The diagnosis of IPF can be difficult, but an 
accurate diagnosis is very important. A multidis-
ciplinary diagnosis, which uses pulmonology, ra-
diology, pathology, and rheumatology specialists, 
improves diagnostic accuracy.1 IPF has to be dis-
tinguished from other diffuse parenchymal lung 
diseases and collagen vascular diseases that can re-
sult from rheumatologic disease during diagnosis. 
Chronic hypersensitivity pneumonitis is the disease 
most often confused as IPF. Diagnosis requires a 

high-resolution CT scan and may require a bron-
choalveolar lavage or lung biopsy.

The lungs are the largest interface with the en-
vironment and are bombarded with toxins over a 
lifetime, which constantly causes injury to cells and 
repair. Genetic factors determine an individual’s 
cellular repair capabilities. Over time, everyone los-
es some lung function. It has been calculated that 
there is a 120-year respiratory limit on longevity. 
Smokers lose it at three times the rate of nonsmok-
ers. A lung age is reported on pulmonary function 
test (PFT) reports.

Some of the etiologic causes of IPF may be senes-
cence in alveolar epithelial cells, gastroesophageal 
reflux disease (GERD), short telomere syndrome, 
abnormal intracellular protein accumulation leading 
to endoplasmic reticulum stress, and imbalance be-
tween repair and scarring cytokines. The disease is 
more aggressive in certain populations, which may 
be due to air pollution, cigarette smoke, and indus-
trial toxins. GERD therapy in those with IPF is asso-

Summary
Idiopathic pulmonary fibrosis (IPF) is a progressive fatal disease. At this time, there 
are two therapies which slow the progression of the disease. The only cure for IPF 
is lung transplantation. Numerous therapies are on the horizon to better target the 
underlying pathologic process.

Key Points
• Two agents can reduce the rate of progression in this disease, but they are not 
 a cure. 
• Gastroesophageal reflux disease has been under recognized and may play a role  
 in perpetuating the disease. 
• The scientific understanding of the disease has led to the development of many  
 exciting new agents that are in the early testing stages.

Recent Advances in Personalized Treatment 
Strategies in Idiopathic Pulmonary Fibrosis

Joseph D. Zibrak, MD
For a CME/CEU version of this article, please go to http://www.namcp.org/home/education, 

and then click the activity title.
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ciated with improved survival.2 Overall, it is thought 
that there is injury to the epithelial cells in the lungs, 
which leads to a cascade of growth factors and coag-
ulants, resulting in an invasion of myofibroblasts and 
ultimately fibrosis, instead of normal repair. Healthy 
tissue is replaced by altered extracellular matrix and 
alveolar architecture is destroyed, which leads to de-
creased lung compliance, disrupted gas exchange, 
and ultimately respiratory failure and death.3

Genes that are associated with IPF development 
have been identified (Exhibit 1). Genetic testing is 
currently recommended for those patients with a 
family history of disease onset before 18 years of age, 
or a personal or family history of cryptogenic cir-
rhosis, aplastic anemia, or premature graying, which 
can indicate short telomere syndrome.3 It is not yet 
known if early intervention based on genetic profil-
ing will result in improved outcomes.

The course of IPF varies among patients. Some 
will have rapid progression while others have a slow-
er disease course. Acute exacerbations can also cause 
step-like drops in lung function and are a risk factor 
for dying. A patient with an IPF exacerbation has 
a high two-month mortality rate. It is not known 
what causes exacerbations, but clinicians would like 
to be able to identify their patients who are at risk.

Exhibit 2 outlines disease management strate-
gies as IPF progresses.3 Comorbid diseases includ-
ing cardiovascular disease, sleep apnea, and GERD 

need to be managed. The goal with therapy in the 
early stages of the disease is to slow the loss of lung 
function. Two disease-modifying therapies (DMTs), 
pirfenidone (Esbriet®) and nintedanib (Ofev®), have 
been shown to significantly reduce lung function 
decline, reduce mortality, increase progression-free 
survival, and improve six-minute walk test results.4,5 
These two DMTs are anti-fibrotic agents. The 2015 
IPF treatment guidelines conditionally recom-
mend the use of these two agents and GERD treat-
ment.6 These guidelines also recommend against 
use of macetetain, bosentan, and sildenafil, which 
are approved for pulmonary hypertension, but are 
not effective in IPF. In the end stage of the disease, 
patients can develop pulmonary hypertension and 
then the specific agents for pulmonary hypertension 
may be effective.

Nintedanib, given twice a day, and pirfenidone, 
given three times a day, are well tolerated by pa-
tients. Diarrhea and nausea are common with nint-
edanib, and nausea and photosensitivity rash are 
most common with pirfenidone. Liver function test 
monitoring is required when either agent is used.

Clinicaltrials.gov lists nearly 200 ongoing studies 
in IPF. New molecules in development target not 
only the deposition of extracellular matrix, but also 
upstream pathways, including those mediated by the 
immune system, and many are biologics. Of inter-
est, there are two trials ongoing using pirfenidone 

Exhibit 1: Impact of Gene Mutations on IPF Development
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and nintedanib in combination. It appears that com-
bination therapy is safe and effective based on initial 
data. Longer-term studies are needed to determine 
if survival is affected. There are also trials combin-
ing pirfenidone or nintedanib with sildenafil.

Those with IPF have distinct microbial organisms 
in their lungs, which are not the same as healthy peo-
ple. Sulfamethoxazole and trimethoprim (Cotrimox-
azole/Bactrim®) and doxycycline are being studied 
to reduce hospitalizations and modify IPF by altering 
the lung microbiome. Clinicians should refer patients 
with suspected IPF to Pulmonary Fibrosis Centers 
of Clinical Care. These centers can enroll patients in 
well-designed clinical trials and provide early evalua-
tion for lung transplantation. In all patients with IPF, 
it is important to protect the lungs from further inju-
ry by treating GERD, being vigilant to avoid infec-
tion, keeping vaccines up-to-date, and avoiding poor 
air quality and other toxic exposures. Consideration 
should be given to home oxygen monitors in order 
to identify the correct time to initiate home oxygen. 
Patients should be enrolled in pulmonary rehab pro-
grams, which have been shown to be effective. Be-
cause this is a fatal disease, palliative care and end-of-
life discussion/planning will also need to take place.

Conclusion
Two agents can reduce the rate of progression in this 
disease; however, they are not a cure. Genes that put 

people at risk have been identified. GERD has been 
under recognized and may play a role in perpetuat-
ing the disease. The scientific understanding of the 
disease has led to the development of many exciting 
new agents that are in the early testing stages.

Joseph D. Zibrak, MD is the Director of the Interstitial Lung Disease 

Center at Beth Israel Deaconess Medical Center and Harvard Medical 

School in Boston, MA.
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Summary
The treatment of chronic lymphocytic leukemia (CLL) is rapidly evolving with novel 
agents and immunotherapy. Novel agents will likely completely replace chemother-
apy as a treatment for most patients, but there are many issues to still resolve.

Key Points
• First-line treatment should be individualized using molecular disease 
 characteristics, such as IGHV mutational status and TP53 disruption. 
• Novel agents such as ibrutinib are likely going to replace chemoimmunotherapy. 
• Resistance mechanisms for novel agents have been identified, and 
 next-generation inhibitors to overcome resistance are currently in development. 
• Immunotherapy, while still investigational in CLL, holds promise to obtain deep  
 minimal residual disease negative status and long-term durable remissions.

CHRONIC LYMPHOCYTIC LEUKEMIA (CLL) 
is a disease of neoplastic B cells. There are approxi-
mately 20,000 new cases of CLL diagnosed in the 
United States (U.S.) every year. Sixty percent of 
patients are diagnosed based on a complete blood 
count obtained for some other reason and are as-
ymptomatic and healthy. For the majority of these 
patients, no treatment is initially indicated, and they 
are just monitored. It is an average of five to seven 
years after diagnosis before treatment is required. 
Patients with more aggressive disease may need 
treatment within one to two years.

The International Workshop on Chronic Lym-
phocytic Leukemia (iwCLL) guidelines are the 
most commonly used treatment guidelines and 
were updated in 2018.1 The recommended initial 
evaluation of those with CLL is shown in Exhibit 
1.1 The guidelines now recommend that all patients 

should have mutational testing done before making 
treatment decisions. This includes tumor protein 
53 (TP53) and immunoglobulin heavy chain gene 
(IGHV) mutation testing and molecular cytogenet-
ics (FISH) for del (13q), del (11q), del (17p), and add 
12 in peripheral blood lymphocytes.

TP53 testing is important because the presence 
of TP53 mutation impacts progression-free sur-
vival (PFS), overall survival (OS), and treatment 
response.2,3 IGHV mutational status also has prog-
nostic significance.4-6 Those with mutated IGHV 
have a longer time until treatment is needed, re-
spond better to chemoimmunotherapy, typically 
have fewer high-risk molecular features, and usu-
ally do better overall.

Chemoimmunotherapy (CIT) has been the stan-
dard first-line therapy for CLL. Age and comorbidi-
ties can help clinicians decide which patients may 

Improving Clinical and Economic Outcomes 
with Emerging Therapies in the Management of 

Chronic Lymphocytic Leukemia (CLL)
John N. Allan, MD
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benefit from a CIT approach.  The combination 
of fludarabine, cyclophosphamide, and rituximab 
(FCR) is the current standard treatment option for 
younger patients with CLL and gives the best po-
tential for long-term remission. The toxicities of 
FCR are significant, especially the risk of a future 
myelodysplastic syndrome (MDS), which occurs in 
5 to 10 percent of patients. For older patients and 
for patients with renal dysfunction, the combina-
tion of bendamustine and rituximab (BR) may be a 
better option. For older patients with comorbidities 
who may not be able to tolerate intensive CIT, the 
combination treatment of chlorambucil and obinu-
tuzumab or ofatumumab is another option.

The first novel agent approved for treating CLL 
was ibrutinib (Imbruvica®), a Bruton’s tyrosine ki-
nase (BTK) inhibitor. While BTK plays a primary 

role in signaling healthy B cells to mature, release 
antibodies and proliferate, B-cell cancers (which 
include CLL and most non-Hodgkin’s lymphomas) 
also depend on BTK in the same way to survive. 
Ibrutinib is FDA approved for both first-line and 
relapsed/refractory CLL treatment. For patients 
with TP53 mutated, 17p deletion, or 11q deletion, 
ibrutinib or a clinical trial of novel therapy is the 
treatment of choice.7,8 Ibrutinib causes diarrhea, 
fatigue, cough, anemia, nausea, peripheral edema, 
arthralgia, and pyrexia in 20 percent or more of 
patients. The Grade 3 and 4 toxicities for ibrutinib 
are much less than what is seen with FCR. Ibruti-
nib is being used more commonly in the first-line 
setting (Exhibit 2).8

In the RESONATE-2 trial, ibrutinib resulted in 
significantly longer PFS, with an 86 percent reduc-

Exhibit 1: Baseline Evaluation of Patients with CLL1

Diagnostic Test General Practice Clinical Trial

Tests to establish the diagnosis

  CBC and differential count Always Always

  Immunophenotyping of peripheral blood lymphocytes Always Always

Assessment before treatment

  History and physical performance status Always Always

  CBC and differential count Always Always

  Marrow aspirate and biopsy When clinically indicated 
(unclear Cytopenia) Desirable

  Serum chemistry, serum immunoglobulin and direct
     antiglobulin test

Always Always

  Chest radiograph Always Always

  Infectious disease status Always Always

Additional tests before treatment

   Molecular cytogenics (FISH) for del(13q), del(11q),
     del(17p), add(12) in peripheral blood lymphocytes Always Always

  Conventional karyotyping in peripheral blood
     lymphocytes (with specific stimulation)* NGI* Desirable

  TP53 mutation Always Always

  IGHV mutational status Always Always

  Serum ß2-microglobulin Desirable Always

  CT scan of chest, abdomen and pelvis NGI Desirable

  MRI, PET scans NGI NGI

  Abdomen ultrasound^ Possible NGI

General practice is defined as the use of accepted tratment options for a CLL patient not enrolled in a clinical trial.
*Conventional karyotyping in peripheral blood lymphocytes (with specific stimulation) may be useful before therapy, 
if established methodology is available.
^Used in some countries to monitor lymphadenopathy and organomegaly.
CBC = complete blood count 
MRI = magnetic resonance imaging 
NGI = not generally indicated 
PET = position emission tomography
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tion on risk of progressive disease (PD) or death 
compared to chlorambucil.9 Patients in this trial 
were treatment naïve, with active disease, age ≥ 65, 
and did not have del (17p). Those 65 to 69 years 
of age also had a comorbidity that precluded use of 
FCR. Ibrutinib led to an 84 percent and 91 percent 
reduction in risk of PD or death in patients with 
mutated and unmutated IGHV, respectively com-
pared to chlorambucil. OS rates at four years were 
86 percent with ibrutinib and 76 percent with chlo-
rambucil. Modeling to compare trials has shown the 
benefits of ibrutinib over CIT on PFS as first-line 
therapy.10 Studies directly comparing ibrutinib to 
FCR and BR are currently being conducted, which 
will better define whether ibrutinib should be given 
preference over CIT for more patients.

