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In COMFORT-I* and COMFORT-II,† Jakafi® (ruxolitinib) significantly reduced spleen volume  
compared with patients receiving placebo or best available therapy, respectively1-3

 The primary end point was the proportion of patients achieving 
a ≥35% reduction in spleen volume from baseline at week 48 as 
measured by CT or MRI1,3

*  COMFORT-I (COntrolled MyeloFibrosis study with ORal JAK inhibitor Treatment-I) was a randomized, double-blind, placebo-controlled  
phase 3 study with 309 patients with intermediate-2–risk or high-risk myelofibrosis.1,2 

 †  COMFORT-II (COntrolled MyeloFibrosis study with ORal JAK inhibitor Treatment-II) was a randomized, open-label phase 3 study with 219 
patients with intermediate-2–risk or high-risk myelofibrosis.1,3

 ‡  Best available therapy in COMFORT-II included hydroxyurea (46.6%) and glucocorticoids (16.4%), as well as no medication, anagrelide, epoetin 
alfa, thalidomide, lenalidomide, mercaptopurine, thioguanine, danazol, peginterferon alfa-2a, interferon-α, melphalan, acetylsalicylic acid, 
cytarabine, and colchicine.4

 The primary end point was the proportion of patients achieving 
a ≥35% reduction in spleen volume from baseline at week 24 as 
measured by CT or MRI1,2

FDA APPROVED FOR INTERMEDIATE 
OR HIGH-RISK MYELOFIBROSIS

Provide your members with the option that’s 

 Treatment with Jakafi can cause thrombocytopenia, 
anemia and neutropenia, which are each dose-related 
effects. Perform a pre-treatment complete blood count 
(CBC) and monitor CBCs every 2 to 4 weeks until doses 
are stabilized, and then as clinically indicated

 Manage thrombocytopenia by reducing the dose or 
temporarily interrupting Jakafi. Platelet transfusions may 
be necessary

 Patients developing anemia may require blood 
transfusions and/or dose modifications of Jakafi

 Severe neutropenia (ANC <0.5 × 109/L) was generally 
reversible by withholding Jakafi until recovery

 Serious bacterial, mycobacterial, fungal and viral infections 
have occurred. Delay starting Jakafi until active serious 
infections have resolved. Observe patients receiving Jakafi 
for signs and symptoms of infection and manage promptly 

 Tuberculosis (TB) infection has been reported. Observe 
patients taking Jakafi for signs and symptoms of active 
TB and manage promptly. Prior to initiating Jakafi, 
evaluate patients for TB risk factors and test those at 
higher risk for latent infection. Consult a physician with 
expertise in the treatment of TB before starting Jakafi in 
patients with evidence of active or latent TB. 
Continuation of Jakafi during treatment of active TB 
should be based on the overall risk-benefit determination

 Progressive multifocal leukoencephalopathy (PML) has 
occurred with ruxolitinib treatment for myelofibrosis. If 
PML is suspected, stop Jakafi and evaluate

 Advise patients about early signs and symptoms of 
herpes zoster and to seek early treatment

 Increases in hepatitis B viral load with or without 
associated elevations in alanine aminotransferase and 
aspartate aminotransferase have been reported in 
patients with chronic hepatitis B virus (HBV) infections. 
Monitor and treat patients with chronic HBV infection 
according to clinical guidelines

Jakafi is a registered trademark of Incyte Corporation. 
© 2016, Incyte Corporation. All rights reserved.  RUX-2054   12/16
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Indications and Usage
Jakafi is indicated for treatment of patients with intermediate or high-risk myelofibrosis, including primary myelofibrosis,  
post–polycythemia vera myelofibrosis and post–essential thrombocythemia myelofibrosis.

 Because of progression-driven events or at the physician’s discretion, patients randomized to placebo (COMFORT-I) or best available 
therapy (COMFORT-II) who crossed over to receive Jakafi continued to be grouped within their original randomized assignment for 
analysis purposes4 

 All patients in the placebo group either crossed over or discontinued1

Overall survival was a prespecified secondary end point 
in COMFORT-I and COMFORT-II 1

 COMFORT‐II: At 3 years, survival probability was 79% for patients 
originally randomized to Jakafi and 59% for those originally 
randomized to best available therapy1

 COMFORT-I: At 3 years, survival probability was 70% for patients 
originally randomized to Jakafi and 61% for those originally 
randomized to placebo1

BAT 

COMFORT-II Overall Survival: Kaplan-Meier Curves 
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BAT, best available therapy.

 When discontinuing Jakafi, myeloproliferative neoplasm-
related symptoms may return within one week. After 
discontinuation, some patients with myelofibrosis have 
experienced fever, respiratory distress, hypotension, DIC,  
or multi-organ failure. If any of these occur after 
discontinuation or while tapering Jakafi, evaluate and treat 
any intercurrent illness and consider restarting or increasing 
the dose of Jakafi. Instruct patients not to interrupt or 
discontinue Jakafi without consulting their physician. When 
discontinuing or interrupting Jakafi for reasons other than 
thrombocytopenia or neutropenia, consider gradual tapering 
rather than abrupt discontinuation

 Non-melanoma skin cancers including basal cell, 
squamous cell, and Merkel cell carcinoma have occurred. 
Perform periodic skin examinations

 Treatment with Jakafi has been associated with increases 
in total cholesterol, low-density lipoprotein cholesterol, 
and triglycerides. Assess lipid parameters 8-12 weeks 
after initiating Jakafi. Monitor and treat according to 
clinical guidelines for the management of hyperlipidemia

 The three most frequent non-hematologic adverse reactions 
(incidence >10%) were bruising, dizziness and headache

 A dose modification is recommended when administering 
Jakafi with strong CYP3A4 inhibitors or fluconazole or in 
patients with renal or hepatic impairment. Patients should  
be closely monitored and the dose titrated based on safety 
and efficacy

 Use of Jakafi during pregnancy is not recommended and 
should only be used if the potential benefit justifies the 
potential risk to the fetus. Women taking Jakafi should not 
breast-feed

Please see Brief Summary of Full Prescribing 
Information for Jakafi on the following pages.

To learn more about Jakafi, visit Jakafi.com/HCP.
References: 1. Jakafi Prescribing Information. Wilmington, DE: Incyte Corporation.  
2. Verstovsek S, Mesa RA, Gotlib J, et al. A double-blind, placebo-controlled trial  
of ruxolitinib for myelofibrosis. N Engl J Med. 2012;366(9):799-807. 3. Harrison C,  
Kiladjian J-J, Al-Ali HK, et al. JAK inhibition with ruxolitinib versus best available  
therapy for myelofibrosis. N Engl J Med. 2012;366(9):787-798. 4. Data on file.  
Incyte Corporation. Wilmington, DE. 

Important Safety Information
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related symptoms may return within one week. After 
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To learn more about Jakafi, visit Jakafi.com/HCP.
References: 1. Jakafi Prescribing Information. Wilmington, DE: Incyte Corporation.  
2. Verstovsek S, Mesa RA, Gotlib J, et al. A double-blind, placebo-controlled trial  
of ruxolitinib for myelofibrosis. N Engl J Med. 2012;366(9):799-807. 3. Harrison C,  
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BRIEF SUMMARY: For Full Prescribing Information, see package insert.
CONTRAINDICATIONS None.
WARNINGS AND PRECAUTIONS Thrombocytopenia, Anemia and Neutropenia Treatment with 
Jakafi can cause thrombocytopenia, anemia and neutropenia. [see Dosage and Administration (2.1) in Full 
Prescribing Information]. Manage thrombocytopenia by reducing the dose or temporarily interrupting Jakafi. 
Platelet transfusions may be necessary [see Dosage and Administration (2.1.1) and Adverse Reactions (6.1) in  
Full Prescribing Information]. Patients developing anemia may require blood transfusions and/or dose 
modifications of Jakafi. Severe neutropenia (ANC less than 0.5 X 109/L) was generally reversible by withholding 
Jakafi until recovery [see Adverse Reactions (6.1) in Full Prescribing Information]. Perform a pre-treatment 
complete blood count (CBC) and monitor CBCs every 2 to 4 weeks until doses are stabilized, and then as clinically 
indicated. [see Dosage and Administration (2.1.1) and Adverse Reactions (6.1) in Full Prescribing Information ]. 
Risk of Infection Serious bacterial, mycobacterial, fungal and viral infections have occurred. Delay starting 
therapy with Jakafi until active serious infections have resolved. Observe patients receiving Jakafi for signs and 
symptoms of infection and manage promptly. Tuberculosis Tuberculosis infection has been reported in patients 
receiving Jakafi. Observe patients receiving Jakafi for signs and symptoms of active tuberculosis and manage 
promptly. Prior to initiating Jakafi, patients should be evaluated for tuberculosis risk factors, and those at higher 
risk should be tested for latent infection. Risk factors include, but are not limited to, prior residence in or travel to 
countries with a high prevalence of tuberculosis, close contact with a person with active tuberculosis, and a history 
of active or latent tuberculosis where an adequate course of treatment cannot be confirmed. For patients with 
evidence of active or latent tuberculosis, consult a physician with expertise in the treatment of tuberculosis before 
starting Jakafi. The decision to continue Jakafi during treatment of active tuberculosis should be based on the 
overall risk-benefit determination. PML Progressive multifocal leukoencephalopathy (PML) has occurred with 
ruxolitinib treatment for myelofibrosis. If PML is suspected, stop Jakafi and evaluate. Herpes Zoster Advise 
patients about early signs and symptoms of herpes zoster and to seek treatment as early as possible if suspected 
[see Adverse Reactions (6.1) in Full Prescribing Information]. Hepatitis B Hepatitis B viral load (HBV-DNA titer) 
increases, with or without associated elevations in alanine aminotransferase and aspartate aminotransferase, 
have been reported in patients with chronic HBV infections taking Jakafi. The effect of Jakafi on viral replication in 
patients with chronic HBV infection is unknown. Patients with chronic HBV infection should be treated and 
monitored according to clinical guidelines. Symptom Exacerbation Following Interruption or 
Discontinuation of Treatment with Jakafi Following discontinuation of Jakafi, symptoms from 
myeloproliferative neoplasms may return to pretreatment levels over a period of approximately one week. Some 
patients with myelofibrosis have experienced one or more of the following adverse events after discontinuing 
Jakafi: fever, respiratory distress, hypotension, DIC, or multi-organ failure. If one or more of these occur after 
discontinuation of, or while tapering the dose of Jakafi, evaluate for and treat any intercurrent illness and consider 
restarting or increasing the dose of Jakafi. Instruct patients not to interrupt or discontinue Jakafi therapy without 
consulting their physician. When discontinuing or interrupting therapy with Jakafi for reasons other than 
thrombocytopenia or neutropenia [see Dosage and Administration (2.5)  in Full Prescribing Information], consider 
tapering the dose of Jakafi gradually rather than discontinuing abruptly. Non-Melanoma Skin Cancer 
Non-melanoma skin cancers including basal cell, squamous cell, and Merkel cell carcinoma have occurred in 
patients treated with Jakafi. Perform periodic skin examinations. Lipid Elevations Treatment with Jakafi has 
been associated with increases in lipid parameters including total cholesterol, low-density lipoprotein (LDL) 
cholesterol, and triglycerides. The effect of these lipid parameter elevations on cardiovascular morbidity and 
mortality has not been determined in patients treated with Jakafi. Assess lipid parameters approximately 8-12 
weeks following initiation of Jakafi therapy. Monitor and treat according to clinical guidelines for the management 
of hyperlipidemia.
ADVERSE REACTIONS The following serious adverse reactions are discussed in greater detail in other 
sections of the labeling: • Thrombocytopenia, Anemia and Neutropenia  [see Warnings and Precautions (5.1) in 
Full Prescribing Information] • Risk of Infection [see Warnings and Precautions (5.2)  in Full Prescribing Information ] 
• Symptom Exacerbation Following Interruption or Discontinuation of Treatment with Jakafi [see Warnings and 
Precautions (5.3) in Full Prescribing Information] • Non-Melanoma Skin Cancer [see Warnings and Precautions 
(5.4) in Full Prescribing Information]. Because clinical trials are conducted under widely varying conditions, 
adverse reaction rates observed in the clinical trials of a drug cannot be directly compared to rates in the clinical 
trials of another drug and may not reflect the rates observed in practice. Clinical Trials Experience in 
Myelofibrosis The safety of Jakafi was assessed in 617 patients in six clinical studies with a median duration 
of follow-up of 10.9 months, including 301 patients with myelofibrosis in two Phase 3 studies. In these two Phase 
3 studies, patients had a median duration of exposure to Jakafi of 9.5 months (range 0.5 to 17 months), with 89% 
of patients treated for more than 6 months and 25% treated for more than 12 months. One hundred and eleven 
(111) patients started treatment at 15 mg twice daily and 190 patients started at 20 mg twice daily. In patients 
starting treatment with 15 mg twice daily (pretreatment platelet counts of 100 to 200 X 109/L) and 20 mg twice 
daily (pretreatment platelet counts greater than 200 X 109/L), 65% and 25% of patients, respectively, required a 
dose reduction below the starting dose within the first 8 weeks of therapy. In a double-blind, randomized, placebo-
controlled study of Jakafi, among the 155 patients treated with Jakafi, the most frequent adverse drug reactions 
were thrombocytopenia and anemia [see Table 2 ]. Thrombocytopenia, anemia and neutropenia are dose related 
effects. The three most frequent non-hematologic adverse reactions were bruising, dizziness and headache [see 
Table 1]. Discontinuation for adverse events, regardless of causality, was observed in 11% of patients treated with 
Jakafi and 11% of patients treated with placebo. Table 1 presents the most common adverse reactions occurring 
in patients who received Jakafi in the double-blind, placebo-controlled study during randomized treatment.

Table 1: Myelofibrosis: Adverse Reactions Occurring in Patients on Jakafi in the Double-blind,  
Placebo-controlled Study During Randomized Treatment

a National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE), version 3.0
b  includes contusion, ecchymosis, hematoma, injection site hematoma, periorbital hematoma, vessel puncture site 

hematoma, increased tendency to bruise, petechiae, purpura
c includes dizziness, postural dizziness, vertigo, balance disorder, Meniere’s Disease, labyrinthitis
d  includes urinary tract infection, cystitis, urosepsis, urinary tract infection bacterial, kidney infection, pyuria, bacteria urine, 

bacteria urine identified, nitrite urine present
e includes weight increased, abnormal weight gain
f includes herpes zoster and post-herpetic neuralgia

Description of Selected Adverse Drug Reactions   Anemia In the two Phase 3 clinical studies, median 
time to onset of first CTCAE Grade 2 or higher anemia was approximately 6 weeks. One patient (<1%)  
discontinued treatment because of anemia. In patients receiving Jakafi, mean decreases in hemoglobin  
reached a nadir of approximately 1.5 to 2.0 g/dL below baseline after 8 to 12 weeks of therapy and then 
gradually recovered to reach a new steady state that was approximately 1.0 g/dL below baseline. This pattern 
was observed in patients regardless of whether they had received transfusions during therapy. In the 
randomized, placebo-controlled study, 60% of patients treated with Jakafi and 38% of patients receiving 
placebo received red blood cell transfusions during randomized treatment. Among transfused patients, the 
median number of units transfused per month was 1.2 in patients treated with Jakafi and 1.7 in placebo treated 
patients. Thrombocytopenia In the two Phase 3 clinical studies, in patients who developed Grade 3 or 4 
thrombocytopenia, the median time to onset was approximately 8 weeks. Thrombocytopenia was generally 
reversible with dose reduction or dose interruption. The median time to recovery of platelet counts above 50 X 
109/L was 14 days. Platelet transfusions were administered to 5% of patients receiving Jakafi and to 4% of 
patients receiving control regimens. Discontinuation of treatment because of thrombocytopenia occurred in 
<1% of patients receiving Jakafi and <1% of patients receiving control regimens. Patients with a platelet count 
of 100 X 109/L to 200 X 109/L before starting Jakafi had a higher frequency of Grade 3 or 4 thrombocytopenia 
compared to patients with a platelet count greater than 200 X 109/L (17% versus 7%). Neutropenia In the two 
Phase 3 clinical studies, 1% of patients reduced or stopped Jakafi because of neutropenia. Table 2 provides the 
frequency and severity of clinical hematology abnormalities reported for patients receiving treatment with Jakafi 
or placebo in the placebo-controlled study.
 
Table 2: Myelofibrosis: Worst Hematology Laboratory Abnormalities in the Placebo-Controlled Studya

Jakafi
(N=155)

Placebo
(N=151)

Laboratory 
Parameter

All Gradesb 
(%)

Grade 3 
(%)

Grade 4 
(%)

All Grades 
(%)

Grade 3 
(%)

Grade 4 
(%)

Thrombocytopenia 70 9 4 31 1 0

Anemia 96 34 11 87 16 3

Neutropenia 19 5 2 4 <1 1
a Presented values are worst Grade values regardless of baseline
b National Cancer Institute Common Terminology Criteria for Adverse Events, version 3.0

Additional Data from the Placebo-controlled Study 25% of patients treated with Jakafi and 7% of 
patients treated with placebo developed newly occurring or worsening Grade 1 abnormalities in alanine 
transaminase (ALT). The incidence of greater than or equal to Grade 2 elevations was 2% for Jakafi with 1% 
Grade 3 and no Grade 4 ALT elevations. 17% of patients treated with Jakafi and 6% of patients treated with 
placebo developed newly occurring or worsening Grade 1 abnormalities in aspartate transaminase (AST). The 
incidence of Grade 2 AST elevations was <1% for Jakafi with no Grade 3 or 4 AST elevations. 17% of patients 
treated with Jakafi and <1% of patients treated with placebo developed newly occurring or worsening Grade 1 
elevations in cholesterol. The incidence of Grade 2 cholesterol elevations was <1% for Jakafi with no Grade 3 or 
4 cholesterol elevations. Clinical Trial Experience in Polycythemia Vera In a randomized, open-label, 
active-controlled study, 110 patients with polycythemia vera resistant to or intolerant of hydroxyurea received 
Jakafi and 111 patients received best available therapy [see Clinical Studies (14.2) in Full Prescribing 
Information]. The most frequent adverse drug reaction was anemia. Table 3 presents the most frequent 
non-hematologic treatment emergent adverse events occurring up to Week 32. Discontinuation for adverse 
events, regardless of causality, was observed in 4% of patients treated with Jakafi.

Jakafi
(N=155)

Placebo
(N=151)

Adverse Reactions
All Gradesa 

(%)
Grade 3 

(%)
Grade 4 

(%)
All Grades 

(%)
Grade 3 

(%)
Grade 4 

(%)

Bruisingb 23 <1 0 15 0 0

Dizzinessc 18 <1 0 7 0 0

Headache 15 0 0 5 0 0

Urinary Tract Infectionsd 9 0 0 5 <1 <1

Weight Gaine 7 <1 0 1 <1 0

Flatulence 5 0 0 <1 0 0

Herpes Zosterf 2 0 0 <1 0 0

Jakafi
(N=110)

Best Available Therapy
(N=111)

Laboratory 
Parameter

All Gradesb 
(%)

Grade 3 
(%)

Grade 4 
(%)

All Grades 
(%)

Grade 3 
(%)

Grade 4 
(%)

Hematology

Anemia 72 <1 <1 58 0 0

Thrombocytopenia 27 5 <1 24 3 <1

Neutropenia 3 0 <1 10 <1 0

Chemistry

Hypercholesterolemia 35 0 0 8 0 0

Elevated ALT 25 <1 0 16 0 0

Elevated AST 23 0 0 23 <1 0

Hypertriglyceridemia 15 0 0 13 0 0

Table 3: Polycythemia Vera: Treatment Emergent Adverse Events Occurring in ≥ 6% of Patients on 
Jakafi in the Open-Label, Active-controlled Study up to Week 32 of Randomized Treatment

a National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE), version 3.0
b includes abdominal pain, abdominal pain lower, and abdominal pain upper
c includes dizziness and vertigo
d includes dyspnea and dyspnea exertional
e includes edema and peripheral edema
f includes herpes zoster and post-herpetic neuralgia

Other clinically important treatment emergent adverse events observed in less than 6% of patients 
treated with Jakafi were: Weight gain, hypertension, and urinary tract infections. Clinically relevant 
laboratory abnormalities are shown in Table 4.

Table 4: Polycythemia Vera: Selected Laboratory Abnormalities in the Open-Label, Active-controlled 
Study up to Week 32 of Randomized Treatmenta

 a Presented values are worst Grade values regardless of baseline
b National Cancer Institute Common Terminology Criteria for Adverse Events, version 3.0

DRUG INTERACTIONS Drugs That Inhibit or Induce Cytochrome P450 Enzymes Ruxolitinib 
is metabolized by CYP3A4 and to a lesser extent by CYP2C9. CYP3A4 inhibitors: The Cmax and AUC of ruxolitinib 
increased 33% and 91%, respectively following concomitant administration with the strong CYP3A4 inhibitor 
ketoconazole in healthy subjects. Concomitant administration with mild or moderate CYP3A4 inhibitors did not 
result in an exposure change requiring intervention [see Pharmacokinetics (12.3)  in Full Prescribing 
Information]. When administering Jakafi with strong CYP3A4 inhibitors, consider dose reduction [see Dosage 
and Administration (2.3)  in Full Prescribing Information]. Fluconazole: The AUC of ruxolitinib is predicted to 
increase by approximately 100% to 300% following concomitant administration with the combined CYP3A4 
and CYP2C9 inhibitor fluconazole at doses of 100 mg to 400 mg once daily, respectively [see Pharmacokinetics 
(12.3)  in Full Prescribing Information]. Avoid the concomitant use of Jakafi with fluconazole doses of greater 
than 200 mg daily [see Dosage and Administration (2.3)  in Full Prescribing Information ]. CYP3A4 inducers: 
The Cmax and AUC of ruxolitinib decreased 32% and 61%, respectively, following concomitant administration 

with the strong CYP3A4 inducer rifampin in healthy subjects. No dose adjustment is recommended; however, 
monitor patients frequently and adjust the Jakafi dose based on safety and efficacy [see Pharmacokinetics 
(12.3)  in Full Prescribing Information].
USE IN SPECIFIC POPULATIONS Pregnancy Pregnancy Category C: Risk Summary There are  
no adequate and well-controlled studies of Jakafi in pregnant women. In embryofetal toxicity studies, treatment 
with ruxolitinib resulted in an increase in late resorptions and reduced fetal weights at maternally toxic doses. 
Jakafi should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 
Animal Data Ruxolitinib was administered orally to pregnant rats or rabbits during the period of organogenesis, 
at doses of 15, 30 or 60 mg/kg/day in rats and 10, 30 or 60 mg/kg/day in rabbits. There was no evidence of 
teratogenicity. However, decreases of approximately 9% in fetal weights were noted in rats at the highest and 
maternally toxic dose of 60 mg/kg/day. This dose results in an exposure (AUC) that is approximately 2 times the 
clinical exposure at the maximum recommended dose of 25 mg twice daily. In rabbits, lower fetal weights of 
approximately 8% and increased late resorptions were noted at the highest and maternally toxic dose of  
60 mg/kg/day. This dose is approximately 7% the clinical exposure at the maximum recommended dose. In a 
pre- and post-natal development study in rats, pregnant animals were dosed with ruxolitinib from implantation 
through lactation at doses up to 30 mg/kg/day. There were no drug-related adverse findings in pups for fertility 
indices or for maternal or embryofetal survival, growth and development parameters at the highest dose 
evaluated (34% the clinical exposure at the maximum recommended dose of 25 mg twice daily). Nursing 
Mothers It is not known whether ruxolitinib is excreted in human milk. Ruxolitinib and/or its metabolites were 
excreted in the milk of lactating rats with a concentration that was 13-fold the maternal plasma. Because many 
drugs are excreted in human milk and because of the potential for serious adverse reactions in nursing infants 
from Jakafi, a decision should be made to discontinue nursing or to discontinue the drug, taking into account 
the importance of the drug to the mother. Pediatric Use The safety and effectiveness of Jakafi in pediatric 
patients have not been established. Geriatric Use Of the total number of patients with myelofibrosis in clinical 
studies with Jakafi, 52% were 65 years and older, while 15% were 75 years and older. No overall differences in 
safety or effectiveness of Jakafi were observed between these patients and younger patients. Renal 
Impairment The safety and pharmacokinetics of single dose Jakafi (25 mg) were evaluated in a study in 
healthy subjects [CrCl 72-164 mL/min (N=8)] and in subjects with mild [CrCl 53-83 mL/min (N=8)], moderate 
[CrCl 38-57 mL/min (N=8)], or severe renal impairment [CrCl 15-51 mL/min (N=8)]. Eight (8) additional 
subjects with end stage renal disease requiring hemodialysis were also enrolled. The pharmacokinetics of 
ruxolitinib was similar in subjects with various degrees of renal impairment and in those with normal renal 
function. However, plasma AUC values of ruxolitinib metabolites increased with increasing severity of renal 
impairment. This was most marked in the subjects with end stage renal disease requiring hemodialysis. The 
change in the pharmacodynamic marker, pSTAT3 inhibition, was consistent with the corresponding increase in 
metabolite exposure. Ruxolitinib is not removed by dialysis; however, the removal of some active metabolites by 
dialysis cannot be ruled out. When administering Jakafi to patients with myelofibrosis and moderate 
(CrCl 30-59 mL/min) or severe renal impairment (CrCl 15-29 mL/min) with a platelet count between 50 X 
109/L and 150 X 109/L, a dose reduction is recommended. A dose reduction is also recommended for patients 
with polycythemia vera and moderate (CrCl 30-59 mL/min) or severe renal impairment (CrCl 15-29 mL/min). In 
all patients with end stage renal disease on dialysis, a dose reduction is recommended [see Dosage and 
Administration (2.4) in Full Prescribing Information]. Hepatic Impairment The safety and pharmacokinetics 
of single dose Jakafi (25 mg) were evaluated in a study in healthy subjects (N=8) and in subjects with mild 
[Child-Pugh A (N=8)], moderate [Child-Pugh B (N=8)], or severe hepatic impairment [Child-Pugh C (N=8)]. The 
mean AUC for ruxolitinib was increased by 87%, 28% and 65%, respectively, in patients with mild, moderate 
and severe hepatic impairment compared to patients with normal hepatic function. The terminal elimination 
half-life was prolonged in patients with hepatic impairment compared to healthy controls (4.1-5.0 hours versus 
2.8 hours). The change in the pharmacodynamic marker, pSTAT3 inhibition, was consistent with the 
corresponding increase in ruxolitinib exposure except in the severe (Child-Pugh C) hepatic impairment cohort 
where the pharmacodynamic activity was more prolonged in some subjects than expected based on plasma 
concentrations of ruxolitinib. When administering Jakafi to patients with myelofibrosis and any degree of 
hepatic impairment and with a platelet count between 50 X 109/L and 150 X 109/L, a dose reduction is 
recommended. A dose reduction is also recommended for patients with polycythemia vera and hepatic 
impairment [see Dosage and Administration (2.4) in Full Prescribing Information ].
OVERDOSAGE There is no known antidote for overdoses with Jakafi. Single doses up to 200 mg have been 
given with acceptable acute tolerability. Higher than recommended repeat doses are associated with increased 
myelosuppression including leukopenia, anemia and thrombocytopenia. Appropriate supportive treatment 
should be given. Hemodialysis is not expected to enhance the elimination of ruxolitinib.