Venetoclax, an oral B-cell lymphoma-2 (BCL-
2) inhibitor, is another novel agent FDA approved 
in May 2019 for front-line treatment of adults with 
CLL in combination with obinutuzumab. It was 
previously approved for relapsed/refractory disease. 
Approval for first-line therapy was based on data 
from the Phase III CLL14 trial, showing that 87 per-
cent of those treated were not experiencing disease 
worsening with 28 months of follow-up. In the most 
recent National Comprehensive Care Network 
(NCCN) guidelines, venetoclax in combination 
with obinutuzumab is an alternative to ibrutinib in 
those who are frail with significant comorbidities, 
over 65 years, or younger than 65 years with signifi-
cant comorbidities.11

After initial treatment, patients can develop re-
lapsed or refractory disease. Relapsed CLL is the 
term for disease that responded to therapy but, af-

ter six or more months, stopped responding. Re-
fractory disease is the term for CLL that does not 
result in a remission (but may be stable) or disease 
that gets worse within six months of the last treat-
ment. The different treatment options for relapsed/
refractory disease include ibrutinib, alemtuzumab 
(Campath®), idelalisib (Zydelig®), ofatumumab 
(Arzerra®), rituximab, venetoclax, and duvelisib 
(Copiktra®). People who have relapsed/refractory 
CLL often have several good quality years of re-
mission after more treatment.

Ibrutinib and venetoclax/rituximab are both Cat-
egory 1 recommendations for relapsed/refractory 
CLL in the NCCN guidelines.11 When ibrutinib is 
used in the relapsed/refractory setting, 17p deletion 
and complex karyotype are the high-risk features 
that predict poor reponse.12 In the first RESONATE 
trial, ibrutinib led to an 87 percent reduction in risk 
of progression or death compared to ofatumumab.13 
The three-year PFS rate in this trial was 59 percent 
with ibrutinib compared with 3 percent with ofa-
tumumab. There were no significant differences in 
median PFS by IGHV mutation status. There was 
a trend for more favorable PFS in patients without 
TP53 mutations versus those with TP53 mutations 
(median NR vs 40.7 months). Additionally, the 
response was better when patients had fewer prior 
therapies. This agent should be used earlier rather 
than later to derive the most benefit. Overall, ibru-
tinib is an oral maintenance therapy that deepens 
remission the longer it is taken, and the adverse ef-
fects also seem to improve over time.

A second-generation BTK inhibitor, acalabru-
tinib (Calquence®) will likely be approved for re-

Exhibit 2: Treatment Options for Naïve Patient Less Than 65 and/or Fit for Chemotherapy8

del = deletion

FCR = fludarabine/cyclophosphamide/rituximab

CIT = chemoimmunotherapy

Treatment Naïve ≤ 65 years and/or Chemo-Fit

Treatment Indicated

Yes No

TP53 mutated, del17p or del11q Observation

Yes No

Ibrutinib or clinical trial
incorporating novel
agents

IGHV Mutational Status

Mutated

FCR versus
ibrutinib

Unmutated

Ibrutinib versus CIT
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lapsed/refractory CLL treatment. It has already 
been approved for relapsed/refractory mantle cell 
lymphoma. It has been evaluated as monotherapy 
in relapsed/refractory CLL with one or more prior 
treatments and has similar toxicities to ibrutinib; 
where it appears to differ is lower rates of bleed-
ing and atrial fibrillation. Overall, acalabrutinib is a 
more specific inhibitor of BTK than ibrutinib, but 
the data from a Phase III trial comparing the two is 
still awaited.

In relapsed/refractory CLL, venetoclax in combi-
nation with rituximab improved PFS and OS over 
BR.14 In addition to first-line treatment, it is FDA ap-
proved for the relapsed/refractory setting and is a Cat-
egory 1 recommendation in the NCCN guidelines.

PI3K inhibition is another option but is currently 
third-line in the relapsed/refractory setting because 
of significant adverse effects (pneumonitis, colitis, 
CMV infection, PCP pneumonia). Idelalisib plus 
rituximab improved PFS and OS over placebo plus 
rituximab.15 Duvelisib, another PI3K inhibitor, was 
FDA approved in 2018 for relapsed/refractory CLL 
treatment. In a comparison to ofatumumab, duvelis-
ib improved PFS but did not improve OS.16 There 
was a higher rate of overall response and lymph 
node response with duvelisib. Duvelisib caused 
higher rates of hematologic adverse effects and diar-
rhea than ofatumumab.

Overall, ibrutinib is approved for first-line and 
relapsed setting. It is very effective, safe, and pro-
duces durable remission with the longest median 
follow-up in both first-line and relapsed settings. 
Although there are high response rates, there are 
low complete response (CR) rates and rarely mini-
mal residual disease (MRD) negativity. MRD is 
detected by polymerase chain reaction (PCR) or 
flow cytometry, which are highly sensitive labora-
tory testing techniques that can detect one leuke-
mic cell in as many as 10,000 leukocytes. While 
the patient may not be free of disease, MRD nega-
tivity is achieved when no CLL cells are detected 
using these methods [this has also been referred 
to as a molecular remission]. Atrial fibrillation, 
bleeding, arthralgias, rash, and diarrhea are the 
most common adverse effects of ibrutinib. Acala-
brutinib may cause less of these issues, but it is not 
yet FDA approved for CLL.

Venetoclax is approved with ofatumumab for 
first-line setting and is approved with or without 
rituximab for relapsed/refractory disease. It ap-
pears similar in efficacy to ibrutinib in cross-study 
comparisons, but there are no head-to-head tri-
als. It produces high overall response rates and can 
achieve MRD negativity. Stopping therapy at two 
years was built into the relapsed/refractory study 

design and that is how the FDA indication is writ-
ten. Venetoclax appears safe and effective with no 
atrial fibrillation issues; however, it can cause he-
matologic toxicities and tumor lysis syndrome.

Based on cross-study comparisons, idelalisib with 
or with rituximab and duvelisib do not appear to be 
as effective in terms of PFS as the BTK inhibitors. 
Safety is a major concern with this class. There is 
potential for investigational agents such as umbral-
isib to mitigate some of these issues, but this class is 
currently typically restricted to third-line option for 
relapsed/refractory CLL.

A patient’s disease can progress while on novel 
therapy. CLL progression on ibrutinib is associated 
with acquired mutations in BTK. Venetoclax can 
be used at progression on ibrutinib.17 In the future, 
combination therapy may be used to overcome the 
resistance mutations. The current BTK inhibitors 
are irreversible inhibitors. Reversible BTK inhibi-
tors may be able to overcome BTK mutations, and 
several are under study.

Venetoclax resistance is, in part, due to upreg-
ulation of other BCL2 family members, such as 
MCL-1. AZD-5991, a MCL-1 inhibitor, is cur-
rently in Phase I human clinical trials. Mechanisms 
of resistance to idelalisib are not well described in 
CLL. Hypothesis and limited evidence support up-
regulation of other PI3K family members.

Beyond switching novel agents at progression, 
other options include chimeric antigen receptor 
(CAR)-T cell clinical trial enrollment and stem cell 
transplant. There are ongoing studies with CAR-
T targeting the cancerous CLL cells. The role of 
transplant remains unclear, though trials have dem-
onstrated cure for some high-risk patients. Ques-
tions remain about when best to perform a trans-
plant – after one novel agent, two novel agents, or 
in remission after one novel agent. Transplant is still 
relegated very late in consideration, and its use is 
relatively limited in the era of novel agents.

Conclusion
First-line treatment should be individualized using 
molecular disease characteristics, such as IGHV mu-
tational status and TP53 disruption. Novel agents 
such as ibrutinib may demonstrate equivalent, if 
not superior, outcomes such as PFS compared to 
CIT. Confirmatory head-to-head studies are cur-
rently fully accrued and pending data maturation. 
Resistance mechanisms to novel agents have been 
identified and next-generation inhibitors are cur-
rently in development. While still investigational 
in CLL, immunotherapy with CAR-T cells holds 
promise to obtain deep MRD negative status and 
long-term durable remissions.
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EPILEPSY IS A GROUP OF DISORDERS WITH 
diverse etiologies and outcomes defined as an en-
during predisposition to unprovoked seizures. One 
to 3 percent of the population in the United States 
(U.S.) has active epilepsy. It is the fourth most com-
mon neurological disease (after migraine, stroke and 
Alzheimer’s disease). Epilepsy can begin any time in 
life, but occurs more often in young peope (under 
the age of 20) and older people (over the age of 65).

Seizures need to be differentiated from epilepsy. A 
seizure is paroxysmal change in behavior due to ab-
normal electrical activity in the brain and is a symp-
tom. Seizures have many causes, only one of which 
is epilepsy. Ten percent of all people will have at 
least one seizure in their lifetime. Epilepsy is defined 
as two or more unprovoked seizures (or one seizure 
with substantial risk of recurrence).

In making the diagnosis of epilepsy, clinicians 
need to consider the patient’s history of seizure. The 
patient will usually be normal at the time they are 

seen, and the seizure history will likely be incom-
plete or even absent. The evaluation primarily is 
looking for causes of seizures using brain imaging 
(MRI, CT scan, PET scan), lumbar puncture, com-
plete blood count, chemistries, and cardiac testing. 
An electroencephalogram (EEG) is done to identify 
evidence of epileptic waveforms. 

The International League Against Epilepsy (ILAE) 
classification of seizures types is shown in Exhibit 1.1 
They can be divided into broad general categories 
based on where the seizure starts – focal, general-
ized or unknown. Seizures can also be divided by 
whether they are motor or non-motor. Patients with 
focal seizures can be aware or unaware that a seizure 
is occurring. Generalized seizures involve both sides 
of the brain, whereas focal seizures originate in one 
hemisphere of the brain. Focal seizures with tempo-
ral lobe origin are the most common refractory focal 
epilepsy and most suitable for surgical treatment.

Seizures can be caused by anoxia during birth, 

Summary
Treatment of epilepsy requires selecting a medication which controls the patient’s 
seizures without major adverse effects. Adherence is important for achieving sei-
zure control and selecting effective and tolerable agents is important for helping 
patients be adherent. Clinicians should depend on a first tier of agents that have 
wide activity, minimal adverse effects, and few drug interactions. 

Key Points
• Patients can and should be free of debilitating seizures without adverse effects.
• Seizures can be focal or generalized, and most are controlled with medication. 
• The best antiepileptic drug depends on many individual factors. 
• Those with refractory disease require specialty evaluation, including video-EEG 
 to verify diagnosis and evaluate for alternative therapy.