Jakafi
(N=110)

Best Available Therapy
(N=111)

Adverse Events All Gradesa (%) Grade 3-4 (%) All Grades (%) Grade 3-4 (%)

Headache 16 <1 19 <1

Abdominal Painb 15 <1 15 <1

Diarrhea 15 0 7 <1

Dizzinessc 15 0 13 0

Fatigue 15 0 15 3

Pruritus 14 <1 23 4

Dyspnead 13 3 4 0

Muscle Spasms 12 <1 5 0

Nasopharyngitis 9 0 8 0

Constipation 8 0 3 0

Cough 8 0 5 0

Edemae 8 0 7 0

Arthralgia 7 0 6 <1

Asthenia 7 0 11 2

Epistaxis 6 0 3 0

Herpes Zosterf 6 <1 0 0

Nausea 6 0 4 0

Jakafi is a registered trademark of Incyte. All rights reserved.
U.S. Patent Nos. 7598257; 8415362; 8722693; 8822481; 8829013; 9079912
© 2011-2016 Incyte Corporation. All rights reserved.
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BRIEF SUMMARY: For Full Prescribing Information, see package insert.
CONTRAINDICATIONS None.
WARNINGS AND PRECAUTIONS Thrombocytopenia, Anemia and Neutropenia Treatment with 
Jakafi can cause thrombocytopenia, anemia and neutropenia. [see Dosage and Administration (2.1) in Full 
Prescribing Information]. Manage thrombocytopenia by reducing the dose or temporarily interrupting Jakafi. 
Platelet transfusions may be necessary [see Dosage and Administration (2.1.1) and Adverse Reactions (6.1) in  
Full Prescribing Information]. Patients developing anemia may require blood transfusions and/or dose 
modifications of Jakafi. Severe neutropenia (ANC less than 0.5 X 109/L) was generally reversible by withholding 
Jakafi until recovery [see Adverse Reactions (6.1) in Full Prescribing Information]. Perform a pre-treatment 
complete blood count (CBC) and monitor CBCs every 2 to 4 weeks until doses are stabilized, and then as clinically 
indicated. [see Dosage and Administration (2.1.1) and Adverse Reactions (6.1) in Full Prescribing Information ]. 
Risk of Infection Serious bacterial, mycobacterial, fungal and viral infections have occurred. Delay starting 
therapy with Jakafi until active serious infections have resolved. Observe patients receiving Jakafi for signs and 
symptoms of infection and manage promptly. Tuberculosis Tuberculosis infection has been reported in patients 
receiving Jakafi. Observe patients receiving Jakafi for signs and symptoms of active tuberculosis and manage 
promptly. Prior to initiating Jakafi, patients should be evaluated for tuberculosis risk factors, and those at higher 
risk should be tested for latent infection. Risk factors include, but are not limited to, prior residence in or travel to 
countries with a high prevalence of tuberculosis, close contact with a person with active tuberculosis, and a history 
of active or latent tuberculosis where an adequate course of treatment cannot be confirmed. For patients with 
evidence of active or latent tuberculosis, consult a physician with expertise in the treatment of tuberculosis before 
starting Jakafi. The decision to continue Jakafi during treatment of active tuberculosis should be based on the 
overall risk-benefit determination. PML Progressive multifocal leukoencephalopathy (PML) has occurred with 
ruxolitinib treatment for myelofibrosis. If PML is suspected, stop Jakafi and evaluate. Herpes Zoster Advise 
patients about early signs and symptoms of herpes zoster and to seek treatment as early as possible if suspected 
[see Adverse Reactions (6.1) in Full Prescribing Information]. Hepatitis B Hepatitis B viral load (HBV-DNA titer) 
increases, with or without associated elevations in alanine aminotransferase and aspartate aminotransferase, 
have been reported in patients with chronic HBV infections taking Jakafi. The effect of Jakafi on viral replication in 
patients with chronic HBV infection is unknown. Patients with chronic HBV infection should be treated and 
monitored according to clinical guidelines. Symptom Exacerbation Following Interruption or 
Discontinuation of Treatment with Jakafi Following discontinuation of Jakafi, symptoms from 
myeloproliferative neoplasms may return to pretreatment levels over a period of approximately one week. Some 
patients with myelofibrosis have experienced one or more of the following adverse events after discontinuing 
Jakafi: fever, respiratory distress, hypotension, DIC, or multi-organ failure. If one or more of these occur after 
discontinuation of, or while tapering the dose of Jakafi, evaluate for and treat any intercurrent illness and consider 
restarting or increasing the dose of Jakafi. Instruct patients not to interrupt or discontinue Jakafi therapy without 
consulting their physician. When discontinuing or interrupting therapy with Jakafi for reasons other than 
thrombocytopenia or neutropenia [see Dosage and Administration (2.5)  in Full Prescribing Information], consider 
tapering the dose of Jakafi gradually rather than discontinuing abruptly. Non-Melanoma Skin Cancer 
Non-melanoma skin cancers including basal cell, squamous cell, and Merkel cell carcinoma have occurred in 
patients treated with Jakafi. Perform periodic skin examinations. Lipid Elevations Treatment with Jakafi has 
been associated with increases in lipid parameters including total cholesterol, low-density lipoprotein (LDL) 
cholesterol, and triglycerides. The effect of these lipid parameter elevations on cardiovascular morbidity and 
mortality has not been determined in patients treated with Jakafi. Assess lipid parameters approximately 8-12 
weeks following initiation of Jakafi therapy. Monitor and treat according to clinical guidelines for the management 
of hyperlipidemia.
ADVERSE REACTIONS The following serious adverse reactions are discussed in greater detail in other 
sections of the labeling: • Thrombocytopenia, Anemia and Neutropenia  [see Warnings and Precautions (5.1) in 
Full Prescribing Information] • Risk of Infection [see Warnings and Precautions (5.2)  in Full Prescribing Information ] 
• Symptom Exacerbation Following Interruption or Discontinuation of Treatment with Jakafi [see Warnings and 
Precautions (5.3) in Full Prescribing Information] • Non-Melanoma Skin Cancer [see Warnings and Precautions 
(5.4) in Full Prescribing Information]. Because clinical trials are conducted under widely varying conditions, 
adverse reaction rates observed in the clinical trials of a drug cannot be directly compared to rates in the clinical 
trials of another drug and may not reflect the rates observed in practice. Clinical Trials Experience in 
Myelofibrosis The safety of Jakafi was assessed in 617 patients in six clinical studies with a median duration 
of follow-up of 10.9 months, including 301 patients with myelofibrosis in two Phase 3 studies. In these two Phase 
3 studies, patients had a median duration of exposure to Jakafi of 9.5 months (range 0.5 to 17 months), with 89% 
of patients treated for more than 6 months and 25% treated for more than 12 months. One hundred and eleven 
(111) patients started treatment at 15 mg twice daily and 190 patients started at 20 mg twice daily. In patients 
starting treatment with 15 mg twice daily (pretreatment platelet counts of 100 to 200 X 109/L) and 20 mg twice 
daily (pretreatment platelet counts greater than 200 X 109/L), 65% and 25% of patients, respectively, required a 
dose reduction below the starting dose within the first 8 weeks of therapy. In a double-blind, randomized, placebo-
controlled study of Jakafi, among the 155 patients treated with Jakafi, the most frequent adverse drug reactions 
were thrombocytopenia and anemia [see Table 2 ]. Thrombocytopenia, anemia and neutropenia are dose related 
effects. The three most frequent non-hematologic adverse reactions were bruising, dizziness and headache [see 
Table 1]. Discontinuation for adverse events, regardless of causality, was observed in 11% of patients treated with 
Jakafi and 11% of patients treated with placebo. Table 1 presents the most common adverse reactions occurring 
in patients who received Jakafi in the double-blind, placebo-controlled study during randomized treatment.

Table 1: Myelofibrosis: Adverse Reactions Occurring in Patients on Jakafi in the Double-blind,  
Placebo-controlled Study During Randomized Treatment

a National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE), version 3.0
b  includes contusion, ecchymosis, hematoma, injection site hematoma, periorbital hematoma, vessel puncture site 

hematoma, increased tendency to bruise, petechiae, purpura
c includes dizziness, postural dizziness, vertigo, balance disorder, Meniere’s Disease, labyrinthitis
d  includes urinary tract infection, cystitis, urosepsis, urinary tract infection bacterial, kidney infection, pyuria, bacteria urine, 

bacteria urine identified, nitrite urine present
e includes weight increased, abnormal weight gain
f includes herpes zoster and post-herpetic neuralgia

Description of Selected Adverse Drug Reactions   Anemia In the two Phase 3 clinical studies, median 
time to onset of first CTCAE Grade 2 or higher anemia was approximately 6 weeks. One patient (<1%)  
discontinued treatment because of anemia. In patients receiving Jakafi, mean decreases in hemoglobin  
reached a nadir of approximately 1.5 to 2.0 g/dL below baseline after 8 to 12 weeks of therapy and then 
gradually recovered to reach a new steady state that was approximately 1.0 g/dL below baseline. This pattern 
was observed in patients regardless of whether they had received transfusions during therapy. In the 
randomized, placebo-controlled study, 60% of patients treated with Jakafi and 38% of patients receiving 
placebo received red blood cell transfusions during randomized treatment. Among transfused patients, the 
median number of units transfused per month was 1.2 in patients treated with Jakafi and 1.7 in placebo treated 
patients. Thrombocytopenia In the two Phase 3 clinical studies, in patients who developed Grade 3 or 4 
thrombocytopenia, the median time to onset was approximately 8 weeks. Thrombocytopenia was generally 
reversible with dose reduction or dose interruption. The median time to recovery of platelet counts above 50 X 
109/L was 14 days. Platelet transfusions were administered to 5% of patients receiving Jakafi and to 4% of 
patients receiving control regimens. Discontinuation of treatment because of thrombocytopenia occurred in 
<1% of patients receiving Jakafi and <1% of patients receiving control regimens. Patients with a platelet count 
of 100 X 109/L to 200 X 109/L before starting Jakafi had a higher frequency of Grade 3 or 4 thrombocytopenia 
compared to patients with a platelet count greater than 200 X 109/L (17% versus 7%). Neutropenia In the two 
Phase 3 clinical studies, 1% of patients reduced or stopped Jakafi because of neutropenia. Table 2 provides the 
frequency and severity of clinical hematology abnormalities reported for patients receiving treatment with Jakafi 
or placebo in the placebo-controlled study.
 
Table 2: Myelofibrosis: Worst Hematology Laboratory Abnormalities in the Placebo-Controlled Studya

Jakafi
(N=155)

Placebo
(N=151)

Laboratory 
Parameter

All Gradesb 
(%)

Grade 3 
(%)

Grade 4 
(%)

All Grades 
(%)

Grade 3 
(%)

Grade 4 
(%)

Thrombocytopenia 70 9 4 31 1 0

Anemia 96 34 11 87 16 3

Neutropenia 19 5 2 4 <1 1
a Presented values are worst Grade values regardless of baseline
b National Cancer Institute Common Terminology Criteria for Adverse Events, version 3.0

Additional Data from the Placebo-controlled Study 25% of patients treated with Jakafi and 7% of 
patients treated with placebo developed newly occurring or worsening Grade 1 abnormalities in alanine 
transaminase (ALT). The incidence of greater than or equal to Grade 2 elevations was 2% for Jakafi with 1% 
Grade 3 and no Grade 4 ALT elevations. 17% of patients treated with Jakafi and 6% of patients treated with 
placebo developed newly occurring or worsening Grade 1 abnormalities in aspartate transaminase (AST). The 
incidence of Grade 2 AST elevations was <1% for Jakafi with no Grade 3 or 4 AST elevations. 17% of patients 
treated with Jakafi and <1% of patients treated with placebo developed newly occurring or worsening Grade 1 
elevations in cholesterol. The incidence of Grade 2 cholesterol elevations was <1% for Jakafi with no Grade 3 or 
4 cholesterol elevations. Clinical Trial Experience in Polycythemia Vera In a randomized, open-label, 
active-controlled study, 110 patients with polycythemia vera resistant to or intolerant of hydroxyurea received 
Jakafi and 111 patients received best available therapy [see Clinical Studies (14.2) in Full Prescribing 
Information]. The most frequent adverse drug reaction was anemia. Table 3 presents the most frequent 
non-hematologic treatment emergent adverse events occurring up to Week 32. Discontinuation for adverse 
events, regardless of causality, was observed in 4% of patients treated with Jakafi.

Jakafi
(N=155)

Placebo
(N=151)

Adverse Reactions
All Gradesa 

(%)
Grade 3 

(%)
Grade 4 

(%)
All Grades 

(%)
Grade 3 

(%)
Grade 4 

(%)

Bruisingb 23 <1 0 15 0 0

Dizzinessc 18 <1 0 7 0 0

Headache 15 0 0 5 0 0

Urinary Tract Infectionsd 9 0 0 5 <1 <1

Weight Gaine 7 <1 0 1 <1 0

Flatulence 5 0 0 <1 0 0

Herpes Zosterf 2 0 0 <1 0 0

Jakafi
(N=110)

Best Available Therapy
(N=111)

Laboratory 
Parameter

All Gradesb 
(%)

Grade 3 
(%)

Grade 4 
(%)

All Grades 
(%)

Grade 3 
(%)

Grade 4 
(%)

Hematology

Anemia 72 <1 <1 58 0 0

Thrombocytopenia 27 5 <1 24 3 <1

Neutropenia 3 0 <1 10 <1 0

Chemistry

Hypercholesterolemia 35 0 0 8 0 0

Elevated ALT 25 <1 0 16 0 0

Elevated AST 23 0 0 23 <1 0

Hypertriglyceridemia 15 0 0 13 0 0

Table 3: Polycythemia Vera: Treatment Emergent Adverse Events Occurring in ≥ 6% of Patients on 
Jakafi in the Open-Label, Active-controlled Study up to Week 32 of Randomized Treatment

a National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE), version 3.0
b includes abdominal pain, abdominal pain lower, and abdominal pain upper
c includes dizziness and vertigo
d includes dyspnea and dyspnea exertional
e includes edema and peripheral edema
f includes herpes zoster and post-herpetic neuralgia

Other clinically important treatment emergent adverse events observed in less than 6% of patients 
treated with Jakafi were: Weight gain, hypertension, and urinary tract infections. Clinically relevant 
laboratory abnormalities are shown in Table 4.

Table 4: Polycythemia Vera: Selected Laboratory Abnormalities in the Open-Label, Active-controlled 
Study up to Week 32 of Randomized Treatmenta

 a Presented values are worst Grade values regardless of baseline
b National Cancer Institute Common Terminology Criteria for Adverse Events, version 3.0

DRUG INTERACTIONS Drugs That Inhibit or Induce Cytochrome P450 Enzymes Ruxolitinib 
is metabolized by CYP3A4 and to a lesser extent by CYP2C9. CYP3A4 inhibitors: The Cmax and AUC of ruxolitinib 
increased 33% and 91%, respectively following concomitant administration with the strong CYP3A4 inhibitor 
ketoconazole in healthy subjects. Concomitant administration with mild or moderate CYP3A4 inhibitors did not 
result in an exposure change requiring intervention [see Pharmacokinetics (12.3)  in Full Prescribing 
Information]. When administering Jakafi with strong CYP3A4 inhibitors, consider dose reduction [see Dosage 
and Administration (2.3)  in Full Prescribing Information]. Fluconazole: The AUC of ruxolitinib is predicted to 
increase by approximately 100% to 300% following concomitant administration with the combined CYP3A4 
and CYP2C9 inhibitor fluconazole at doses of 100 mg to 400 mg once daily, respectively [see Pharmacokinetics 
(12.3)  in Full Prescribing Information]. Avoid the concomitant use of Jakafi with fluconazole doses of greater 
than 200 mg daily [see Dosage and Administration (2.3)  in Full Prescribing Information ]. CYP3A4 inducers: 
The Cmax and AUC of ruxolitinib decreased 32% and 61%, respectively, following concomitant administration 

with the strong CYP3A4 inducer rifampin in healthy subjects. No dose adjustment is recommended; however, 
monitor patients frequently and adjust the Jakafi dose based on safety and efficacy [see Pharmacokinetics 
(12.3)  in Full Prescribing Information].
USE IN SPECIFIC POPULATIONS Pregnancy Pregnancy Category C: Risk Summary There are  
no adequate and well-controlled studies of Jakafi in pregnant women. In embryofetal toxicity studies, treatment 
with ruxolitinib resulted in an increase in late resorptions and reduced fetal weights at maternally toxic doses. 
Jakafi should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 
Animal Data Ruxolitinib was administered orally to pregnant rats or rabbits during the period of organogenesis, 
at doses of 15, 30 or 60 mg/kg/day in rats and 10, 30 or 60 mg/kg/day in rabbits. There was no evidence of 
teratogenicity. However, decreases of approximately 9% in fetal weights were noted in rats at the highest and 
maternally toxic dose of 60 mg/kg/day. This dose results in an exposure (AUC) that is approximately 2 times the 
clinical exposure at the maximum recommended dose of 25 mg twice daily. In rabbits, lower fetal weights of 
approximately 8% and increased late resorptions were noted at the highest and maternally toxic dose of  
60 mg/kg/day. This dose is approximately 7% the clinical exposure at the maximum recommended dose. In a 
pre- and post-natal development study in rats, pregnant animals were dosed with ruxolitinib from implantation 
through lactation at doses up to 30 mg/kg/day. There were no drug-related adverse findings in pups for fertility 
indices or for maternal or embryofetal survival, growth and development parameters at the highest dose 
evaluated (34% the clinical exposure at the maximum recommended dose of 25 mg twice daily). Nursing 
Mothers It is not known whether ruxolitinib is excreted in human milk. Ruxolitinib and/or its metabolites were 
excreted in the milk of lactating rats with a concentration that was 13-fold the maternal plasma. Because many 
drugs are excreted in human milk and because of the potential for serious adverse reactions in nursing infants 
from Jakafi, a decision should be made to discontinue nursing or to discontinue the drug, taking into account 
the importance of the drug to the mother. Pediatric Use The safety and effectiveness of Jakafi in pediatric 
patients have not been established. Geriatric Use Of the total number of patients with myelofibrosis in clinical 
studies with Jakafi, 52% were 65 years and older, while 15% were 75 years and older. No overall differences in 
safety or effectiveness of Jakafi were observed between these patients and younger patients. Renal 
Impairment The safety and pharmacokinetics of single dose Jakafi (25 mg) were evaluated in a study in 
healthy subjects [CrCl 72-164 mL/min (N=8)] and in subjects with mild [CrCl 53-83 mL/min (N=8)], moderate 
[CrCl 38-57 mL/min (N=8)], or severe renal impairment [CrCl 15-51 mL/min (N=8)]. Eight (8) additional 
subjects with end stage renal disease requiring hemodialysis were also enrolled. The pharmacokinetics of 
ruxolitinib was similar in subjects with various degrees of renal impairment and in those with normal renal 
function. However, plasma AUC values of ruxolitinib metabolites increased with increasing severity of renal 
impairment. This was most marked in the subjects with end stage renal disease requiring hemodialysis. The 
change in the pharmacodynamic marker, pSTAT3 inhibition, was consistent with the corresponding increase in 
metabolite exposure. Ruxolitinib is not removed by dialysis; however, the removal of some active metabolites by 
dialysis cannot be ruled out. When administering Jakafi to patients with myelofibrosis and moderate 
(CrCl 30-59 mL/min) or severe renal impairment (CrCl 15-29 mL/min) with a platelet count between 50 X 
109/L and 150 X 109/L, a dose reduction is recommended. A dose reduction is also recommended for patients 
with polycythemia vera and moderate (CrCl 30-59 mL/min) or severe renal impairment (CrCl 15-29 mL/min). In 
all patients with end stage renal disease on dialysis, a dose reduction is recommended [see Dosage and 
Administration (2.4) in Full Prescribing Information]. Hepatic Impairment The safety and pharmacokinetics 
of single dose Jakafi (25 mg) were evaluated in a study in healthy subjects (N=8) and in subjects with mild 
[Child-Pugh A (N=8)], moderate [Child-Pugh B (N=8)], or severe hepatic impairment [Child-Pugh C (N=8)]. The 
mean AUC for ruxolitinib was increased by 87%, 28% and 65%, respectively, in patients with mild, moderate 
and severe hepatic impairment compared to patients with normal hepatic function. The terminal elimination 
half-life was prolonged in patients with hepatic impairment compared to healthy controls (4.1-5.0 hours versus 
2.8 hours). The change in the pharmacodynamic marker, pSTAT3 inhibition, was consistent with the 
corresponding increase in ruxolitinib exposure except in the severe (Child-Pugh C) hepatic impairment cohort 
where the pharmacodynamic activity was more prolonged in some subjects than expected based on plasma 
concentrations of ruxolitinib. When administering Jakafi to patients with myelofibrosis and any degree of 
hepatic impairment and with a platelet count between 50 X 109/L and 150 X 109/L, a dose reduction is 
recommended. A dose reduction is also recommended for patients with polycythemia vera and hepatic 
impairment [see Dosage and Administration (2.4) in Full Prescribing Information ].
OVERDOSAGE There is no known antidote for overdoses with Jakafi. Single doses up to 200 mg have been 
given with acceptable acute tolerability. Higher than recommended repeat doses are associated with increased 
myelosuppression including leukopenia, anemia and thrombocytopenia. Appropriate supportive treatment 
should be given. Hemodialysis is not expected to enhance the elimination of ruxolitinib.

Jakafi
(N=110)

Best Available Therapy
(N=111)

Adverse Events All Gradesa (%) Grade 3-4 (%) All Grades (%) Grade 3-4 (%)

Headache 16 <1 19 <1

Abdominal Painb 15 <1 15 <1

Diarrhea 15 0 7 <1

Dizzinessc 15 0 13 0

Fatigue 15 0 15 3

Pruritus 14 <1 23 4

Dyspnead 13 3 4 0

Muscle Spasms 12 <1 5 0

Nasopharyngitis 9 0 8 0

Constipation 8 0 3 0

Cough 8 0 5 0

Edemae 8 0 7 0

Arthralgia 7 0 6 <1

Asthenia 7 0 11 2

Epistaxis 6 0 3 0

Herpes Zosterf 6 <1 0 0

Nausea 6 0 4 0

Jakafi is a registered trademark of Incyte. All rights reserved.
U.S. Patent Nos. 7598257; 8415362; 8722693; 8822481; 8829013; 9079912
© 2011-2016 Incyte Corporation. All rights reserved.
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PSORIASIS, THE MOST COMMON AUTO-
immune disease, affects 2 to 3 percent of the adult 
population (7.5 million in the United States).1 Forty 
percent of those affected have a positive family his-
tory, and there is significant genetic overlap with 
inflammatory bowel disease. Psoriasis affects ap-
proximately 3.6 percent of Caucasians and 1.9 per-
cent of African Americans, who are more likely to 
have moderate to severe disease.1 

Psoriasis can present at virtually any age, but there 
are two peak age groups for presentation - 20 to 30 
and 50 to 60 years. There are various types of psori-
asis including plaque, pustular, inverse, erythroder-
mic, and guttate. Plaque psoriasis represents about 
85 to 90 percent of the cases. Two-thirds of patients 
with plaque psoriasis have mild to moderate disease 
and one- third have a more severe presentation.

Psoriasis appears to be caused by localized and 
systemic inflammation caused by defects in T cell 
regulation. There is upregulation of Th-1 and Th-

17 cells, antigen presenting cells, and cytokines. It 
is associated with increased C reactive protein and 
other markers of inflammation. The result is epider-
mal hyperproliferation that is clinically appreciated 
as scaling and cracking. Psoriasis is associated with 
elevated uric acid, oxidative stress, and angiogen-
esis from increased circulating vascular endothelial 
growth factor (VEGF). 

Several immunologic factors are known to occur 
in psoriasis. There is a significant reduction in the 
number and percentage of CD4+ T cells in the pe-
ripheral blood, whereas they are found throughout 
the skin lesions. Dendritic cells present an unknown 
antigen to CD4+ cells within the skin, leading to 
T cell activation. Fibroblasts have an increased pro-
liferative activity and the capability to secrete in-
creased amounts of interleukin one (IL-1), IL-6, and 
platelet-derived growth factors and increased levels 
of leukotriene B4.

Psoriasis is not just a skin disease but is a systemic 

Summary
The landscape for treating psoriasis has changed dramatically with the introduc-
tion of biologic and nonbiologic agents which are effective for moderate to severe 
psoriasis but have high annual costs.   In part, because of these newer agents, the 
cost of treating psoriasis has the attention of many managed care plans.  Payers are 
implementing different strategies to contain costs of psoriasis treatment. 

Key Points
•	 Those with moderate to severe psoriasis have higher health care costs and utilization.
•	 Treatment selection should be based on disease severity. 
•	 Managed care uses many strategies to control costs for psoriasis treatment.

Psoriasis:  Changing Approaches to the 
Treatment of Moderate to Severe Disease

The Payer’s Perspective
Gary M. Owens, MD

For a CME/CNE version of this article, please go to www.namcp.org/cmeonline.htm, and then click the activity title.
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inflammatory disease. Because of increased inflam-
mation, psoriasis patients are more likely to have as-
sociated comorbidities, including cardiovascular dis-
ease, psoriatic arthritis, depression, obesity, diabetes, 
hypertension, and cancer. Someone with psoriasis is 
58 percent more likely to have a major cardiac event 
and 43 percent more likely to have a cerebrovascular 
vascular accident.2 Patients with moderate to severe 
psoriasis incur significantly higher health care utili-
zation and higher health care costs compared with 
those with mild disease (Exhibit 1).3 

Goals of therapy include gaining initial rapid con-
trol of the disease, maintaining the patient in long-
term remission and avoiding relapse, avoiding ad-
verse effects as much as possible, and improving the 
patient’s quality of life. Patients present with a broad 
spectrum of symptoms and severity. A variety of 
treatment options are available and must be tailored 
to the patient needs.

Traditional treatment followed a stepwise pro-
gression. Patients had to fail the prior step of therapy 
before moving onto more aggressive therapy. In one 
patient survey study, 46 percent of people felt that 
psoriasis therapies were worse than the disease it-
self.4 Eighty-five percent felt that there is a real need 
for additional therapies. Therapy has moved to se-
verity-based treatment (Exhibit 2).5 

Several new agents for psoriasis have been ap-
proved in recent years. One nonbiologic systemic 
therapy, apremilast (Otezla®) is an oral agent FDA 
approved for treatment of moderate to severe plaque 
psoriasis and active psoriatic arthritis. This agent 

is a phosphodiesterase-4 (PDE4) inhibitor that 
reduces inflammation. Treatment with this agent 
results in 33 percent of patients achieving a 75 per-
cent reduction in their Psoriasis Area and Severity 
Index score (PASI-75) compared with a 5 percent 
response with placebo.6

Biologics have revolutionized the treatment of 
moderate to severe plaque psoriasis. Those approved 
include etanercept (Enbrel®), adalimumab (Humi-
ra®), infliximab (Remicade®), ustekinumab (Ste-
lara®), secukinumab (Cosentyx®), and ixekizumab 
(Taltz®). All of these, except infliximab, are given as 
subcutaneous injections with varying dosing sched-
ules. Infliximab is given as an intravenous infusion. 
All of the biologics significantly improve the PASI-
75 score in short-term trials.