Improving Treatment Outcomes in the 
Management of Epilepsy

Carl W. Bazil, MD, PhD
For a CME/CEU version of this article, please go to http://www.namcp.org/home/education, 

and then click the activity title.
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congenital lesions, infection, neoplasm, stroke, and 
trauma or can be genetic in origin. Approximately 
20 to 30 percent of epilepsy cases are caused by ac-
quired conditions, such as stroke, tumor or head in-
jury, but the remaining 70 to 80 percent of cases are 
believed to be due to one or more genetic factors.2

The goals of treatment of epilepsy are seizure free-
dom without adverse effects and with reduction in 
sudden death. The patient’s quality of life is optimal 
with zero seizures. The rate of sudden death is 1 
percent per year in those with refractory epilepsy. 
Numerous antiepileptic medications are available for 
controlling seizures, all of which have some disad-
vantages. Because patients will be taking these for 
years to decades, careful consideration to the im-
pact of adverse effects and adherence has to be given 
when selecting an agent. Although there are over 
30 antiepileptic agents available for use in the U.S., 
Exhibit 2 shows the most commonly used agents for 
particular types of seizures.

Many head-to-head medication trials in partial 
epilepsy have failed to show differences in focal 
seizure control. Efficacy results from pivotal trials 
for FDA approval (in refractory patients) are similar 
among the more commonly used agents. However, 
differences in tolerability are often seen. Carbam-
azepine, gabapentin, and lamotrigine are the three 
most commonly used agents which have similar ef-
ficacy but carbamazepine tends to cause more ad-
verse effects.3

Many epilepsy patients have other conditions 
requiring drug therapy (including oral contracep-
tives), so an agent with few to no drug-drug in-
teractions is important. Drugs with no appreciable 

interactions include gabapentin, lacosamide, leveti-
racetam, and pregabalin. Drugs with very few in-
teractions include clobazam, lamotrigine, valproate, 
and zonisamide.

Many women require drug therapy during child-
bearing years. The best drug during pregnancy is 
the one that optimally controls seizures because 
of the increased risk of maternal and fetal death. 
Monotherapy at the lowest dose that gives complete 
control is preferable. Valproate and topiramate are 
known teratogens which should be avoided if pos-
sible. 4,5 Additionally, children born of mothers tak-
ing valproate have lower IQ.4,5

Other considerations in selecting an antiepilep-
tic to enhance adherence include: dosing interval, 
concomitant conditions, and cognitive effects. Long 
half-life agents that only have to be dosed once or 
twice a day are preferred for long-term adherence. 
Concomitant conditions can also impact choice. 
Gabapentin and pregabalin are good choices in a 
patient who also has neuropathic pain and valpro-
ate and topiramate can also prevent migraine. Topi-
ramate and levetiracetam can worsen anxiety and 
benzodiazepines worsen sleep apnea.

Cognitive dysfunction is a common complaint in 
those with epilepsy and has several possible causes. 
These include unrecognized mood disorders, unrec-
ognized sleep disorder, antiepileptic effects (topira-
mate, zonisamide), uncontrolled seizures (including 
unrecognized), and attention deficit disorder.6 De-
termining the cause of cognitive dysfunction may 
require formal neuropsychological testing.

Several of the antiepileptics are available generi-
cally. Controlled generic substitution studies in epi-

Exhibit 1: ILAE 2017 Classification of Seizure Types Basic Version1

Focal Onset

Focal to bilateral tonic-clonic
Unclassified*

Motor Onset
Non-Motor Onset

Generalized Onset Unknown Onset

Aware Impaired
Awareness

Motor
 Tonic-clonic
 Other motor

Non-Motor (Absence)

Motor
 Tonic-clonic
 Other motor

Non-Motor

* Due to inadequate information or inability to place in other categories
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lepsy show little risk.7-9 Position statements from the 
American Epilepsy Society and the American Asso-
ciation of Neurology support the use of bioequiva-
lent generics for epilepsy in most patients.

Clinicians can start with a short list of well-tol-
erated, appropriate antiepileptics (usually generic), 
such as carbamazepine, levetiracetam, and lamotrig-
ine. Second-line agents are valproate, zonisamide, 
eslicarbazepine, lacosamide, and gabapentin. Phe-
nytoin, perampanel, brivaracetam, clobazam, felb-
amate, and topiramate are third-line options.

In epilepsy, medication adherence is vital. Patients 
consistently need enough medication to control sei-
zures, but not too much to cause toxicity. Missing 
doses can result in a seizure. Delays in refills can 
result in seizure (and many are now controlled sub-
stances and/or require prior authorization). Non-
adherence leading to uncontrolled seizures may be 
mistaken for refractory disease.

Refractory epilepsy is defined as persistent de-
bilitating seizures despite two appropriately admin-
istered antiepileptics. Approximately one-third of 
epilepsy cases are refractory (~ 1 million patients 
in the U.S.).10,11 Uncontrolled seizures may oc-
cur because of a wrong epilepsy classification with 
wrong therapy, incorrect diagnosis (not epilepsy), 
or refractory epilepsy. Identifying the cause of un-
controlled seizures will usually require verification 
with video-EEG monitoring.

If a patient has refractory epilepsy, a different an-
tiepileptic can be tried, but additional antiepileptic 
trials have a low chance for success. Studies have 
shown that only about 10 percent of people will be 
seizure free with further drug trials beyond two 
antiepileptics. Alternative therapies include diets 
(ketogenic, modified Atkins), surgery, devices, 
and marijuana.

About one-third of patients referred for evalua-
tion of refractory epilepsy cases actually have psy-

chogenic nonepileptic seizures. These seizures do 
not respond to antiepileptics, but they do respond 
to psychotherapy; treatment requires a cooperative 
neurology and psychiatry approach. Difficulty in 
managing these patients occurs because about 25 
percent also have true epileptic seizures.12,13

Epilepsy surgery can be curative for temporal lobe 
and extratemporal seizures. Cognitive difficulties 
are the main adverse effect of surgery. Debilitat-
ing seizures despite optimal medical treatment; an 
identifiable, single seizure focus; and a safely resect-
able focus are all requirements for surgery. Despite 
the proven efficacy of surgery, many appropriate 
patients are not offered this option.

The size of the brain resections has an impact on 
outcomes. Stereotactic laser ablation is a less inva-
sive surgery with faster recovery than larger resec-
tions. Patients are sometimes discharged the same 
day. Efficacy in well-chosen cases appears compa-
rable to larger resection and may cause fewer cog-
nitive deficits.14

For temporal lobe epilepsy, 58 percent of adults 
who had surgery were seizure free versus 8 percent 
in those who were medically managed. In children 
who underwent any surgery for epilepsy, 77 percent 
were seizure free compared with 7 percent.15,16 In 
another trial, surgery for temporal lobe epilepsy and 
extratemporal disease resulted in 80 percent and 40 
percent seizure remission rates.17

Devices that treat seizures are an alternative for 
refractory seizures when surgery is not possible. A 
vagus nerve stimulator is the only device approved 
by the FDA, with efficacy comparable to antiepilep-
tics (<10% seizure free). Responsive neurostimula-
tion, which uses an electrical stimulation to abort 
a seizure once onset is detected, requires a known 
seizure onset zone and reliable seizure detection al-
gorithms. With the responsive neurostimulator, sei-
zure control improves with time because the device 

Exhibit 2: Commonly Used Drugs for Epilepsy

Broad spectrum (all seizures)

• valproic acid (Depakote®)

• lamotrigine (Lamictal®)

• topiramate (Topamax®)

• zonisamide (Zonegran®)

• levetiracetam (Keppra®)

• clobazam (Onfi®)

Focal and Generalized
Tonic-Clonic Seizures

• phenytoin (Dilantin®)

• carbamazepine (Tegretol®, Carbatrol®)

• oxcarbazepine (Trileptal®)

• eslicarbazepine (Aptiom®)

• gabapentin (Neurontin®)

• pregabalin (Lyrica®)

• lacosamide (Vimpat®)
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adapts to the patient’s seizure pattern; 15 percent of 
patients are seizure free for at least one year.18,19

Medical marijuana for epilepsy has been a hot 
topic recently. The active compound in epilepsy 
is likely cannabidiol (CBD). In a double-blind, 
placebo-controlled trial in 120 children with 
Dravet syndrome, CBD oil did reduce seizure 
frequency compared to placebo but is no better 
than current antiepileptics.20 Importantly, the 
rate of adverse effects was much higher with CBD 
oil compared to placebo (75% vs 38%). A propri-
etary oral solution of highly purif ied plant-de-
rived CBD oil (Epidiolex®) was approved by the 
FDA in 2018 for early-onset, treatment-resistant 
epilepsy syndromes, including Dravet syndrome 
and Lennox-Gastaut syndrome (LGS).

Epilepsy is a difficult to manage condition. Most 
patients are completely normal 99.99 percent of 
the time, but the possibility of seizure remains 
for years or decades. There is no easy way to pre-
dict a seizure; therefore, medications are used to 
minimize the risk of a seizure. Most patients need 
consistent drug treatment in a relatively narrow 
therapeutic window to remain seizure free. Be-
ing seizure free is important because a single sei-
zure can result in loss of mobility (driving), injury, 
hospitalization, or even death. Coincident depres-
sion and anxiety can be crippling.

Conclusion
Epilepsy is a common, diverse disorder charac-
terized by recurrent unprovoked seizures. Sei-
zures can be focal or generalized and most are 
controlled with medication. The best antiepilep-
tic drug depends on many individual factors. For 
refractory patients, specialty evaluation includ-
ing video-EEG should be strongly considered 
to verify diagnosis and evaluate for alternatives 
(surgery or devices). Patients can and should be 
free of all debilitating seizures with no medica-
tion adverse effects. 

Carl W. Bazil, MD, PhD is a Professor of Neurology and Division Chief 

of Epilepsy and Sleep at Columbia University in New York, NY.
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HEPATOCELLULAR CARCINOMA (HCC) ARIS-
es from transformed hepatocytes, and 90 percent of 
cases in the United States (U.S.) are associated 
with cirrhosis. HCC is generally asymptomatic 
until advanced and is incurable. Unlike other solid 
tumors, HCC is two disease states – cancer and 
underlying liver disease which affects treatment. 
The severity of the underlying liver disease will 
impact whether resection can be done and which 
treatments are chosen.

For those with decompensated cirrhosis who 
have poor performance status, cardiovascular dis-
ease, or who are over the age of 70, best support-
ive care is recommended. For those with decom-
pensated cirrhosis but who have small tumors and 
are in better physical shape, they may be listed for 
a liver transplant and be cured with a successful 
transplant. For those with compensated cirrhosis, 
Stage 0 disease can be cured with resection or a 
liver transplant; however, recurrence of the disease 
is frequent after resection. All other stages of HCC 
are considered unresectable.

Treatments for advanced, unresectable HCC are 
local regional therapies (LRTs) and palliative sys-
temic therapies. LRTs for advanced disease include 
Y90 radiotherapy, stereotactic body radiation ther-
apy, and proton therapy. Systemic therapies include 
tyrosine kinase inhibitors (TKI) and immunother-
apy; these are usually used after a patient has had 
LRT and has progressed.

Importantly, all of the systemic therapies in HCC 
are palliative and not curative. Sorafenib (Nexavar®) 
has been standard first-line treatment for unresect-
able HCC since FDA approval in 2007. This agent 
inhibits multiple intracellular (c-CRAF, BRAF, 
and mutant BRAF) and cell surface kinases (KIT, 
FLT3, RET, RET/PTC, VEGFR1, VEGFR2, 
VEGFR3, and PDGFR–ß). Several of these kinases 
are thought to be involved in tumor cell signaling, 
angiogenesis, and apoptosis. Sorafenib modestly 
improves median overall survival (OS) compared 
to placebo (10.7 months vs. 7.9 months).1 Recent 
therapy approvals in HCC include lenvatinib (Len-
vima®) for first-line treatment of unresectable HCC 
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Summary
The treatment landscape for advanced hepatocellular carcinoma (HCC) has expand-
ed dramatically, having gone from one FDA-approved agent to seven in the past 
two years. All of these treatments are only palliative and do not cure the disease.