Etanercept, adalimumab, infliximab are all anti-
tumor necrosis factor (TNF) agents. Ustekinumab is 
an anti-IL-12 and 23 agent. Secukinumab, an anti- 
IL-17A agent, is one of the two newest agents. In 
trials, it has produced superior results to etanercept 
and ustekinumab.7 A second anti- IL-17A agent, ix-
ekizumab, was approved in early 2016 and was also 
shown superior to etanercept.8  

In general, specialty drug management, which 
includes the biologics, is posing multiple challenges 
to managed care (Exhibit 3).9 Treatment of inflam-
matory conditions including psoriasis is the larg-
est category of specialty spending. According to 
Express Scripts, in 2015, inflammatory conditions 
were the most expensive specialty therapy class for 
the seventh year in a row.10 The per-member-per-

Exhibit 1: Health Resource Utilization3
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year (PMPY) spend was $89.10 in 2015, up 14.7 
percent from 2014.

In treating psoriasis, it is still about the right 
therapy for the right patient while being fiscally re-
sponsible. Management strategies to control psoria-
sis costs include step therapy through nonbiological 
immune-modifiers before biologicals, prior autho-
rization of biological agents, preferred biological 
agents, limiting prescribing of biologicals to ap-
propriate specialists, guideline-based management, 
and managing site of service. Other payer strategies 
in 2016 and beyond include newer benefit designs, 
multiple tiers of specialty benefit, consideration 

of the emerging biosimilar marketplace, specialty 
specific formularies, and alignment of patient in-
centives. And things will get more complicated as 
more agents are approved.

There are numerous additional biologic agents in 
the pipeline for psoriasis treatment. Some include 
brodalumab, an IL-17 blocker; guselkumab, an 
anti-IL-23p19; tildrakizumab, an anti-IL-23p19; 
and risankizumab, an anti-IL-23. Brodalumab was 
recommended for FDA approval in July 2016 by 
the Dermatologic and Ophthalmic Drugs Advisory 
Committee; however, at the time of this writing, it 
has not yet been FDA approved. It binds to the in-

Exhibit 3: Specialty Drug Management is Posing Multiple Challenges for Health Plans9
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Exhibit 2: Severity-Based Treatment5
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terleukin-17 (IL-17) receptor and inhibits inflam-
matory signaling by blocking the binding of several 
types of IL-17 to the receptor. By stopping IL-17 
from activating the receptor, brodalumab prevents 
the body from receiving signals that may lead to 
inflammation. The IL-17 pathway plays a central 
role in inducing and promoting inflammatory dis-
ease processes.

   
Conclusion
Those with moderate to severe psoriasis have higher 
health care costs and utilization. To cost effectively 
manage those with significant disease, treatment 
selection should be based on disease severity rather 
than force patients through a stepped approach. Be-
cause of the cost of the newer agents for moderate to 
severe disease, managed care has implemented many 
strategies to control costs for psoriasis treatment. 
Additional biologics are on the horizon which will 
continue to be costly.

Gary M. Owens, MD, is President of Gary Owens Associates.
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IN THE LAST 45 YEARS, THERE HAS BEEN A 
significant decline in deaths from many diseases, in-
cluding some cancers.1 Unfortunately, the same can-
not be said for deaths related to smoking.  Although 
not all are attributable to smoking, there are more 
than 220,000 new cases of lung cancer annually and 
over 158,000 deaths.2 Lung cancer accounts for 28 
percent of all deaths from cancer. Forty-eight per-
cent of new lung cancer cases are in women. 

Overall, there have been some minor improve-
ments in five-year survival for lung cancer. It has 
increased from 12 percent in 1975 to 1977 to 18 per-
cent in 2004 to 2010.2 Although Stage IV lung can-
cer cannot be cured, improvements have been made 
in survival even for this advanced disease stage. With 
new targeted treatments, median survival for Stage 
IV has increased from four to five months with no 
treatment to 24 months with targeted therapy.

The landscape of Stage IV treatment has been 
changing since the early 2000s. The treatment of 
lung cancer, like many other cancers, began chang-

ing with the identification of genetic mutations in 
tumors. Prior to this, lung cancer was simply divided 
by histology as small cell or non-small cell lung can-
cer (NSCLC). NSCLC includes adenocarcinoma, 
squamous cell, and large cell. Precision cancer medi-
cine, or personalized medicine, is treatment planning 
based on detection of tumor growth and survival 

Summary
The field of personalized therapy in advanced non-small lung cancer (NSCLC) con-
tinues to expand.  There are now treatments targeting specific genetic mutations 
and therapies to activate the immune system against the tumor.  Each of these 
types of therapies are helping to improve survival in advanced disease.  

Key Points
•	Next-generation sequencing should be used to identify driver mutations in 	  
	 NSCLC.
•	Targeted therapy and immune checkpoint therapy are both improving survival in  
	 Stage IV NSCLC.
•	Liquid biopsy for identifying genetic mutations is on the horizon.

Personalizing Therapy in Advanced NSCLC
James R. Jett, MD 

For a CME/CNE version of this article, please go to www.namcp.org/cmeonline.htm, and then click the activity title.
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ALK = anaplastic lymphoma kinase
BRAF = v-Raf murine sarcoma viral oncogene homolog B 
DDR2 = discoidin domain-containing receptor tyrosine kinase 2
EGFR = epidermal growth factor receptor 
ERBB2 = erb-b2 receptor tyrosine kinase 2
FGFR/FGF = fibroblast growth factor receptor/fibroblast growth 
factor
HER = human epidermal growth factor receptor
KRAS = V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog 
MEK1 = mitogen-activated protein kinase
MET = MET proto-oncogene, receptor tyrosine kinase
NRAS = neuroblastoma RAS viral oncogene homolog
PDGFRA = platelet  derived growth factor receptor alpha 
PIK3CA = phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic 
subunit alpha
RET = RET proto-oncogene
ROS1 = proto-oncogene tyrosine-protein kinase ROS
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driver mutations. Driver mutations confer growth 
advantage and are causal to cancer development ver-
sus passenger mutation which are biologically neutral 
with no growth advantage. Driver mutations occur 
in genes that encode signal proteins critical for cellu-
lar proliferation and survival. Most driver mutations 
have been identified in adenocarcinomas.

In a landmark publication, the Lung Cancer Mu-
tation Consortium found that 25 percent of ad-
enocarcinomas had KRAS mutations (Exhibit 1).3 
Unfortunately, there are no approved treatments yet 
targeting KRAS mutations. EGFR, ALK, ROS1, 
and MET mutations are the ones which have cur-
rent approved targeted therapies. Therapy is being 
developed to target many of these known mutations.

Targeted therapy has made a significant difference 
in survival. In one database, presence of a driver 
mutation and targeted therapy led to a longer me-
dian survival (3.5 years) compared with those who 
did not have a driver mutation (2.1 years) and those 
with driver mutation who did not receive targeted 
therapy (2.4 years).3 

According the National Comprehensive Cancer 
Network (NCCN) guidelines, optimal genetic test-
ing in lung cancer before treatment should include 
testing for at least the top eight mutations - EGFR, 
KRAS, ALK, ROS1, RET, MET, BRAF, and 
HER2. EGFR mutations are estimated to occur in 
18,000 cases in the United States (U.S.) per year 
and ALK mutation in 9,000. Likely because of re-
imbursement issues, in clinical practice, testing is 
done for the top four and when those come back 

negative, the limited amount of tissue available is 
sent for additional testing. 

Next-generation sequencing (NGS) can test for 
300 or so genes at one time using one sample. Cut-
ting-edge institutions are doing NGS with their 
lung cancer biopsy samples; however, everyone 
should be doing NGS. In one trial, it was found that 
26 percent of patients had a treatable mutation that 
was only detected by NGS and another 39 percent 
had a mutation for which there were effective agents 
or trials ongoing in which they could be enrolled.4 

Before targeted therapy, chemotherapy was the 
front-line treatment for adenocarcinoma. If an 
EGFR mutation is present, targeted therapy is supe-
rior to chemotherapy for progression-free survival 
(PFS). Tyrosine kinase inhibitors (TKIs, erlotinib, 
gefitinib) are now first-line therapy for Stage IV 
adenocarcinoma that has activating mutations. The 
five-year survival for EGFR mutation-positive dis-
ease treated with a TKI is 14.6 percent and median 
overall survival is 30.9 months.5 

After about a year of therapy with an EGFR tar-
geting TKI, the tumor will develop resistance to 
therapy. The most common mechanism in tumors 
that started with an EGFR mutation is develop-
ment of a T790M mutation. This mutation occurs 
in about 60 percent of those who develop resis-
tance to an EGFR TKI.6 Agents are being devel-
oped specifically to target this mutation and one 
has made it to market. Osimertinib (Tagrisso®) 
leads to 2.8 months benefit in PFS in those with 
T790M mutation.7 

Exhibit 1: Lung Cancer Mutation Consortium: Incidence of Drive3
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The second most common mutation in adenocarci-
noma is ALK rearrangements. Crizotinib (Xalkori®) 
targets the ALK mutation. Response to this agent 
tends to be dramatic and occurs within a few weeks 
of starting therapy. Unfortunately, resistance devel-
ops in nine to 12 months. Second-line ALK inhibi-
tors include ceritinib (Zykadia®) and alectinib (Ale-
censa®). About 50 percent of patients will respond to 
second-line therapy. Alectinib penetrates the central 
nervous system (CNS) much better than crizotinib 
and provides great CNS response rates.8 Although 
not FDA approved as first-line therapy, clinicians 
will likely be choosing it first in patients who present 
with CNS metastases. Brigatinib is another second-
line ALK targeting agent, and it was granted orphan 
drug designatin by the FDA in May 2016. Lorlatinib 
is an investigational, third-generation agent. All of 
the agents that work for ALK-positive lung cancer 
are also effective for MET and ROS1 mutations.

Clinicians are now doing sequential therapy for 
patients with ALK rearrangements – a patient is 
treated with one agent until resistance occurs and 
then a different agent is started. Because tumors are 
constantly changing, patients can be cycled back to 
an agent previously used and have a tumor response. 
With sequential targeted therapy, some types of lung 
cancer are becoming a chronic disease.9 

MET exon 14 skipping mutations are recently 
recognized mutations found in some lung cancers. 
Additionally, there are gain of function alterations 

in MET that include gene amplification and protein 
over expression. The overall incidence of MET mu-
tations is 3 percent in squamous cell and 8 percent 
in adenocarcinoma. Four percent of adenocarcino-
mas have MET exon 14 skipping mutations. Identi-
fication of these mutations requires NGS. An early 
report found effectiveness with crizotinib and car-
bozantinib (investigational) in those with exon 14 
skipping mutation.10 

  Although the focus of targeted therapy in NSCLC 
has been on adenocarcinomas, research is underway 
for targeted therapy in squamous cell disease. Ex-
hibit 2 illustrates the potential targets in squamous 
cell lung cancer.  The early results of targeted thera-
py in squamous disease have not been as exciting as 
results in adenocarcinoma.  There is now an EGFR 
targeted monoclonal antibody, necitumumab (Por-
trazza®), approved as first-line therapy in Stage IV 
squamous disease. This agent produces a 1.6 month 
improvement in median survival.11 

The immune checkpoint agents are the hottest 
class of agents in oncology. Essentially these agents 
activate the immune system to attack tumors by 
activating T cells. Nivolumab (Opdivo®), an anti-
programed death-1 (PD-1) agent, is approved as sec-
ond-line therapy in advanced NSCLC. This agent 
improved one-year survival by 18 percent.12 Even in 
heavily treated patients, there are a group of patients 
who respond long term to nivolumab and clinicians 
are finding that patients can even go off of therapy 

Exhibit 2: Squamous Cell Cancer: Potential Targets
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for several years and still maintain response.13  Pem-
brolizumab (Keytruda®), another anti PD-1 agent, 
is approved for second-line therapy in advanced 
NSCLC without sensitizing mutations.14 There are 
a large number of other immune checkpoint agents 
under investigation for lung cancer.

Additional ways to identify genetic mutations in 
various cancers are also under investigation. The 
majority of testing failures for genetic testing are 
due to insufficient tumor tissue in a biopsy sample. 
Liquid biopsy is a way to overcome the need for tis-
sue biopsy and the related risks such as lung collapse. 
Tumor cells release free DNA into the blood. Blood 
samples can identify both genetic and epigenetic ab-
errations of cancers and can be used to systematically 
track genomic changes in the tumor over time. Early 
trials are finding decent sensitivity, specificity, and 
positive predictive value.15 This type of noninvasive 
testing is likely to be widely adopted in the future.

Conclusion
Improvements in survival for Stage IV NSCLC con-
tinue to be made with development of additional tar-
geted therapies. Next-generation sequencing should 
be used initially to identify as many genetic muta-
tions in lung cancer biopsies as possible. Additional 
therapies such as check point agents are producing 
exciting results in those with advanced disease. 

James R. Jett, MD, is Professor of Medicine Emeritus at National Jew-

ish Health and Chief Medical Officer of Oncimmune LLC.
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MULTIPLE MYELOMA (MM) IS A CANCER OF 
the plasma cell characterized by excessive numbers 
of abnormal plasma cells in the bone marrow. In 
2016, 30,330 new myeloma cases and 12,650 deaths 
were predicted.1,2 Myeloma accounts for 1 percent of 
all cancer cases but 2 percent of deaths. The median 
age at diagnosis is 69 years and median age of death 
is 75 years.2 

Prognosis has significantly improved, with me-
dian survival estimated between seven to 10 years 
with use of the newer therapies and myeloma specif-
ic care.  The five-year survival rate is 48.5 percent.2 
The pool of patients with MM is increasing because 
patients are living longer with the disease.  There 
are approximately 300,000 with MM currently in 
the United States, and this number is expected to 
double in the next five years

Multiple myeloma is sensitive to treatment, but 
curable only in a small subset of patients. Progres-

sion is inevitable, requiring multiple lines of therapy.  
All patients will need salvage therapies eventually.

There is controversy over early treatment of MM 
versus waiting for symptoms to develop.  The old-
er treatments were much more toxic, whereas the 
newer treatments are better tolerated.  It is now rec-
ommended that patients with high risk for conver-
sion to symptomatic myeloma be treated early.

After successful first-line therapy, most patients 
with MM will eventually have a relapse.  Exhibit 
1 outlines the current treatment approach to re-
lapsed/refractory MM.3,4 Novel agents for MM 
include immunomodulators [lenalidomide (Rev-
limid®), pomalidomide (Pomalyst®), daratumumab 
(Darzalex®), elotuzumab (Empliciti®), panobino-
stat (Farydak®)] and proteasome inhibitors [bort-
ezomib (Velcade®), carfilzomib (Kyprolis®), ixazo-
mib (Ninlaro®)].  These agents are used in various 
combinations with and without dexamethasone, 

Summary
Advances in targeted therapies are leading to prolonged survival, even in relapsed/
refractory multiple myeloma.  Numerous agents are now available so that patients 
can be treated with multiple lines of therapy. Yet to be determined are the optimal 
order in which targeted agents should be used in this disease.

Key Points
•	 Novel targeted therapies include agents targeted to cell surface receptors, his- 
	 tone deacetylase, and cell-signaling inhibitors.  
•	 Novel agents are improving the survival of patients with relapsed/refractory MM.

Recent Advances in the Treatment and 
Management of Relapsed/Refractory Multiple 

Myeloma
Ajay Nooka, MD, MPH 

For a CME/CNE version of this article, please go to www.namcp.org/cmeonline.htm, and then click the activity title.
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which by itself has some efficacy against myeloma 
cells. Other treatment options include chemother-
apy, novel agents in combination with chemother-
apy combinations, allogeneic stem cell transplant 
(SCT), salvage autologous stem cell transplant, and 
clinical trials. In patients who may be candidates 
for stem cell transplants, exposure to myelotoxic 
agents has to be limited to avoid compromising 
stem cell reserve. 

The recommended treatment regimens for re-
lapsed/refractory disease vary depending on prior 
treatments and patient factors (Exhibits 1 and 2).3,4 
Primary therapy can be repeated if relapse oc-
curred longer than six months since completion 
and there are no other contraindications. There 
are now numerous agents indicated for relapsed/

refractory disease, so a patient can be treated with 
multiple lines of therapy.

 Bortezomib has been the proteasome inhibi-
tor of first choice, but subsequent lines of therapy 
include the other two newer agents – carfilzomib 
and ixazomib. Carfilzomib, a selective irreversible 
proteasome inhibitor, is approved for treatment of 
relapsed/refractory MM.  Given intravenously, it 
resulted in a 23.7 percent overall response rate in 
a heavily pretreated population.5 The response lasts 
a median of 3.7 months with overall survival (OS) 
of 15.6 months. The major distinction from bort-
ezomib, a reversible proteasome inhibitor, is a lower 
rate of peripheral neuropathy.  

Ixazomib (Ninlaro®), the first oral proteasome in-
hibitor, is indicated in combination with lenalido-

Exhibit 1: Treatment Options for Relapsed/Refractory  Myeloma3,4
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mide and dexamethasone for the treatment of pa-
tients with multiple myeloma who have received at 
least one prior therapy. This agent is a once-weekly 
pill.  It was approved based on data showing pro-
gression-free survival (PFS) benefits of 4.5 months.  
At a median follow-up of approximately 23 months, 
the median overall survival had not been reached 
in either study group (ixazomib or placebo), and 
follow-up is ongoing.6

Lenalidomide has been the initial choice for im-
munomodulation, but there are now several other 
agents which can be used in those who have pro-
gressed on lenalidomide.  Pomalidomide, an im-
munomodulatory lenalidomide analogue, is indi-
cated for patients with MM who have received at 
least two prior therapies including lenalidomide and 
bortezomib and have demonstrated disease progres-
sion on therapy or within 60 days of completion 
of the last therapy. When studied in a heavily pre-
treated population, 31 percent of patients achieved 
an overall response rate with pomalidomide in 
combination with dexamethasone and PFS was four 
months compared with 1.9 months for dexametha-
sone alone.7  Overall survival was also longer with 
the combination (12.7 vs 8.1 months). 

Daratumumab is the first monoclonal antibody 
approved for treating MM and is an antibody 
against CD38 protein expressed on MM cells. It is 
FDA approved for use in those who have received at 

least three prior lines of therapy including a protea-
some inhibitor and an immunomodulatory agent or 
who are double refractory to combination of those 
two types of agents. Median PFS and OS was 4.0 
months and 20.1 months, respectively, with daratu-
mumab treatment.8 

Elotuzumab is a monoclonal antibody directed 
against cell surface 1 (CS1), a member of the signaling 
lymphocyte activation molecule family (SLAMF). 
CS1 is present on MM cells in more than 95 percent 
of patients with primary MM.  The mechanism of 
action of this agent appears to antibody dependent 
cellular cytotoxicity mediated by natural killer cells.  
It is approved in combination with lenalidomide and 
dexamethasone for the treatment of patients with 
MM who have received one to three prior therapies. 
The median PFS in the elotuzumab-containing arm 
was 19.4 months and 14.9 months in the lenalido-
mide plus dexamethasone alone arm.9 

 Panobinostat, the first approved histone deacety-
lase (HDAC) inhibitor, is given orally.  It appears to 
slow the over-development of plasma cells in MM 
or cause these cells to die. It is indicated for use 
in combination with bortezomib and dexametha-
sone for those who have received at least two prior 
regimens, including bortezomib and an immuno-
modulatory agent. Median overall survival was 40.3 
months in those who received panobinostat, bort-
ezomib, and dexamethasone versus 35.8 months in 

Exhibit 2: Determinants of Choice of Therapy at Relapse3
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those who received placebo, bortezomib, and dexa-
methasone.10 This agent has a boxed warning about 
severe diarrhea and severe and fatal cardiac events 
including arrhythmias.

Despite major advances and newer options, clini-
cians face many challenges in optimizing therapy in 
MM. One issue is how to sequence the available regi-
mens.  Clinicians need to better understand how to 
tailor therapy to minimize toxicity yet retain efficacy, 
especially in heavily pretreated patients. Currently, 
there are no biomarkers for therapy personalization 
to maximize benefit from a given agent, but these 
will likely be available in the near future. There are 
numerous other agents under investigation for MM 
which target other cell surface receptors and proteins.

     
Conclusion
Novel agents in combination can achieve prolonged 
responses even in relapsed/refractory disease. Nov-
el targeted therapies include agents targeted to cell 
surface receptors, HDAC inhibitors, cell-signaling 
inhibitors, and others.  Novel agents are improv-
ing the survival of patients with relapsed/refractory 
MM; however, there are still issues to be resolved.

Ajay Nooka, MD, MPH, is an Assistant Professor in the Division of 

Bone Marrow Transplant at the Winship Cancer Institute of Emory Uni-

versity in Atlanta, GA.
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THERE IS A TREMENDOUS BURDEN OF 
hepatitis C virus infection (HCV) in the United 
States (U.S.). The true prevalence of HCV is un-
known, but there are thought to be over five mil-
lion people chronically infected (Exhibit 1).1-3 Only 
about 25 percent of those with chronic infection 
have been diagnosed and, even worse, only 7 to 11 
percent get treated.

The majority of people who get infected with 
HCV acutely will develop chronic HCV (75-85%). 
Sixty to 70 percent of those with chronic HCV will 
develop liver fibrosis and 25 percent will go on to 
develop cirrhosis. Cirrhosis can take up to 20 years 
from initial infection to develop. Those with cir-
rhosis are more likely to develop decompensated cir-
rhosis and hepatocellular carcinoma (HCC, 1-4%). 
HCV infection is the reason for 60 percent of all 
cases of HCC in the U.S. 

The U.S. health care system is currently in a cri-
sis of HCV-induced cirrhosis and its complications 

(hepatic decompensation, portal hypertension, asci-
tes, variceal bleed, and encephalopathy), as a con-
sequence of underdiagnosis and undertreatment of 
HCV. The peak of chronic HCV prevalence was in 
2001. Because of the time lapse for development, the 
highest prevalence of cirrhosis is projected to be in 
2020 when one million persons will have cirrhosis.4 

As mentioned before, there are a significant num-
ber of undiagnosed cases of HCV, and what is un-
diagnosed cannot be treated. Unfortunately, about 
one-third of undiagnosed Americans are estimated 
to have advanced fibrosis/cirrhosis.4 Primary care 
providers (PCPs) have a major opportunity to make 
a diagnosis of HCV early and refer for treatment 
before the development of cirrhosis and its compli-
cations. Early diagnosis and treatment can improve 
survival, improve quality of life, and will reduce the 
economic burden of HCV and result in cost savings. 

Seventy-five percent of HCV cases are found in 
baby boomers (born between 1945-1965).1 The 

Summary
With many new medication combinations, this is an exciting time to be involved in 
treating hepatitis C virus infection (HCV).  These new therapies have very high cure 
rates and cause few adverse effects. Overall, care needs to be individualized to 
achieve cure.

Key Points
•	 The morbidity and mortality of chronic HCV can be reduced with successful  
	 treatment.
•	 Primary care physicians should screen all patients with risk factors, all baby boom- 
	 ers, and everyone with elevated liver function tests for HCV.
•	 High cure rates, short duration of treatment, and few adverse effects are all pos- 
	 sible with new all-oral combinations.
•	 Oral therapy costs are offset by future savings through the prevention of liver- 
	 related complications.	  

Advances in the Management of 
Hepatitis C (HCV): A Closer Look at Emerging 

Treatment Options                     
David H. Winston, MD, FACP, AGAF 
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rates are very high in baby boomers because HCV 
was not even diagnosed when this population was 
young, the blood supply was contaminated and 
there was no way to screen blood products, and 
there were no universal precautions in health care 
settings. The Centers for Disease Control and Pre-
vention (CDC) and the U.S Preventive Services 
Task Force (USPSTF) recommend a one-time 
screening for all baby boomers.5,6 

Patients infected with HCV do not seek medical 
attention because they are usually asymptomatic and 
unaware of the risk factors (Exhibit 2).5 Fifty-six 
percent of infected people are asymptomatic. Over-
all, PCPs should screen all baby boomers, all patients 
with risk factors regardless of age, and all patients 
with elevated liver function tests.

Once chronic HCV is identified, the patient 
should be evaluated for treatment. Previous history 
of any treatments, the genotype of the virus, and the 
disease stage are all important in treatment selec-
tion. The majority of cases in the U.S. are genotype 
1 (70%).7 The other five genotypes are less common 
and some are more difficult to eradicate.7

Chronic HCV is staged from F0 to F4.  With F0 
disease, there is no current evidence of fibrosis. 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 
method. It only samples a very small portion of the 
liver, is anxiety provoking, can have complications, 

and is costly ($2,500 to $3,000). Noninvasive op-
tions are becoming the standard, when available. 
Fibroscan and Aixplorer are devices that measure 
the velocity of the ultrasonic shear wave as the wave 
passes through the liver. The propagation velocity 
of the shear wave correlates with the elasticity of tis-
sue. The velocity increases with increased stiffness 
of the liver parenchyma. Blood fibrosis tests (Fibro-
sure, Fibrotest, Hepascore, and Fibrospect) measure 
variations in biomarkers caused by changes in liver 
stiffness. These are good for staging patients with 
zero or minimal fibrosis and those with advanced 
fibrosis or cirrhosis but are less accurate for assessing 
mid-range fibrosis.

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.8 The goal of HCV treatment is to reduce 
all-cause mortality and liver-related health adverse 
consequences such as end-stage liver disease and 
HCC by achievement of virologic cure or sustained 
virologic response (SVR). A SVR is an undetectable 
HCV RNA three months after completion of treat-
ment. An SVR is synonymous with “cure.” SVR 
rates with current recommended oral regimens are 
greater than 96 percent in those who have never 
been treated before (treatment naïve).

HCV infection needs to be treated early for sev-
eral reasons. It is a progressive disease that increases 
morbidity and mortality, which can be reduced with 

Exhibit 1: The Burden of Chronic HCV in the U.S.1-3
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successful treatment. Treatment delays can decrease 
the benefit of SVR and allow for the development of 
severe liver disease and liver-related complications. 
Many insurance companies will only pay for treat-
ment of those with advanced fibrosis. The guidelines 
state that treatment deferral practices based on fibro-
sis stage alone are inadequate and shortsighted.8 Cur-
ing HCV at any stage, regardless of baseline fibrosis, 
results in decreased all-cause mortality, liver-related 
death, need for liver transplantation, hepatocellular 
carcinoma rates, and liver-related complications and 
improvement or prevention of extrahepatic compli-
cations and quality of life.8 

The guidelines no longer recommend prioritizing 
patients for treatment. Because of the many benefits 
associated with successful HCV treatment, treat-
ment is recommended for all patients with chronic 
HCV infection, except those with short life expec-
tancies that cannot be remediated by treating HCC.8 
All patients should be treated as promptly as feasible 
to improve health and to reduce HCV transmission. 