Key Points
• Advanced disease is treated with local/regional therapies and systemic agents  
 (tyrosine kinase inhibitors and immunotherapy).
• There are two first-line tyrosine kinase inhibitors and five second-line agents. 
• Immunotherapy is currently approved as second-line treatment in advanced 
 disease, but it will likely become first-line therapy.
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and several agents for second-line therapy.
Lenvatinib is a kinase inhibitor of VEGFR1, 

VEGFR2 and VEGFR3. In the approval trial com-
paring it to sorafenib, it did not demonstrate a statis-
tically significant improvement in OS over sorafenib 
(13.6 vs 12.3 months).2 Median progression-free 
survival (PFS) was longer in the lenvatinib group 
(7.3 vs 3.6 months), and there was a higher overall 
response rate (ORR, 41% vs 12%).

Second-line treatment after sorafenib includes 
cabozantinib (Cabometyx®), regorafenib and 
nivolumab, pembrolizumab and ramucirumab. 
Regorafenib (Stivarga®) is a multi-kinase in-
hibitor approved for second-line treatment after 
sorafenib. It improves median OS compared to 
placebo (10.6 vs 7.8 months) and inhibits the activ-
ity of RET, VEGFR1, VEGFR2, VEGFR3, KIT, 
PDGFR-alpha, PDGFR-beta, FGFR1, FGFR2, 
TIE2, DDR2, TrkA, Eph2A, RAF-1, BRAF, 
BRAFV600E, SAPK2, PTK5, Abl, and CSF1R.3

Nivolumab (Opdivo®) and pembrolizumab (Key-
truda®), checkpoint inhibitor immunotherapies, are 
FDA approved for advanced HCC after treatment 
with sorafenib. Each approval was based on a single 
open-label trial. The objective response rate was 15 
and 20 percent in the nivolumab trial.4 In the pem-
brolizumab trial, an objective response was seen in 
17 percent of 104 patients. The best overall respons-
es were one (1%) complete and 17 (16%) partial re-
sponses; 44 percent of patients had stable disease.5 
Randomized Phase III trials of nivolumab, pem-
brolizumab, atezolizumab, durvalumab and tisleli-
zumab compared to and in combination with vari-
ous tyrosine kinase inhibitors are ongoing. A study 
comparing nivolumab to sorafenib in the first-line 
setting is expected to be completed by mid-2020.

Numerous strategies of combining immunothera-
pies with other types of therapy for different types of 
cancer are being investigated (Exhibit 1).6 Challenges 
to the immunotherapy era include patient selection, 

Exhibit 1: Evolving Strategies of Combined Immunotherapies in HCC6
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predictors of response, development of resistance, and 
autoimmune adverse effects. The major predictive 
biomarkers involved in the immune response to pro-
grammed death checkpoint inhibitors such as pembro-
lizumab and nivolumab are shown in Exhibit 2.7 These 
are being investigated to identify which are the best to 
use for patient selection and predicting response.

The autoimmune adverse effects of immuno-
therapy can limit its use. T-cell activation by im-
munotherapy can lead to “auto-immunity.” General 
adverse effects of immunotherapy include fatigue, 
rash, pruritus, anorexia, diarrhea, dyspnea, nausea, 
and musculoskeletal aches, but immune-related ad-
verse events (IrAEs) are more serious and include 
colitis (1 to 3%), hepatitis (1 to 2%), dermatitis 
(rash10 to 15%), nephritis (1 to 2%), pneumonitis (3 
to 4%), hypothyroidism (5 to 10%), hyperthyroid-
ism (1 to 3%), and hypophysitis (1%).

Ramucirumab (Cyramza®) is also now avail-
able for alpha-fetoprotein (AFP)-high HCC. More 
than 40 percent of patients with advanced HCC are 
AFP-high (≥400 ng/mL).8 AFP-high may be in-
dicative of aggressive disease with increased angio-
genesis, tumor activity, and tumor burden.9-11 AFP-
high patients have twice the risk or greater risk of 

death than patients with AFP levels <400 ng/mL. 
Ramucirumab is a direct VEGFR2 antagonist that 
binds to the extracellular domain of VEGFR2 and 
blocks the binding of VEGFR ligands (VEGF-A, 
VEGF-C and VEGF-D). These ligands are se-
creted by solid tumors to promote angiogenesis. 
Ramucirumab reduced the risk of death by 29 per-
cent compared to placebo.12 The median OS at 12 
months was 36.8 percent compared with 30.3 per-
cent in the placebo group and 24.5 percent versus 
11.3 percent at 18 months.

Exhibit 3 shows the current options for systemic 
therapy of advanced HCC.13 There are questions 
about which order to use the various second-line 
agents and whether the second-line response to 
these agents is applicable after lenvatinib, since they 
were all studied in patients previously treated with 
sorafenib. Once results from ongoing studies are 
published, immunotherapy is likely to move into 
first-line therapy setting.

A challenge in managing HCC is the high inci-
dence of tumor recurrence following curative treat-
ment (surgery or ablative therapy). There is an op-
portunity to design preoperative (neoadjuvant) or 
postoperative (adjuvant) treatment strategies and 

Exhibit 2: Major Predictive Biomarkers Involved in the Immune Response7
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explore biomarkers to detect early recurrence. Neo-
adjuvant nivolumab, with or without ipilimumab, is 
being studied in HCC and appears promising. Neo-
adjuvant radiotherapy provides a survival benefit 
compared to adjuvant radiotherapy for HCC. It is 
hoped that options for reducing recurrence will be 
available in the next few years.

Conclusion
Advances in understanding molecular/immunologi-
cal subclasses of HCC is a key to advancing systemic 
therapy in HCC. Presurgical and adjuvant systemic 
therapy in HCC may decrease recurrence rates and 
improve survival. Studying the effect of combining 
targeted and immunotherapy agents and local treat-
ments is a key to improving future HCC outcomes. 
Inter-institutional collaboration is urgently needed 
to chart systemic therapy in HCC and ultimately 
design personalized treatment.

Ahmed O. Kaseb, MD is an Associate Professor and Director of the 

HCC Program in the Department of GI Medical Oncology at the MD 

Anderson Cancer Center in Houston, TX.
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Exhibit 3: The Ever-Changing Landscape of Systemic Therapy in Advanced HCC13
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RHEUMATOID ARTHRITIS (RA) IS A SYS-
temic autoimmune inflammatory disease which 
untreated can lead to significant joint damage and 
disability. Key features of RA are inflammatory sy-
novitis, morning stiffness greater than one hour, fa-
tigue, and symmetrical and polyarticular (> 3) joint 
disease. RA typically involves the wrists and the 
metacarpophalangeal and proximal interphalangeal 
joints and spares the thoracolumbar spine, the distal 
interphalangeal joints of the fingers, and the inter-
phalangeal joints of the toes.

Five to 20 percent of patients have type 1 RA, 
which is a short episode of the disease that does 
not recur, another 5 to 20 percent have type 2 
minimally progressive disease, and the majority of 
patients have type 3 progressive disease.1 The typi-
cal course of RA in the “pre-biologic” era was 50 
percent of patients with joint space narrowing or 
erosions in the first two years of the disease. By 10 
years, 50 percent of young working patients were 
disabled. Compared to the general population, 
those with RA had a higher risk of death. Women 
lost 10 years of life and men lost four years.

Joint damage starts at the beginning of the dis-
ease. In a study of 31 patients with recent-onset RA 
(symptoms for < 1 year), 19 percent had radiograph-
ic erosions, 97 percent had MRI-proven synovitis, 
and 68 percent had MRI-proven bone edema.2 The 
goals of current therapy are to prevent erosions and 
joint damage from ever occurring.

It is possible to predict which patients will have 
progressive joint damage. Markers for developing 
progressive disease include early functional limi-
tation, early bony erosions by radiograph, extra-
articular disease (e.g., presence of rheumatoid 
nodules, RA vasculitis, Felty’s syndrome), and an-
ti-cyclic citrullinated peptide antibodies (ACPAs) 
or positive rheumatoid factor (Exhibit 1).3,4 An 
additional prognostic factor for early, erosive RA 
includes inflammation markers such as the eryth-
rocyte sedimentation rate (ESR) and C-reactive 
protein. Other predictors are certain genetic mark-
ers (HLA-DRB1, PTPN22) and environmental 
factors such as smoking.

ACPAs have been found to be moderately sensitive 
and highly specific for RA. Patients with ACPAs are 
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Summary
Because rheumatoid arthritis (RA) is a systemic inflammatory disease which causes 
major joint damage, it needs to be identified early and treated aggressively. Dis-
ease-modifying anti-rheumatic agents including non-biologics, biologics, and Janus 
kinase inhibitors are all used to control the disease. There is ongoing research in 
identifying those at risk for RA to determine if the disease can be prevented.

Key Points
• RA needs to be treated early to prevent joint damage and other consequences of  
 inflammation.
• Methotrexate is still the first-choice medication for most patients.
• Biologics and JAK inhibitors have transformed the treatment of RA and are used  
 after methotrexate.
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more likely to develop RA, more likely to have an 
aggressive disease course, and more likely to have 
genetic markers for RA. About 80 to 90 percent of 
ACPA-positive patients express shared epitope-hu-
man leukocyte antigen class II.5,6 ACPAs are rare in 
healthy individuals and in other conditions.7 ACPAs 
can be seen up to two years before a RA diagnosis. 
ACPAs are being investigated as a predictive tool 
for therapy efficacy.8 Those with ACPAs are more 
likely to respond to rituximab and abatacept, but the 
presence of ACPAs does not seem to influence the 
response to tumor necrosis factor (TNF) inhibitors.

The pathogenesis of RA is thought to be caused 
by self-perpetuating activation of the immune sys-
tem against autoantigens or foreign peptides. An 
autoantigen (e.g., after citrullination) or a foreign 
peptide, such as a bacterial or viral peptide cross-
reactive with an autoantigen, is presented by an 
antigen-presenting cell via a major histocompatabil-
ity complex (MHC) class II molecule (carrying the 
shared epitope) to a naïve T cell, with support by 
costimulatory molecules, breaking tolerance to self. 
The T cell now becomes activated and differentiates 
into a TH1, TH17, or T follicular helper (Tfh) cell, 
releasing lymphokines that can activate macrophages 
and also provide help to B cells. The latter can be 
induced to produce autoantibodies (e.g., against a 
citrullinated protein). The B cell differentiates into 
a plasma cell that secretes these autoantibodies. Au-
toantibodies bind to respective autoantigens, thus 
forming immune complexes in the synovium, where 
these autoantigens have accumulated. The immune 

complexes, via their fragment crystallizable (Fc) 
portion, elicit other B cells to form anti-IgG anti-
bodies (rheumatoid factor) that enlarge the immune 
complexes and can increase complement activation. 
The immune complexes can bind to macrophages 
and other cells via Fc receptors and complement re-
ceptors, thus activating them to secrete proinflam-
matory cytokines and other mediators of inflam-
mation, such as TNF and interleukin-6 (IL-6), in 
addition to macrophage activation by lymphokines, 
such as interferon (IFN)-γ or IL-17, which derive 
from the activated T cells. There are now biologic 
agents to target many of the underlying pathologic 
processes of RA.

The biologic era of RA treatment began in the 
late 1990s with the approval of infliximab and 
etanercept, both anti-TNF monoclonal antibodies. 
There are now nine biologics and two small mol-
ecule agents which are disease-modifying antirheu-
matic drugs (DMARDs).

The 2015 American College of Rheumatology 
(ACR) guidelines recommend a treat-to-target ap-
proach with a goal of achieving remission or low-
disease activity.9 Therapy should be started early 
and aggressively managed based on objective disease 
measures. The initial treatment recommendation 
for early RA is DMARD monotherapy. The typi-
cal first agent is methotrexate (MTX) because there 
is significant data on the benefits and safety of this 
agent. MTX has actually been shown to delay de-
velopment of RA in ACPA-positive patients.10 If a 
patient still has moderate to severe disease activity 

Exhibit 1: Prognostic Factors for Early Erosive RA3,4
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on MTX, a combination of traditional DMARDs, 
a TNF inhibitor with or without MTX, or a non-
TNF biologic with or without MTX is recommend-
ed. Therapy is adjusted from there to achieve remis-
sion or, at a minimum, low-disease activity. Factors 
affecting the choice of treatment include the level 
of disease activity, prior treatments, patient prefer-
ence, route of administration, comorbid conditions, 
and formulary restrictions/insurance coverage. The 
FDA-approved options are listed in Exhibit 2.

Combination DMARD therapy is an option. 
MTX, hydroxychloroquine, and sulfasalazine triple 
therapy has been found superior to any one or two 
alone for an ACR 50 percent improvement response. 

One cost analysis found biologic therapy to be supe-
rior to triple therapy, but with a higher incremental 
cost-effectiveness ratio.11 There is not a great deal of 
long-term radiographic/safety data for triple therapy 
compared with MTX monotherapy or the biologics.

Of the biologics, TNF inhibitors are typical-
ly used first. These agents result in approximately 
40 percent of patients achieving an ACR50 (50% 
improvement in composite measure of symptoms, 
function, and overall well-being) at one-year of 
therapy.12-14 The combination of a TNF inhibitor 
with MTX is better than either agent alone (50% 
to 69% ACR 50). If a first TNF inhibitor fails, the 
question remains whether to try another agent in 

Exhibit 2: Therapeutics for RA

• DMARDs: methotrexate, hydroxychloroquine, sulfasalazine and leflunomide

• Agents approved for methotrexate-inadequate responders (or who are intolerant)

  - IL-1 blocker – anakinra

  - TNF blockers – infliximab, etanercept, adalimumab, certolizum  

   ab pegol, and golimumab

  - IL-6 receptor blocker – tocilizumab, sarilumab

  - JAK tyrosine-kinase inhibitor – tofacitinib

  - Blocker of co-stimulation – abatacept

• Agents approved for TNF inadequate responders

  - Anti-CD20, B cell targeting – rituximab

  - JAK tyrosine-kinase inhibitor – baricitinib

DMARD = disease-modifying antirheumatic drug
JAK = Janus kinase

Exhibit 3: Efficacy Trials When a TNF Antagonist Fails to Control Rheumatoid Arthritis15-20

Trial Drug
Placebo group    

(MTX alone) 
ACR50

Drug + MTX 
ACR50

Adalimumab 4% 20%

Rituximab 5% 27%

Taclizumab 4% 29%

Tofacitinib 11% 35%

Baricitinib (4 mg qd, FDA approved 
dose is 2 mg) 13% 29%
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the same class or switch classes. If the patient ini-
tially had a good response to a TNF inhibitor, but 
the effect waned or there was an adverse effect, data 
shows that switching to another TNF inhibitor usu-
ally works. If the patient had an inadequate primary 
response to a TNF inhibitor or had failed two or 
more TNF inhibitors, the medication class should 
be switched because trials have shown that switch-
ing to a different class is effective (Exhibit 3).15-20

The newest therapy class is the oral Janus kinase 
( JAK) inhibitors. The Janus kinases are part of the 
tyrosine kinase group of enzymes and four impor-
tant ones have been identified ( JAK1, JAK2, JAK3, 
and TYK2). When stimulated, the JAK inhibitors 
result in the release of various cytokines. The JAK 
inhibitors are typically found in pairs, and the dif-
ferent combinations have different effects. Exhibit 4 
shows the difference in targeting of the two FDA-
approved agents (tofacitinib, baricitinib) and two 
investigational agents (filgotinib, upadacitinib). 
Upadacitinib was submitted to the FDA in early 
2019, and the manufacturer of filgotinib is planning 
to submit it for FDA approval later in 2019.21 The 
impact on the different JAK inhibitors alters efficacy 
for immune diseases where specific cytokines are in-
volved and adverse effects.

Oral tofacitinib ( JAK1 and JAK3 inhibitor) is ef-

fective in patients with RA and inadequate response 
to nonbiologic DMARDs.22 The response to tofaci-
tinib in combination with MTX is more effective 
than tofacitinib alone and similar to adalimumab/
methotrexate.23 Baricitinib ( JAK1 and JAK 2 in-
hibitor) has primarily been studied in TNF inhibi-
tor inadequate responders.24 It is more effective than 
adalimumab in MTX inadequate responders for 
ACR response but equivalent for inhibition of ra-
diographic progression of structural joint damage at 
24 weeks.25 Because of baricitinib’s off target effects 
on the hematologic system from JAK 2 inhibition, 
it increases risk for developing deep vein thrombosis 
and pulmonary embolism. Because of this issue, the 
dose approved by the FDA was 2 mg daily compared 
to 4 mg, which is what was primarily studied. This 
agent would not be a good choice for anyone with 
a history of thromboembolic disease. Additionally, 
tuberculosis reactivation and herpes zoster can oc-
cur with JAK inhibition.26 There is about a fivefold 
increase in risk for zoster and thus patients should be 
vaccinated prior to starting a JAK inhibitor.

Overall, despite in vitro JAK specificity, profiles 
of cytokine inhibition appear similar, suggesting 
there may be limited potential for differentiation 
based on JAK specificity. Yet, JAK pharmacology 
could define differences in toxicity.

Exhibit 4: JAKs and Signaling by Type I/II Cytokine Receptors

Epo = erythropoietin
GM-CSF = granulocyte macrophage colony-stimulating factor
TYK = tyrosine kinase
TFA = tofacitinib
Bari = baricitinib
Fil = filgotinib
Upa = upadacitinib
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ACPAs and rheumatoid factors arise many years 
prior to RA onset in patients. The NIH has spon-
sored a clinical trial to determine whether hydroxy-
chloroquine treatment for six-months can prevent 
progression to RA in high-risk patients. This study 
includes ACPA-positive subjects with first-degree 
relatives with RA or who do not yet meet RA di-
agnostic criteria.

Conclusion
Rheumatoid arthritis commonly leads to defor-
mity/disability. It needs to be treated early and ag-
gressively. Validated disease activity measurements 
can guide therapy to attain low-disease activity or 
remission more often. Patient preferences and values 
need to be considered in making treatment deci-
sions and setting targets. The broad range of agents, 
administration routes (including new oral agents), 
and mechanisms of action enhance clinical oppor-
tunities. Compliance, individualized regimens, and 
effective patient-doctor relationships are always key 
to the best outcomes.

 
Maureen A. McMahon, MD is an Associate Clinical Professor and As-

sociate Chief of the Division of Rheumatology at the UCLA David Gef-

fen School of Medicine in Los Angeles, CA.
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Summary
It is an exciting time to be involved in treating hepatitis C viral (HCV) infections. 
There are direct-acting antiviral (DAA) regimens that result in very high cure rates 
and cause few adverse effects. Selecting pangenotypic combination products will 
simplify the formulary process for managed care plans.

Key Points
• There are three pangenotypic drug combinations – glecaprevir/pibrentasvir,  
 sofosbuvir/velpatasvir/voxilaprevir and sofosbuvir/velpatasvir – that treat all six  
 genotypes of HCV.
• Ninety-five percent or more of HCV infections are now curable. 
• The historically difficult to treat populations can now be successfully treated.
• The cost of DAAs is coming down.

HEPATITIS C VIRUS (HCV) IS A SINGLE-
stranded ribonucleic acid (RNA) virus in the flavi-
virus family, and humans are the only known natural 
host. It likely co-evolved with humans over many 
centuries as evidenced by its high-degree of genetic 
diversity with six genotypes. Unlike the DNA viruses 
human immunodeficiency virus (HIV) and hepatitis 
B virus (HBV), cure of HCV infection is possible.

The majority of people who get infected with 
HCV acutely will develop chronic HCV (Exhibit 
1).1 Sixty to 70 percent of those with chronic HCV 
will develop liver fibrosis and 25 percent will go 
on to develop cirrhosis over the course of 20 years. 
Those with cirrhosis are more likely to develop de-
compensated cirrhosis and hepatocellular carcinoma 
(HCC). HCV infection is the reason for 60 percent 
of all cases of HCC in the United States (U.S.).

The U.S. has a tremendous burden of HCV in-
fection. The true prevalence of HCV is unknown, 

but there is thought to be five to seven million 
people chronically infected.2-4 Only about 25 per-
cent of those with chronic infection have been 
diagnosed and even worse, only 7 to 11 percent 
receive treatment.

The majority of HCV cases are found in baby 
boomers (born between 1945 and 1965).2 The rates 
are very high in baby boomers because HCV was not 
even diagnosed when this population was young, the 
blood supply was contaminated, there was no way to 
screen blood products, and there were no universal 
precautions in health care settings. The Centers for 
Disease Control and Prevention  (CDC) and the U.S. 
Preventive Services Task Force (USPSTF) recom-
mend a one-time screening for all baby boomers.5,6

There is now a second cohort of cases being found 
in younger people (20 to 40 years of age) who inject 
drugs and are spreading the disease.7 Among people 
ages 18 to 29, HCV infection rates increased by 400 
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percent in those who injected opioids from 2004 to 
2014.8 Among people ages 30 to 39, HCV increased 
by 325 percent during the same time period. Impor-
tantly, HCV kills more Americans than any other 
infectious disease.9

The goal of HCV treatment is to reduce all-cause 
mortality and liver-related health adverse conse-
quences, such as end-stage liver disease and HCC 
by achievement of a virologic cure or a sustained 
virologic response (SVR).10 A SVR is an undetect-
able HCV RNA three-months after completion of 
treatment. A SVR is synonymous with “cure.” SVR 
rates with current recommended oral regimens are 
greater than 95 percent in those who have never 
been previously treated (treatment naïve).

HCV infection needs to be treated as early as pos-
sible for several reasons. Because chronic HCV is a 

progressive disease, treatment delays allow for the 
development of costly severe liver disease and liv-
er-related complications. Early treatment results in 
lower lifetime costs because of reductions in the de-
velopment of cirrhosis, HCC, liver-related morbid-
ity and mortality, and the need for liver transplanta-
tion.10,11 The guidelines state that treatment deferral 
practices based on the fibrosis stage alone are inad-
equate and shortsighted.10

Treatment guidelines from the American Associa-
tion for the Study of Liver Diseases (AASLD) and 
the Infectious Diseases Society of America (IDSA) 
in collaboration with the International Antiviral So-
ciety–USA (IAS–USA) provide guidance on HCV 
treatment.10 The AASLD, IDSA, and IAS–USA 
have a web-based process for the rapid formula-
tion and dissemination of evidence-based, expert-

Exhibit 1: HCV Infection is a Progressive Disease1
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Exhibit 2: HCV Treatment Advances Through the Years

1991
Interferon
Approved
(SVR 12%)

1998
Ribavirin

Approved
(SVR 20%)

2001
Pegylated
Interferon
Approved
(SVR 40%)

2014
The Holy Grail
of Hepatology:
Interferon-Free
Treatment of
Genotype 1

2017-2019
DAA’s that treat

all genotypes
(SVR ≥ 95%)

2011
First Direct-

Acting 
Antivirals 

(DAAs)
Approved
(SVR 75%)



www.namcp.org  |  Vol. 22, No. 4  |  Journal of Managed Care Medicine   51

developed recommendations for HCV manage-
ment. These up-to-date guidelines can be found at 
hcvguidelines.org.

The guidelines no longer recommend prioritiz-
ing patients for treatment. Because of the many 
benefits associated with successful HCV treatment, 
treatment is recommended for all patients with 
chronic HCV infection, except those with short-
life expectancies (< 1 year) who cannot be reme-
diated by treating HCC.10 All patients should be 
treated as promptly as feasible to improve health 
and to reduce HCV transmission.

Once chronic HCV is identified, the patient 
should be evaluated for treatment. The genotype 
of the virus, disease stage, previous history of any 
treatments, and any challenging conditions are all 
important in treatment selection. The majority of 
cases in the U.S. are genotype 1 (70%).12 The other 
genotypes are less common; however, for every gen-
otype, there is an effective treatment option.

Staging of hepatic fibrosis is essential prior to 
HCV treatment. It is very important that cirrhosis 
not be missed because those with cirrhosis require a 
more aggressive treatment plan for a cure. Chronic 
HCV is staged from fibrosis zero (F0) to F4. With 
F0 disease, there is no current evidence of fibro-
sis. As the disease progresses, fibrosis increases and 
spreads. At the F4 stage, the patient has cirrhosis 
with very little normal liver tissue.