Interferon and ribavirin were the first two thera-
pies approved for HCV management. The unsat-
isfactory response rate in genotype 1 (54-56%) to 
these two agents and significant adverse effects with 
interferon led to the development of the direct-
acting antivirals (DAAs) that directly inhibit viral 
replication.  The DAAs have revolutionized chronic 
HCV therapy by being oral agents and very toler-

able, having high cure rates, and being aimed at very 
specific targets in the life cycle of the HCV virus. 
In 2014, the holy grail of hepatology was achieved 
with the introduction of interferon-free regimens 
for genotype 1. 

There are four classes of DAAs (Exhibit 3). To 
prevent emergence of resistance, a combination of 
DAAs must be used. Most of these combinations 
only need to be given once a day, which enhanc-
es adherence. Some are as two separate tablets or a 
single tablet. 

Because therapy for HCV is changing rapidly, 
the AASLD, IDSA, and IAS–USA have developed 
a web-based process for the rapid formulation and 
dissemination of evidence-based, expert-developed 
recommendations for HCV management. These up- 
to-date guidelines can be found at hcvguidelines.org. 
Because the recommendations change rapidly, a table 
of recommended regimens is not published here.

With many different choices for HCV treatment, 
clinicians can use several factors for individualizing 
care. These include genotype and subtype, naïve 
or prior treatment experience, presence or absence 
of cirrhosis, presence of harder-to-treat conditions, 
and presence or absence of baseline nonstructural 
protein 5A (NS5A) resistance-associated variants 
(RAVs). About 10 to 15 percent of HCV genotype 
1 patients, without prior exposure to NS5A inhibi-
tors, will have detectable NS5A RAVs prior to treat-

Exhibit 2: Risk Factors for HCV5
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ment. This causes a large reduction in the activity 
of NS5A inhibitors. Currently, baseline testing for 
NS5A RAVs is only recommended if the elbasvir/
grazoprevir (EBV/GZV) combination is selected for 
genotype 1a treatment.8 This is an evolving area, so 
recommendations for testing will likely change.

The standard of care for treating HCV infection 
in treatment naïve patients is an all- oral regimen 
of at least two agents; ribavirin is recommended to 
be added in some instances. The current duration of 
therapy is eight to 24 weeks, depending on which 
therapy is selected and presence of cirrhosis. An eight-
week duration of treatment can be considered when 
sofosbuvir/ledipasvir is used in treatment-naïve pa-
tients without cirrhosis with genotype 1 who have 
pre-treatment HCV RNA less than 6 million IU/
mL. Regimens for the various genotypes, those with 
cirrhosis, and those who are naïve or have had prior 
treatment are specified in the treatment guidelines.8

Hard to treat populations include those with de-
compensated cirrhosis, renal impairment, genotype 
3 HCV infection, HCV/HIV coinfection, and post-
liver transplant. Patients with decompensated cir-
rhosis ideally should be treated in a liver transplanta-
tion center because they can become ill quickly. The 
SVR rates in this population are 83 to 86 percent, but 
achieving a SVR improves survival in those with de-
compensated cirrhosis. This is an area where new reg-
imens are needed. Two regimens, paritaprevir/rito-
navir/ombitasvir/dasabuvir (PrOD) and paritaprevir/
ritonavir/ombitasvir (PrO), which can cause further 
decompensation need to be avoided in these patients. 

At lower levels of renal function, medication doses 
may need to be adjusted. At levels of 30 ml/min and 
above, most agents can be used and only ribavirin 
requires dosage adjustment. Sofosbuvir is not rec-
ommended for use in patients with renal function of 
less than 30 ml/min. Safety and efficacy of many of 
the medications have not been determined at very 
low levels of renal function (<15 ml/min). EBZ/
GZV is the only regimen that does not require any 
renal dosage adjustment.

Genotype 3 has been the most difficult genotype 
to treat. Fibrosis progression occurs more rapidly 
than with other genotypes, and there is a higher 
prevalence of severe steatosis and higher incidence 
of hepatocellular carcinoma in those infected with 
genotype 3. The SVR rates with DAA combina-
tions for genotype 3 are lower than with genotype 1 
(82-96% vs 95-98%).

The same treatment recommendations (naïve 
and treatment experienced), as in patients without 
HIV, are recommended for those coinfected with 
HIV. The primary consideration in selecting a HCV 
treatment in a coinfected patient is potential drug-
drug interactions with antiretroviral therapy. It is 
important that treatment is coordinated with the 
patient’s HIV specialist.

Post-liver transplant is the last hard to treat popu-
lation. HCV accounts for almost 50 percent of liver 
transplants in the U.S.9 All patients with detectable 
HCV RNA at the time of transplant will infect 
the graft liver. Reinfection occurs as soon as re-
perfusion of the allograft takes place in the operat-

Exhibit 3: Direct-Acting Antivirals8
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ing room and viral titers reach pretransplant levels 
within 72 hours. The likelihood of developing cir-
rhosis in the newly transplanted liver over three to 
five years post-transplant is 10 to 30 percent. The 
goal in those who are awaiting transplant is to sup-
press HCV RNA to an undetectable level for at 
least 30 days prior to transplant to prevent the graft 
liver from becoming infected with the HCV virus. 
Patients with longer periods of undetectable HCV 
RNA prior to transplant have better post-transplan-
tation SVR rates. Patients who continue to have 
HCV post-transplant can be treated; the guidelines 
provide recommended regimens which can achieve 
SVR rates of 94 to 96 percent.

The safety profiles of all the recommended regi-
mens are excellent. Across numerous Phase III pro-
grams, less than 1 percent of patients without cir-
rhosis discontinued treatment early and adverse 
events were mild. Most adverse events occurred 
with ribavirin-containing regimens. Discontinu-
ation rates were higher for patients with cirrhosis 
but still very low (approximately 2% for some trials).  
Drug interactions are another safety consideration in 
managing DAA therapy. All of the DAAs interact 
with at least a few medications. Sofosbuvir has the 
fewest drug interactions.

Curing HCV can be very expensive in terms of 
medication costs and have led to significant debate 
about the costs of treatment. When considering the 
costs of HCV treatment, the cost of not treating the 
infection is important to consider. While the preva-
lence of HCV infection is declining from its peak, 
the incidence of advanced liver disease, cirrhosis, 
and HCC and associated health care costs continue 
to rise. HCV health care costs are substantial and 
will continue to increase exponentially through 
2030 due to progressive liver disease.10,11 

Although the DAA regimens are expensive in 
terms of acquisition costs, they are cost effective. 
Curing HCV markedly reduces the national cost 
of treating cirrhosis and hepatocellular carcinoma 
($30,000-$70,000 annual cost x 5 to 10 years/pa-
tient) and markedly reduces need for liver transplan-
tation ($350,000-$577,000/transplant + $145,000 
year maintenance).12 On an individual health plan 
basis, the per member per month health care costs 
are 24 to 35 percent lower in those who receive 
treatment compared to an untreated population.13 

Early treatment of HCV is financially beneficial. 
Fewer patients will progress to more advanced fi-
brosis and end-stage liver disease; the cost for treat-
ing HCV is significantly higher for those with more 
severe disease.13 A SVR in non-cirrhotic HCV pa-
tients prevents the development of cirrhosis and its 
complications. A SVR in compensated cirrhosis 

lowers the rate of complications, liver cancer, and 
transplant. Overall, SVR improves all-cause mortal-
ity, quality of life, and increases life expectancy.14-16 

The U.S. is unique among Western countries in 
that it does not regulate drug prices. Actual U.S. drug 
costs paid are rarely known by consumers. Pharma-
ceutical companies determine the wholesale acquisi-
tion cost (WAC) of a drug; pharmacy benefit man-
agers and insurance companies negotiate for rebates 
and discounts that decrease the actual price paid. 
Negotiations of drug prices are considered confiden-
tial business contracts, so there is almost no trans-
parency regarding the actual prices paid. Market-
based competition has driven down the cost of HCV 
drugs. Recently approved EBV/GZV has a WAC of 
$54,600, about the same price as average discounted 
ledipasvir/sofosbuvir (LED/SOF) and PrOD. 

Cost-effectiveness studies published in 2015, 
even using the higher WAC prices, have shown 
that DAA regimens are cost effective for most pa-
tients, within the range of other accepted medical 
therapies.17-19 Cost-effectiveness does not take into 
account affordability.

Affordability refers to whether a payer has suf-
ficient resources in its annual budget to pay for a 
therapy for all who need it. The challenge is to pay 
for HCV drugs which have high upfront costs in-
curred over a short period of time. Many payers 
have limited coverage to only those with advanced 
fibrosis and cirrhosis because of budgetary con-
straints. Many clinicians and bioethics professionals 
have called this rationing.

HCV coverage limitations have raised some serious 
ethical questions. There are a large number of people 
with HCV for which we have a cure for almost every-
body, yet many are not being treated. There are not 
many other curable conditions where many patients 
are told that they have to be sicker before they can be 
treated. Limiting access as a way to cope with price 
is not the answer; driving down the price is a likely 
option.20 Insurers, government, and pharmaceutical 
companies should work together to bring medication 
prices to the point where all of those in need of treat-
ment are able to afford and readily access it.

There are more DAAs under study which will 
hopefully continue to raise the SVR rates closer to 
100 percent, further reduce adverse effect rates, al-
low increasingly shorter treatment regimens, and be 
effective for all six genotypes (pangenotypic). There 
is hope that in the future we can treat people for as 
little as four weeks to produce a cure. 

   
Conclusion
HCV is a major cause of chronic liver disease, cir-
rhosis and hepatocellular carcinoma. Clinicians 
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should screen all patients with risk factors and all 
baby boomers for HCV. A dramatic paradigm shift 
in HCV treatment is here, with new DAA combina-
tions that promise higher cure rates, shorter treat-
ment duration and fewer side effects. Virtually every 
patient with chronic HCV should be treated.

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

ology and Hepatology at CIGNA HealthCare of Arizona in Sun City, AZ.
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Summary
Effective treatment with various disease-modifying therapies is available for the re-
lapsing-remitting subtype of multiple sclerosis (MS).  Each of these agents is effec-
tive in reducing relapse rate, disability, and disease activity.  There are no consensus 
guidelines that managed care can use to help guide therapy selection. Typically, the 
older agents are used as first-line therapy with the newer agents being reserved for 
later-line therapy. 
 

Key Points
•	 There are no consensus guidelines for selecting therapy.
•	 Biomarkers are under study to help individualize therapy.
•	 Adherence to therapy is important.
•	 Managed care uses various strategies to manage disease-modifying therapies.

MULTIPLE SCLEROSIS (MS) IS A NEURODE-
generative disorder of the central nervous system 
(CNS) that is presumed to be autoimmune. The 
worldwide incidence is 0.1 percent, and it occurs 
more often in women (1 in 200) than in men (1 in 
400). The rate in women has been increasing but 
men typically have a much worse prognosis. Ap-
proximately 400,000 people have MS in the United 
States. There is higher incidence in those of North-
ern European descent and in temperate climates, but 
the latitude gradient is decreasing. The age at diag-
nosis is between 20 and 40.

In MS, the immune system attacks the nervous 
system, forming plaques or lesions commonly in-
volving brain white matter. These attacks destroy 
oligodendrocytes causing demyelination (Exhibit 
1). Remyelination occurs in the early phase of the 
disease but not completely. Repeated attacks lead to 
less remyelination. 

Both T and B cells appear involved in the patho-
genesis of MS. The currently predominant hypoth-
esis of MS is that autoreactive T lymphocytes cross 
the blood-brain barrier (BBB) and trigger inflam-
matory events which results in axonal demyelination 
and neuronal damage. Normally, the BBB prevents 
entrance of T cells into the nervous system. Infec-
tion or another environmental trigger decreases the 
integrity of the BBB allowing T cell entry.1 When 
the blood–brain barrier regains its integrity, usually 
after the inciting event has cleared, the T cells are 
trapped inside the brain. T cell attacks on myelin 
trigger additional inflammatory processes, stimulat-
ing other immune cells and soluble factors like cyto-
kines and antibodies. Leaks form in the BBB causing 
swelling, activation of macrophages, and more acti-
vation of cytokines and other destructive proteins.

B cells are also involved in the pathophysiology of 
MS.2 The level of B cell involvement may vary in 
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MS patients. The most frequently found pattern of 
lesion pathology is characterized by significant anti-
body deposits and complement activation, suggest-
ing that the locally produced antibody response by B 
cells may indeed contribute to CNS demyelination. 
Besides differentiating into antibody-secreting plas-
ma cells, B cells may contribute to the development 
and progression of CNS autoimmune disease as an-
tigen-presenting cells for activation of T cells.

MRI scans have become the tool for diagnosis of 
MS because lesions, even subclinical ones, can be 
seen in the brain. The brain will demonstrate le-
sions termed T1 and T2.T1 lesions are new or acute 
lesions that appear as dark areas on the scan. These 
typically disappear within three months but may 
also remain showing an area of total destruction of 
neurons. T1 lesions correlate with disease acuity. 
T2 lesions, white areas on the scan, loosely correlate 
with disease burden.