Disease staging has traditionally been done with a 
liver biopsy, but there are disadvantages of this meth-
od. This process only samples a very small portion of 
the liver, is anxiety provoking, can have complica-
tions, and is costly ($2,500 to $3,000). Noninvasive 

options with devices that measure the velocity of the 
ultrasonic shear wave as the wave passes through the 
liver are becoming the standard. The velocity cor-
relates with the elasticity of tissue and increases with 
increased stiffness of the liver parenchyma.

Serum biomarkers can also be used to assess fibro-
sis. An AST/ALT ratio of greater than 0.8 suggests 
advanced fibrosis, if there is no history of alcohol use. 
The AST divided by the platelet count multiplied by 
100 can also be used. A value of 2 or greater suggests 
cirrhosis. A platelet count less than 150,000 suggests 
cirrhosis with portal hypertension. Commercial 
blood fibrosis tests (Fibrosure, Fibrotest, Hepascore, 
Fibrospect) measure variations in several biomarkers 
caused by changes in liver stiffness. These are good 
for staging patients with zero or minimal fibrosis 
and those with advanced fibrosis, but they are less 
accurate for assessing midrange fibrosis. Combining 
velocity scans and serum biomarkers increases diag-
nostic accuracy. Clinicians need to make sure all of 
the noninvasive tests point in the same direction; if 
not, they should consider doing a liver biopsy.

Exhibit 2 shows the evolution of treatment of 
HCV to the point that greater than 95 percent of 
cases can be cured. The direct-acting antivirals 
(DAAs) that directly inhibit viral replication revo-
lutionized chronic HCV therapy by being very tol-
erable oral agents with high cure rates. The newest 
DAA regimens require a shortened duration of ther-
apy compared to older regimens. The DAAs have 
mechanisms of action aimed at very specific targets 
in the life cycle of the virus.

There are four classes of DAAs and Exhibit 3 
shows only those FDA-approved agents that are in 

Exhibit 3: HCV Genome and FDA-Approved DAAs
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currently recommended regimens. There are now 
nine FDA-approved combinations that only need to 
be given once a day, which enhances adherence.

To prevent emergence of resistance, a combina-
tion of DAAs must be used. Resistance-associated 
variants (RAVs) are amino acid mutations in an en-
zyme required for HCV viral replication. Mutations 
develop because the HCV replicates very rapidly 
(>1,012 virions/day). Additionally, baseline DAA-
resistant virus exists before patients are exposed to 
therapy. DAAs select for resistant virus; they do not 
create resistant virus. Because of RAVs, all treatment 
today includes multiple DAAs. With combination 
therapy, the different drugs are collectively able to 
suppress both wild-type and mutated resistant virus. 
With today’s recommended regimens, RAVs are no 
longer a major concern.

In the guidelines, treatment regimens are listed 
in order of level of evidence. When several regi-
mens are at the same recommendation level, they 
are listed in alphabetical order. It is important to 
note that there are no head-to-head trials with the 
DAAs. With many different choices for HCV treat-
ment, clinicians should seek a regimen that is effec-
tive, safe, easy to take, and affordable (Exhibit 4). 
Other considerations in selecting a regimen include 
genotype and subtype, naïve or prior treatment ex-
perience, presence or absence of cirrhosis, and if cir-
rhosis is present, whether it is compensated.

The standard of care for treating HCV infection 
is an oral regimen of at least two agents; ribavirin 
is recommended to be added in some instances. As 
an example, regimens for treatment of naïve patients 
without cirrhosis with genotype 1a include elbasvir/
grazoprevir, glecaprevir/pibrentasvir, ledipasvir/so-
fosbuvir, and sofosbuvir/velpatasvir. The current du-
ration of therapy is eight to 16 weeks, depending on 
which therapy is selected, genotype, presence of cir-
rhosis, and presence of RAVs. Regimens for the vari-
ous genotypes, those with cirrhosis and those who are 
naïve or have had prior treatment, are specified in the 
treatment guidelines.10 Patients with decompensated 
cirrhosis ideally should be treated in a liver transplan-
tation center because they can become ill quickly.

Some previously challenging populations (chronic 
kidney disease, HIV co-infected, HBV co-infected, 
intravenous drug use) can now be treated success-
fully. For example, there are five approved regimens 
for patients with mild to moderate chronic kidney 
disease that do not require any dosage adjustments, 
and there are even two regimens for those with se-
vere or end-stage disease that also do not require 
dosage adjustments.

The same treatment recommendations for patients 
without HIV are recommended for those co-infect-
ed with HIV. The primary consideration in select-
ing an HCV treatment in a co-infected patient is 
potential drug-drug interactions with antiretroviral 

Exhibit 4: Choosing a HCV Regimen
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therapy. It is important that treatment is coordinated 
with the patient’s HIV specialist.

There is a need to decrease transmission by treat-
ing the people who are spreading HCV, especially 
those who use injectable drugs. Recent clinical 
trials with DAAs among people with HCV re-
ceiving opioid substitution therapy or with recent 
injection drug use showed their drug use had no 
impact on SVR rates.13-16 

Reactivation of hepatitis B virus (HBV) infec-
tion is a possibility with HCV infection treat-
ment in co-infected patients. There have been 29 
confirmed cases of HBV reactivation in patients 
treated with DAAs; most cases occurred within 
four to eight weeks of HCV DAA initiation. Re-
activation is possibly due to loss of host immune 
response to HBV. All patients with HCV should 
be tested for HBV before starting HCV treatment. 
If past or current HBV is found, HBV treatment is 
determined by HBV-DNA and ALT levels per the 
AASLD HBV guidelines.17

If the patient meets HBV criteria for treatment, 
HBV therapy should be started first and then fol-
lowed by HCV therapy. For those who do not meet 
HBV treatment criteria, clinicians should monitor 
HBV-DNA levels every four or eight weeks during 
and immediately after DAA therapy, and for three-
months post-treatment. If a rise occurs in HBV-
DNA, the AASLD guidelines should be followed for 
determining if HBV treatment is needed.

The safety profiles of all the recommended regi-
mens are excellent. Across numerous Phase III 
study programs, less than 1 percent of patients 
without cirrhosis discontinued treatment early and 
adverse effects were mild. Discontinuation rates 
were higher for patients with cirrhosis, but were 
still very low (approximately 2% for some trials). 
Drug interactions are another safety consideration 
in managing DAA therapy. All of the DAAs inter-
act with at least a few medications.

Curing HCV can be very expensive in terms of 
medication costs and has led to significant debate 
about the costs of treatment. Market-based competi-
tion is finally beginning to drive down the costs of 
DAAs. The wholesale acquisition cost of one of the 
newer approved combinations (glecaprevir/pibren-
tasvir) is significantly less that the older agents, but 
the actual prices paid for any of these products varies 
among plans due to contracting.

To minimize the costs of treatment, managed care 
payers should have the pangenotypic regimens (gle-
caprevir/pibrentasvir, sofosbuvir/velpatasvir, sofos-
buvir/velpatasvir/voxilaprevir), which treat all six 
major genotypes, as the formulary choices for HCV. 
They should negotiate further cost reductions for 

these regimens to bring prices to the point where 
they are affordable for the payers and patients. This 
may require vigorous discount negotiations.

Conclusion
Ninety-five percent or more of HCV infections are 
now curable. For every genotype, there are multiple 
regimens that are highly effective, more tolerable, 
and shorter in duration than in the past. There are 
three pangenotypic regimens that treat all six geno-
types. For naïve patients, glecaprevir/pibrentasvir 
and sofosbuvir/velpatasvir are used. For previously 
DAA treated patients, sofosbuvir/velpatasvir/voxi-
laprevir is available. The historically difficult to treat 
populations can now be successfully treated and the 
cost of DAAs is coming down.

David H. Winston, MD, FACP, AGAF is Section Head of Gastroenterol-

ogy and Hepatology at CIGNA HealthCare of Arizona in Sun City, AZ.
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Summary
Immunotherapy is a dramatic advance in the treatment of metastatic head and neck 
squamous cell carcinoma. Checkpoint inhibitors are improving survival in patients 
with late-stage disease and are moving into earlier lines of therapy.

Key Points
• Immunotherapy results in a durable response is a subset of patients.
• Combined positive score (CPS) is a better option for predicting response to 
 immunotherapy than PD-L1 expression on tumor cells alone.
• Pembrolizumab is now approved for use in the first-line setting for metastatic  
 disease as monotherapy or in combination with chemotherapy.

Evolving Considerations in the Treatment of 
Metastatic Head and Neck Squamous Cell 
Carcinoma: A Closer Look at the Role of 

Immunotherapy
           

Barbara Burtness, MD
For a CME/CEU version of this article, please go to http://www.namcp.org/home/education, 

and then click the activity title.

HEAD AND NECK CANCER IS THE SIXTH 
most common cancer worldwide and represents 3 
percent of all cancers, with an estimated 53,000 
new cases and 10,860 deaths expected to occur in 
the United States (U.S.) during 2019.1,2 Approxi-
mately 95 percent of cases are head and neck squa-
mous cell carcinoma (HNSCC); however, tumors 
can also be adenocarcinomas, muco-epidermoid, 
and adeno-cystic.

Cancer cells use many different mechanisms to 
evade detection and destruction by the immune 
system, including ineffective presentation of tumor 
antigens, tumor release of immunosuppressive fac-
tors, recruitment of immunosuppressive cells with 
inactive T cells, and T-cell checkpoint dysregula-
tion (Exhibit 1). Immunotherapy using checkpoint 
inhibitors that activate T cells against tumors is be-
ing used to overcome this evasion for many different 
cancers, including head and neck cancers.

HNSCC is suitable for immune checkpoint inhi-
bition because of a high tumor mutational load, viral 

antigens from infection with human papillomavi-
rus (HPV), programmed death ligand one (PD-L1) 
expression, presence of tumor-infiltrating lympho-
cytes, and activation of interferon-response genes.3,4 
Those with tobacco smoking-related HNSCC and 
HPV-associated HNSCC typically have high tumor 
mutational loads. Overall, HNSCC is an immuno-
therapy responsive cancer.

Other types of head and neck cancer are not 
suitable for treatment with checkpoint inhibitors. 
There are some HPV-associated cancers with low 
mutational loads. In others, PD-L1 expression may 
be low or absent or tumor-infiltrating lymphocytes 
may be excluded because of poor vascularization. 
There is a low objective response rate to single-
agent immune checkpoint inhibitors in unselected 
head and neck cancer. Additionally, some patients 
have a high tumor burden, are highly symptomatic, 
or have disease progression that is causing airway 
obstruction or hemorrhage. They need therapy 
which has a higher rate of response than that pro-
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vided by immunotherapy.
Platinum-based chemotherapy is still the treat-

ment of first choice for recurrent or metastatic HN-
SCC. A majority of recurrences for both HPV-asso-
ciated and -negative occur within the first year after 
primary treatment. Platinum-refractory HNSCC is 
defined as recurrent or metastatic disease not ame-
nable to curative-intent surgery, radiation or reir-
radiation, occurring on or within six-months of cis-
platin or carboplatin treatment, whether as part of 
concurrent chemoradiation, or as first-line chemo-
therapy for recurrent/metastatic disease. Once the 
disease is platinum-refractory, immunotherapy is a 
treatment option. Both pembrolizumab (Keytru-
da®) and nivolumab (Opdivo®) are FDA approved 
for HNSCC that progresses on or after platinum-
based therapy. These two agents target programmed 
death one (PD-1), which binds to PD-L1. Overall, 
approximately 20 percent of patients have a very 
long-lasting response to immunotherapy.

Nivolumab has been compared to chemother-
apy (docetaxel, methotrexate, or cetuximab) in 
recurrent or metastatic HNSCC.5,6 An overall 
response rate (ORR) of 13.5 percent was seen 
with nivolumab treatment compared to 5.8 per-

cent for chemotherapy. Although the response rate 
was only 13 percent, there was a major impact on 
survival with immunotherapy. The one-year sur-
vival rate was 36 percent with immunotherapy 
compared with 16.8 percent with chemotherapy. 
At two years, median overall survival (OS) in the 
nivolumab group was 7.7 months compared to 5.1 
months for investigator’s choice of therapy (meth-
otrexate, docetaxel, or cetuximab). Higher OS 
was seen in those with PD-L1 expression greater 
than or equal to 1 percent and in those with HPV 
(+) compared with HPV (-) disease.

Pembrolizumab has been studied in recurrent 
or metastatic platinum refractory HNSCC in two 
nonrandomized trials with an ORR of 16 to 18 per-
cent and median OS of eight months.7,8 Approxi-
mately 50 percent of patients had tumor reductions, 
and pembrolizumab appears active in both HPV(+) 
and (-) tumors. In the Keynote-040 trial (recurrent 
or metastatic platinum refractory HNSCC), the 
OS with pembrolizumab was 8.4 months versus 6.9 
months for investigator’s choice of therapy (metho-
trexate, docetaxel, or cetuximab).9

In the Keynote-048 trial, pembrolizumab as 
monotherapy and in combination with chemo-

Exhibit 1: Cancers Employ Complex Mechanisms to Evade and Suppress the Immune System
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therapy (pembrolizumab/carboplatin/cisplatin for 
six cycles with pembrolizumab maintenance) was 
compared with chemotherapy (cetuximab/carbopl-
atin/cisplatin for six cycles with cetuximab mainte-
nance) in the first-line setting for relapsed or meta-
static HNSCC that was incurable by local therapy.10 
Overall, pembrolizumab alone improves overall sur-
vival in a population with a combined positive score 
(CPS) >20 with HR of 0.61 and CPS>1 with HR 
0.78. CPS measures PD-L1 expression on tumor and 
immune cells. Progression-free survival (PFS) was 
shorter and the ORR was lower for pembrolizumab 
monotherapy, but the toxicity was less compared to 
chemotherapy. Pembrolizumab plus chemotherapy 
significantly improved OS compared with cetux-
imab/carboplatin/cisplatin in the total population 
(HR 0.77, P = 0.0034). There was no PFS or ORR 
benefit for pembrolizumab plus chemotherapy, but 
the responses to pembrolizumab plus chemotherapy 
were more durable. Pembrolizumab plus chemo-
therapy had a comparable safety profile compared to 
cetuximab/carboplatin/cisplatin. There was a simi-
lar incidence of any-grade, Grade 3 to 4, and Grade 5 
treatment-related adverse effects in all the study arms 
and no unexpected toxicity in the pembrolizumab/
chemotherapy arm. These data support pembroli-
zumab plus platinum-based chemotherapy as a new 
first-line standard of care for relapsed or refractory 
HNSCC. In addition to use after disease progression 
on or after platinum-based chemotherapy, pembro-
lizumab is now FDA approved, in combination with 
platinum and fluorouracil (5-FU), for the first-line 
treatment of patients with metastatic or unresect-
able, recurrent HNSCC, and as a single agent for 
the first-line treatment of patients with metastatic or 
unresectable, recurrent HNSCC whose tumors ex-
press PD-L1 (Combined Positive Score [CPS] ≥1), 
as determined by an FDA-approved test. The Na-

tional Comprehensive Cancer Network (NCCN) 
guidelines include pembrolizumab monotherapy as 
a category 2B option in the first line.11 

The combination of pembrolizumab and lenvatinib, 
a tyrosine kinase inhibitor, has also been studied for 
HNSCC in a Phase I study. Tumor size reduction was 
seen in the majority of patients, and the median PFS 
was 8.2 months.12 The addition of lenvatinib seems to 
decrease the rate of early progression, which has been 
seen in some pembrolizumab trials. This combina-
tion will be moving into later stage trials.

The possibility of using radiation to cause cell death 
that will amplify the response to immunotherapy is 
being investigated in many cancers. Nivolumab with 
stereotactic body radiotherapy (SBRT) has been 
compared to nivolumab alone in metastatic HN-
SCC. The nivolumab was given every three weeks, 
and three doses of SBRT were given between the 
first and second nivolumab doses. The combination 
did not statistically improve median PFS or OS.13

As with most other cancers treated with immu-
notherapy, there are issues in identifying which pa-
tients with recurrent or metastatic HNSCC would 
potentially benefit from immunotherapies. Incorpo-
ration of tumor inflammatory cell counts with PD-
L1 measurement CPS improves the ability to de-
tect potential responders. The overall response rate 
(ORR) and OS is higher in those with CPS and 
PD-L1 positive. PD-L2 positive status and a higher 
interferon gamma (IFN- γ) 6 gene signature score 
are also associated with better PFS and OS.

The anti-PD-1 immunotherapies can cause signif-
icant immune-related adverse events (irAEs). The 
most common are diarrhea/colitis, progressive rash, 
pneumonitis, hepatitis, and endocrinopathies. These 
often appear in characteristic patterns after starting 
therapy (Exhibit 2).14-16 Although characteristic pat-
terns have emerged, irAEs can occur at any time 

Exhibit 2: Pattern of Immune-Related Adverse Events14-16

TIME TO ONSET (WEEKS)

Skin5 weeks

GI 7.3 weeks

Hepatic 7.7 weeks

Endocrine 10.4 weeks

Pulmonary 8.9 weeks

Anti-PD-1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
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during and even after the completion of treatment. 
As the use of immunotherapy agents increases, it is 
important to be aware that certain irAEs, although 
rare, may have lasting consequences (Exhibit 3).14-16

Conclusion
Immunotherapy produces a durable response in a 
subset of patients with HNSCC and improves OS. 
CPS is a better option for predicting response to 
pembrolizumab than PD-L1 expression on tumor 
cells alone. Pembrolizumab is now approved for 
use in the first-line setting for metastatic disease as 
monotherapy or in combination with chemotherapy.

Barbara Burtness, MD is a Professor of Medicine at the Yale School of 

Medicine and Co-Leader of the Developmental Therapeutics Program 

at the Yale Cancer Center in New Haven, CT.
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Exhibit 3: Long-Term or Potentially Irreversible Immune-Related Adverse Events14-16

Hypophysitis
Adrenal insufficiency and hypothyroidism can arise from long-term hypophysitis and lifelong 
hormonal replacement is needed in most cases.

• If unrecognized, hypophysitis can be life threatening.

Arthralgia Erosive, irreversible joint damage has been seen within weeks of symptom onset.

Myocarditis

Be aware of immune-mediated myocarditis, particularly because of its early onset, nonspecific 

symptomatology, and sudden, rapid progression.

• Immediate referral is warranted for any patient who develops abnormal cardiac test 
results during the course of immune checkpoint inhibitor therapy.

Type 1
 Diabetes

Acute risks of diabetic ketoacidosis in type 1 diabetes mellitus require vigilance despite the 
low occurrence rate

Neurologic
Syndromes

Persistent high grade (≥3) adverse effects such as neuropathy have been reported

• Neurologic toxicity is often steroid-responsive but resolution does not occur in all cases
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LUNG CANCER IS THE SECOND MOST COM-
mon cancer in the United States (U.S.) and is the most 
common cause of cancer-related death. Non-small 
cell lung cancer (NSCLC) represents approximately 
85 percent of all lung cancer cases.

Checkpoint immunotherapy has moved into the 
first-line setting for NSCLC where the patient does 
not have a driver mutation for which there is target-
ed therapy (i.e., EGFR, ALK rearrangement). In the 
Keynote-024 trial, pembrolizumab (Keytruda®), in 
those with programmed death ligand one (PD-L1) 
expression greater than 50 percent, resulted in bet-

ter progression-free survival (PFS) and overall sur-
vival (OS) than chemotherapy in the first-line treat-
ment setting.1 Pembrolizumab was FDA approved 
for NSCLC with PD-L1 greater than 50 percent 
in 2016. In an analysis of responses from the Key-
note-024 trial by PD-L1 expression, OS and PFS 
were better with pembrolizumab, even in those with 
only PD-L1 greater than 1 percent, but the benefit 
decreased the lower the PD-L1.2 It is reasonable to 
give pembrolizumab to those who are not candi-
dates for chemotherapy or who refuse chemotherapy 
if the PD-L1 is greater than 1 percent. 

Summary
It is an exciting time to be treating metastatic non-small cell lung cancer (NSCLC) 
because there are now multiple therapies that can prolong survival. Instead of a 
previous eight-month average survival rate, many patients are now living several 
years with treatment.

Key Points
• Immunotherapy is first-line treatment for many patients with metastatic lung 
 cancer.
• For those with high PD-L1 (> 50%), pembrolizumab monotherapy is likely the first 
 choice.
• Histology-specific chemotherapy in combination with pembrolizumab can be 
 considered for patients with aggressive disease.
• For those who are PD-L1 low (1 to 49%) or negative (< 1%), the combination of 
 histology-specific chemotherapy with pembrolizumab has the strongest 
 supportive data.
• For EGFR mutation-positive NSCLC, osimertinib is moving into first-line 
 treatment due to efficacy and tolerability.
• For ALK rearrangements, alectinib is the first-line therapy.

Optimizing Treatment Strategies in the 
Management of Advanced Non-Small Cell Lung 

Cancer (NSCLC): Individualized Therapy for 
Improved Patient Outcomes

H. Jack West, MD
For a CME/CEU version of this article, please go to http://www.namcp.org/home/education, 

and then click the activity title.
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Keynote-189 studied pembrolizumab in combi-
nation with chemotherapy (carboplatin or cisplatin/
pemetrexed) as first-line therapy for metastatic non-
squamous NSCLC. This trial included patients ir-
respective of PD-L1 levels. There was a 20 percent 
improvement in one-year OS with the combination 
(69.2%) compared to chemotherapy (49.4%) alone 
(Exhibit 1).3 PFS and response rate were both also 
improved. The benefits were seen across the spec-
trum of PD-L1 expression, including those who 
were negative. As a result of this trial, carboplatin/
pemetrexed/pembrolizumab has become the stan-
dard first-line treatment for metastatic nonsquamous 
NSCLC without driver mutations. For patients with 
high PD-L1 (50% or greater), there are two options 
– pembrolizumab alone or in combination with 
chemotherapy. Many lung cancer specialists prefer 
the immunotherapy monotherapy option as a way 
to avoid the hazards of chemotherapy and reduce 
costs. The chemotherapy/immunotherapy option is 
favored for those patients who are declining clini-
cally in order to give them the best chance.

Atezolizumab (Tecentriq®), another checkpoint in-
hibitor which, is only FDA approved for small cell lung 
cancer, has also been studied in combination with che-
motherapy (carboplatin/paclitaxel/±bevacizumab) in 
NSCLC. The four-drug combination did improve 
OS better than without atezolizumab, but the overall 

results were not as impressive as those with pembro-
lizumab.4 Subgroups that did particularly well with 
this regimen were those with liver metastases or were 
EGFR or ALK positive (had to of failed on prior tar-
geted therapy). Data from this trial supports the use 
of this four-drug regimen for those who have pro-
gressed on targeted therapy. Importantly, it appears 
that including bevacizumab is important in helping 
patients respond to atezolizumab.

Twenty to 25 percent of NSCLC cases are 
squamous cell in origin. Pembrolizumab has also 
been studied in metastatic squamous NSCLC 
as f irst-line therapy in the Keynote-407 trial.5 
This trial studied carboplatin/paclitaxel with 
and without pembrolizumab. Median OS was 
improved (15.9 months vs 11.3), and a benef it 
was seen in even those with PD-L1 less than 1 
percent. This combination is now FDA approved 
and is the standard of care. As with nonsquamous 
disease, those with high PD-L1 can receive either 
pembrolizumab monotherapy or immunotherapy 
combined with chemotherapy. Atezolizumab has 
also been studied in the squamous population, 
but again the results were not as good as those 
with pembrolizumab.

Tumors with high tumor mutational burden 
(TMB) tend to respond better to immunotherapy. 
There are more opportunities for the immune sys-

Exhibit 1: KEYNOTE-189 Overall Survival3
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tem to recognize and attack the cancer. Data from 
some trials with nivolumab suggest that high TMB 
may be a biomarker for immunotherapy response in 
both small cell and NSCLC. The research program 
for nivolumab in lung cancer has shifted focus from 
PD-L1 expression to TMB. Importantly, there is no 
correlation between TMB and PD-L1. In the first-
line setting for NSCLC with high TMB, there is 
higher PFS in those who receive nivolumab com-
pared to chemotherapy, but the OS is not statistically 
different.6 At this time, nivolumab is only approved 
for second-line treatment after chemotherapy for 
both metastatic NSCLC and small cell lung cancer.

There are several issues with using TMB in rou-
tine clinical practice. TMB analysis requires a sig-
nificant amount of tissue, has a long turnaround 
time (2.5 to 3 weeks), lacks a gold standard/valida-
tion for doing the test, lacks proof of a significant 
improvement in OS in the nivolumab trials using it, 
and is costly. Clinicians do not yet know if TMB is 
a nivolumab-specific biomarker or just predictive of 
utility with any immunotherapy. Measuring TMB 
is not yet a standard of care.

Some patients with NSCLC have targetable tu-
mor mutations. Epidermal growth factor recep-
tor (EGFR) mutations occur in about 10 percent 
of NSCLC cases in the U.S. The first-generation 
EGFR tyrosine kinase inhibitors (TKIs) had been 

first-line therapy, but osimertinib (Tagrisso®), a 
second-generation agent, is moving into first-line 
due to better overall and central nervous system ef-
ficacy in terms of response and PFS.7 Although the 
preliminary survival data with osimertinib looks 
good, the data related are not yet mature (Exhibit 
2).7 Osimertinib had previously been used for sec-
ond-line therapy in those with an acquired T790M 
mutation. Another recently approved second-gener-
ation EGFR TKI, dacomitinib (Vizimpro®), is FDA 
approved for the first-line treatment of patients with 
metastatic NSCLC with EGFR exon 19 deletion or 
exon 21 L858R substitution mutations as detected 
by an FDA-approved test. It improves OS and PFS 
compared to gefitinib, but unfortunately it is quite 
toxic (diarrhea, acneiform rash). In the trials, two-
thirds of the patients receiving this agent had to have 
a dose reduction.

For patients with anaplastic lymphoma kinase 
(ALK) rearrangements, alectinib (Alecensa®) is the 
treatment of first choice. Brigatinib is a promising 
investigational agent which has been shown to be 
better than crizotinib, the first-generation ALK in-
hibitor which is no longer used.8 Brigatinib does 
have some adverse effect challenges, including lower 
extremity edema and pneumonitis.

ROS1 is another mutation that occurs in 
NSCLC. Entrectinib has been granted a priority 

Exhibit 2: Overall Survival Preliminary Analysis of Osimertinib versus Standard of Care7
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review designation by the FDA as a therapy for 
patients with metastatic ROS1-positive NSCLC. 
Examples of other mutations for which there is tar-
geted therapy include MET amplification or exon 
14 skipping mutation (crizotinib) and RET rear-
rangements (cabozantinib). More mutations are 
being discovered every day along with their com-
panion targeted therapy.

Broad molecular testing in advanced NSCLC 
is now more appropriate than in any other can-
cer setting because there are many targets. Test-
ing is moving from tissue testing to liquid biopsies. 
Liquid biopsies have many advantages, including 
rapid turnaround, easy access, and positive results 
highly correlated with good responses. The main 
issue with the liquid biopsies is false negative re-
sults due to sensitivity. This is especially true for 
low-volume disease. 

Conclusion
The keys for selecting therapy for NSCLC are mu-
tations, PD-L1 status, histology, and performance 
status. For those with high PD-L1 (> 50%), pem-
brolizumab monotherapy is likely the first choice. 
Histology-specific chemotherapy in combination 
with pembrolizumab can be considered for patients 
with aggressive disease. For those who are PD-L1 
low (15 to 49%) or negative (< 1%), the combina-
tion of histology-specific chemotherapy with pem-
brolizumab has the strongest supportive data. For 
EGFR mutation-positive NSCLC, osimertinib is 
moving into first-line due to overall and CNS ef-
ficacy. Numerous other mutations have targeted 

therapy and more are being identified. Tumor mu-
tational burden and liquid biopsies are under study, 
but they are not yet ready for prime time.
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PSORIASIS IS A SKIN DISEASE OF MULTI-
factorial origin with a systemic inflammatory com-
ponent that typically has a waxing and waning 
course. It can affect any part of the skin, including 
the face, scalp, nails, and genitals.

The diagnosis of psoriasis is based on the clini-
cal appearance of typical red scaly plaques in typi-
cal locations, such as the elbows, knees, scalp, nails, 
and gluteal cleft. Skin biopsy is occasionally needed. 
Enthesopathy, inflammation at insertion tendon to 
bone, is common. It can occur as tennis elbow, plan-
tar fasciitis, and Achilles tendonitis. The degree of 
disease varies from mild to severe. Localized disease 
to the hands, feet, or face can be especially impactful 
on the ability to work on and self-esteem.

Pathologically, psoriasis is characterized by local-
ized and systemic inflammation caused by defects 
in T regulatory cells and upregulation of Th-1 and 
Th-17 cells, antigen-presenting cells, and cyto-

kines (Exhibit 1).1 Interleukins (IL-12, IL-17, and 
IL-23) are all important cytokines in perpetuating 
the disease.

Advances in studies of the immunological basis of 
psoriasis, combined with progress in genetics, mi-
crobiology, and bioengineering, have resulted in a 
shift in therapeutic focus toward agents that inter-
fere with the psoriatic disease process at the cellular 
level. These new biologic agents have the ability to 
interrupt the disease pathway through the modula-
tion of T-cell response and cytokine levels and may, 
therefore, slow or halt disease progression. Biolog-
ics that are FDA approved for treating moderate-to-
severe psoriasis target tumor necrosis factor (TNF, 
adalimumab, etanercept), IL-12 (ustekinumab), IL-
23 (guselkumab, tildrakizumab, risankizumab), and 
IL-17 (brodalumab, ixekizumab, secukinumab).

Psoriasis therapy for those with limited body sur-
face area (< 3%) is topical therapy. For those with 
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larger body surface area (> 10%) affected, topical 
therapy is not effective, so systemic therapy is in-
dicated (Exhibit 2). Systemic therapy may also be 
required for severe localized psoriasis involving the 
palms, soles, face, or genital area. Treatment with the 
biologic agents, which target better the underlying 
pathology than the traditional systemic agents, can 
result in dramatic clearing of psoriasis plaques. In 
terms of efficacy, the anti-IL-17/23 agents produce 
the highest rates of PASI 75 (75% clearance of skin 
lesions) at 80 to 85 percent, followed by ustekinum-
ab (70%) and adalimumab (70%).2-14 Achieving 
PASI 75 is the standard by which the psoriasis medi-
cations are approved by the FDA. A smaller percent-
age of patients will achieve 100 percent clearing (35 
to 40%), but this is much higher than possible with 
the traditional systemic medications. The number 
needed to treat to achieve a PASI 100 for one patient 
with methotrexate is 25, but it is 2 to 3 for the anti-
IL-17/23 agents. It is important to note that none of 
the treatments, whether biologic, phototherapy, or 
traditional systemic, is a cure. Therapy has to con-
tinue in order to maintain skin clearing.

The IL-17 and IL-23 pathway inhibitors are the 
most effective psoriasis therapies ever developed and 
are safer than traditional systemic therapy. They are 
more effective than etanercept and ustekinumab. 
Additionally, the long-term safety of these agents ap-
pears good, especially compared to systemic agents 
such as cyclosporine. These agents are also effective 
for treating palmoplantar psoriasis and nail disease, 

both of which have been difficult to treat in the past.
The anti-IL-17 agents are self-injected and are 

initially given frequently for an induction period. 
For example, brodalumab is given as three week-
ly doses for induction. Afterwards, they are given 
either every two weeks (brodalumab) or monthly 
(ixekizumab, secukinumab). The most common ad-
verse effect is injection site reaction. There has been 
about a 1 to 2 percent incidence of treatable cutane-
ous candida infection. Inflammatory bowel disease 
exacerbation can also occur. Brodalumab, which 
blocks the IL-17 receptor rather than interacting di-
rectly with IL-17, is different from the other anti-
IL-17 agents. This is a modest efficacy advantage, 
but it may be a safety risk; a few people in the studies 
developed depression and suicidal ideation. The risk 
for depression and suicidal ideation is included in 
the package labeling and requires a patient educa-
tion leaflet (per the Risk Evaluation and Mitigation 
Strategy [REMS]). Some have questioned whether 
this is a real issue or is just related to an increased risk 
of depression in psoriasis patients.

The IL-23 pathway appears to be the key path-
way in psoriasis pathology. The IL-23 inhibitors 
which block the p19 subunit are self-injected every 
two (guselkumab) to three (tildrakizumab, risanki-
zumab) months after induction. Risankizumab 
was FDA approved in April of 2019; it may be the 
most efficacious agent of all the available therapies. 
Eighty-two percent of patients in the licensing trial 
achieved PASI 90.14 This class is also generally well 

Exhibit 1: Patthology of Psoriasis1
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tolerated with injection site reaction being the most 
common adverse effect.

Both anti-IL-17 and anti-IL-23 classes have pack-
age insert warnings about infection risk from im-
munosuppression risk and cancer risk. Long-term 
studies with ustekinumab (anti-IL-12 have shown 
the risk of both issues to be the same risk as for the 
general population, but long-term studies are not 
yet available for the two newer classes.15,16

Because of the systemic inflammatory process 
of the disease, there are some significant psoriasis 
comorbidities. Psoriatic arthritis occurs in approxi-
mately 30 percent of those with psoriasis and causes 
significant joint damage.17 The skin disease usually 
precedes joint symptoms by about 10 years. It is not 
yet known if joint damage can be prevented long-
term by intervening with biologics. The anti-TNF 
agents, ixekizumab, and secukinumab are approved 
for treating psoriatic arthritis. Initial studies com-
paring the newer agents to the anti-TNF agents 
show similar efficacy.18,19

Psoriasis is an independent risk factor for death 
from cardiovascular disease. Cardiovascular disease, 
diabetes, metabolic syndrome, hypertension, and 
obesity are all inflammatory-related comorbidities 
commonly seen in those with psoriasis.20 Retro-
spective data suggest that biologic therapy is reduc-
ing the risk of cardiovascular disease.

When a patient needs systemic therapy, the cli-
nician has to choose between oral systemic, pho-
totherapy and biologic therapy. Therapy choice is 
often determined by the patient’s insurance com-
pany. Step therapy requires failing methotrexate 

and sometimes multiple therapies before moving 
to a biologic. Many plans are requiring patients 
to fail methotrexate and ustekinumab before they 
can move to an anti-IL17 or 23 agent. Given the 
efficacy data on skin clearing, biologics probably 
should be first-line therapy; however, the cost of 
therapy ($30,000 to $60,000 per year) has to be 
balanced against efficacy.

Phototherapy is a very effective, but time-con-
suming, treatment for patients with moderate-to- 
severe disease. Unfortunately, it is primarily only 
available in large urban areas and many insurers 
require a copay for each treatment, which is done 
three times per week. The patient will often have 
a much lower copay for a biologic. Given the pos-
sible cost advantage of phototherapy over biologics, 
managed care payers could eliminate phototherapy 
copayments to encourage use. Plans should also 
eliminate restrictions and prior authorizations for 
phototherapy and conventional systemic therapy 
(methotrexate, cyclosporine, acitretin).

Conclusion
The anti-IL-17/23 agents are a major advance 
in the treatment of psoriasis. Questions still re-
main whether these more effective, but more 
costly, agents should be used as f irst-line therapy 
for moderate-to-severe psoriasis. The long-term 
safety and overall health care costs also need to 
be determined.

Robert E. Kalb, MD is a Clinical Professor of Dermatology at SUNY at 

Buffalo School of Medicine in Buffalo, NY.

Exhibit 2: Psoriasis Systemic Treatment Toolbox
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