Clinically isolated syndrome (CIS) is the first MS 
attack experienced by a patient. CIS can be optic 
neuritis, transverse myelitis, or isolated brain stem 
cerebellar syndrome. Patients can be classified as low 
or high risk for developing clinically definite MS 
based on brain MRI findings of silent lesions.

Several subtypes of clinically definite MS are rec-
ognized. Eighty-five to 90 percent of MS cases at 
onset are characterized by episodes of relapse (re-
lapsing-remitting multiple sclerosis, RRMS). The 
remaining 10 to 15 percent of patients will have 
primary-progressive MS. These patients have a slow 
worsening from disease onset. Primary-progressive 

MS has about equal gender onset and a decade later 
age of onset than RRMS. These patients may have 
superimposed relapses. Secondary-progressive MS is 
when an initial relapsing patient transitions to slow 
worsening disease. The natural history of RRMS is 
to start out as relapsing, then transition to the sec-
ondary-progressive subtype.

With increasing understanding of the underly-
ing pathophysiology of this disease, several disease-
modifying therapies (DMT) for RRMS have been 
developed since the early 1990s (Exhibit 2). All of 
these FDA approved agents reduce the annualized 
relapse rate (ARR), disability, and MRI evidence of 
disease in RRMS. The first-generation agents - in-
terferon beta-1a, interferon beta-1b, and glatiramer 
acetate – have years of patient experience for MS 
and still have a large number of users and new starts. 
These agents are many times termed platform agents 
because they tend to be the first agents started. 

Interferon beta (Avonex®, Betaseron®, Extavia®, 
Rebif®,Plegridy®) is administered by self-injection 
in varying regimens of once daily to once every 
two weeks, depending on the product. The new-
est interferon product, peginterferon beta-1A (Ple-
gridy®), is only injected every two weeks. Interferon 
diminishes the ability of activated T cells to cross 
the blood-brain barrier and enter the CNS. Injec-
tion site necrosis and flu-like symptoms are poten-
tially limiting adverse events. 

Glatiramer acetate (Copaxone®) is a self-injected 
polymer of four amino acids that compete with an-
tigen-presenting cells for binding to the T cell. This 

Exhibit 1: Multiple Sclerosis and Destruction of Myelin
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agent is an inducer of specific T helper 2 type sup-
pressor cells. Injection site reactions, chest pain, flush-
ing, dyspnea, and palpitations may be adverse events.

Mitoxantrone (Novantrone®), a chemotherapy 
agent, is FDA approved for MS treatment. It was 
originally suggested for highly active RRMS and 
possibly early progression and results in a 50 percent 
reduction in ARR. The issue with this agent is the 
adverse effects of cardiotoxicity and promyelocytic 
leukemia. Because the newer agents are safer and 
more effective, there is minimal current use in MS 
of mitoxantrone.

Natalizumab (Tysabri®), an integrin α4 blocker, 
stops circulating lymphocytes from entering the 
CNS. Monthly infusions of natalizumab provide 
effective relapse suppression (68% reduction). Pro-
gressive multifocal leukoencephalopathy (PML) is a 
rare adverse effect that occurs in about 0.1 percent 
of patients treated with this agent. This potentially 
fatal adverse effect occurs in people infected with 
John Cunningham virus ( JC virus). The JC virus 
is a polyomavirus and infection is almost universal; 
however, the virus is dormant in the majority of 
the adult population. Risk of PML can be assessed 
with JC virus testing. The risk of PML appears to 
increase with time on treatment; the rate is very 
low in the first year and increases after two or more 
years of treatment.

The next generation of MS treatments began 
with the approval of oral agents. Fingolimod (Gile-
nya®), an oral sphingosine-1-phosphate receptor 
modulator, induces rapid and reversible sequestra-

tion of lymphocytes in lymph nodes and prevents 
activated and autoreactive cells from migrating to 
the CNS. Lymphocytes remain functional and may 
still be activated as part of an immune response. 
This agent crosses the BBB and may have neuro-
protective properties. The first dose must be given 
in the hospital due to potential for bradycardia and 
atrioventricular block. Other adverse effects of con-
cern are macular edema and hypertension. Relapse 
reduction is 55 percent with this agent.3 

Teriflunomide (Aubagio®) inhibits pyrimidine 
synthesis and binds dihydroorotate dehydrogenase, 
the fourth enzyme in de-novo pyrimidine synthesis 
thus inhibiting T cell division. Its parent compound, 
leflunomide, is used in treatment of rheumatoid ar-
thritis. It reduces ARR in RRMS by 31 percent.3 

Fumarate is a naturally occurring molecule that 
is essential for cellular oxidative respiration (citric 
acid cycle). Dimethyl fumarate’s (Tecfidera®) pro-
posed mechanism of action is a direct antioxidant 
effect with normalization of energy metabolism, 
inhibition of inflammation, and repair/degradation 
of damaged proteins and DNA. This agent reduces 
ARR in RRMS by 50 percent.3

The oral agents have the advantages of oral conve-
nience, very good efficacy, and good tolerability. On 
the negative side, there is limited experience with 
using the oral agents and no long-term safety or ef-
ficacy data. This data are being accumulated now.

Two additional injectable agents have also been 
approved as next-generation agents. Alemtuzumab 
(Lemtrada®) is a recombinant humanized mono-

Exhibit 2: Relapsing/Remitting MS Drug Treatment Timeline

Next Generation TherapiesFirst Generation Therapies

1995	 2000	 2005	 2009	 2010	 2011	 2012	 2013	 2014	 2016

Betaseron®

Avonex®

Copaxone®

Gilenya®

Aubagio®

Tecfidera®
Zinbryta®

Lemtrada®

Plegridy®

Rebif®

Novantrone®

Tysabri®

Extavia®



www.namcp.org  |  Vol. 20, No. 1  |  Journal of Managed Care Medicine   29

clonal antibody that targets CD52, a glycoprotein 
present at high levels on the surface of mature T 
and B lymphocytes. Treatment with alemtuzumab 
produces a very rapid and almost complete depletion 
of circulating CD52 positive cells. ARR is reduced 
by 49 percent with alemtuzumab. Due to its cell-
depleting effect, alemtuzumab is also FDA approved 
for the treatment of B cell chronic lymphocytic leu-
kemia (marketed as Campath®). 

Alemtuzumab is administered as an intravenous 
injection over two hours daily for five days. A sec-
ond course of three doses is given 12 months after 
the first. Black box warnings for alemtuzumab in-
clude cytopenias, infusion reactions, and infections. 
Premedicating with an oral antihistamine and acet-
aminophen prior to dosing and monitoring close-
ly for infusion-related adverse events is required. 
Treated patients require anti-infective prophylaxis 
to reduce risk of infection due to the severe and pro-
longed lymphopenia.4 

T cell depletion for alemtuzumab is long lasting. 
In trials, CD4+ cells were depleted for a median of 
five years and CD8+ cells for 2.5 years. Monocytes 
and B cells return to normal more quickly, usually 
within three months. B cell counts then continue 
to increase and still exceed pretreatment levels by 
approximately 124 percent nearly two years later. 
These differing temporal patterns in immune cell 
repopulation result in a skewed immune repertoire. 
This is presumed to result in the paradoxical de-

velopment of new autoimmune disorders in ap-
proximately 30 percent of MS patients treated with 
alemtuzumab in clinical trials. Because of its safety 
risk, this agent is generally reserved for patients 
who have had an inadequate response to two or 
more therapies.

Daclizumab (Zinbryta®), an interleukin-2 recep-
tor blocking antibody, was approved for RRMS in 
2016. Like alemtuzumab, this agent is labeled for use 
in people who have not had therapeutic success with 
two or more other agents. Autoimmune hepatitis 
and other immune-mediated disorders can occur; 
thus, this agent carries both a black box warning and 
is only available through a restricted distribution 
Risk Evaluation and Mitigation Strategies (REMS) 
program. It is given by self-injection once monthly 
and reduces ARR by 54 percent.

DMT in RRMS currently is selected based on 
patient and neurologist preference, clinical symp-
toms and MRI findings. Clinicians do not yet 
know how to individualize therapy using biomark-
ers. Establishing satisfactory biomarkers for MS has 
proven to be very difficult, due to the clinical and 
pathophysiological complexities of the disease. Po-
tential new biomarkers are divided into three sub-
groups - genetic-immunogenetic, laboratory, and 
imaging. Example biomarkers under study include 
chemokine and cytokine, adhesion molecules, ge-
netic markers, vitamin D, T and B cell character-
istic markers, natural killer cell markers, markers 

Exhibit 3: Payer Delphi Panel Recommendations6

CIS = clinically isolated syndrome 
CDMS = clinically definite multiple sclerosis 
DMT = disease modifying therapy

DMT therapy initiation for patients with CIS is a provider decision, but patients with 
CDMS should be treated with a DMT

Patients with MS should have preferred access to platform therapies

Patients with MS should have preferred access to platform therapies
Access to natalizumab should be limited to use for the FDA-approved indication

Access to fingolimod should be managed by payers until additional 
safety information is available

Payers identify the need for patient compliance and support while on DMTs
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of BBB disruption, and myelin basic proteins.5 The 
ultimate goal would be better predictors for prog-
nosis, medication selection, disability progression, 
and adverse event prediction. 

There is currently insufficient Class I evidence 
for a detailed MS treatment algorithm. The lack 
of definitive clinical evidence to guide MS treat-
ment decisions has become increasingly important 
as the number of therapeutic options continues to 
increase annually. Payers struggle with which drug 
is right for which patient, while balancing costs, 
outcomes and access. In an effort to control costs, 
most payers have a contracted interferon because 
there are multiple products. 

One approach by payers was presented in a study 
that used a modified Delphi process to develop 
consensus statements regarding MS management 
approaches. In a live consensus meeting with 14 
panel members who were experts in managed care, 
eight pharmacy directors and six medical directors 
from 12 U.S. health plans, one specialty pharmacy, 
and one consulting company were represented. All 
were presently or previously involved in the for-
mulary decision-making process at their organi-
zation. This group did produce several consensus 
recommendations but did not agree on a standard-
ized treatment approach (Exhibit 3).6 These recom-
mendations were made before several of the newer 
medications were approved.

One of the important recommendations made 
by the previously discussed study was that there is 
a need for patient compliance and support while 
on disease-modifying therapy.6 Payers make a large 
lifetime investment in MS treatments. Adherence to 
therapy in MS, like all chronic diseases, can be an 
issue, especially if the disease is controlled and the 
patient does not understand the reason for continu-
ing therapy. If a patient does not appropriately use 
their therapy, money is being wasted. 

MS patients may stop their medications for many 
different reasons. Factors that can influence adher-
ence to DMT include medication tolerability, pa-
tient physical and cognitive decline, frequency and 
complexity of the dosing regimen, duration of the 
disease and treatment, patient perceptions of medi-
cation benefits and risks, and economic burden 
associated with medication.7 Interventions aimed 
at optimizing medication adherence by a patient 
with MS need to incorporate new and creative 
approaches that take individual patient needs and 
lifestyle into account. When considering a DMT, it 
is important to evaluate the safety and tolerability 
profile of the drug, the individual patient’s needs 
and lifestyle, and how the specific requirements 
and characteristics of the drug intersect with the 

individual patient’s profile.
There are numerous agents in the drug develop-

ment pipeline for MS. Ofatumumab (Arzerra®) is 
currently used for chronic lymphocytic leukemia 
and is being investigated for MS. It depletes B cells 
via antibody-dependent cell-mediated toxicity and 
complement-dependent cytotoxicity. Ocrelizumab 
is a humanized anti-CD20 monoclonal antibody 
that targets mature B lymphocytes and hence is 
an immunosuppressive drug. Treatment with this 
agent has demonstrated a statistically significant 
reduction in disease activity as measured by brain 
lesions (measured by MRI scans) and relapse rate 
compared to placebo. It has been given a break-
through therapy designation for primary-progres-
sive MS, but is not yet FDA approved.

Conclusion
The MS therapeutic arena continues to expand and 
the expense of these agents prompts managed care 
to pay close attention to them. Many clinicians 
start with the traditional first-line therapies because 
of the length of experience with them, saving the 
newer agents for later use, but there are no consen-
sus guidelines for selecting therapy. Clinical symp-
toms and MRI findings remain mainstay methods 
for selecting and monitoring therapy but biomarkers 
are under study for this purpose.  Most importantly, 
with these expensive but effective therapies, long-
term adherence needs to be facilitated. 

Gary M. Owens, MD, is President of Gary Owens Associates.
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IN 2016, MELANOMA WAS THE FIFTH AND 
sixth most common type of cancers in men and 
women, respectively.1 There has been a significant 
increase (~3.1% per year) in the incidence of mela-
noma since the 1960s.2 This increase is partially due 
to increased sun exposure. Tanning beds are a sig-
nificant cause in young women. In the United States 
(U.S.), lifetime risk of melanoma is one in 36 for 
men and one in 57 for women. Overall, one person 
dies every hour in the U.S. from melanoma. 

Overall survival of patients treated with differ-
ent therapies for melanoma varies by the extent of 
the disease. Those with metastatic disease have the 
worst prognosis. Before the development of agents 
targeting the immune system, the median surviv-
al with a metastatic melanoma diagnosis was eight 
to 12 months with single agent and doublet che-
motherapy treatment, respectively.3 Interferon and 
interleukin-2 in combination with chemotherapy 
produced a similar median survival. Unfortunate-

ly, none of these improved overall survival (OS). 
Agents approved since 2011 have begun to improve 
median and overall survival in metastatic disease.

 Melanoma is one cancer that is highly immu-
nogenic - the immune system can be manipulated 
against the disease. Because of this, the treatment of 
melanoma is moving to strategies that target the im-
mune system. Exhibit 1 illustrates how these strate-
gies act to win the host versus tumor battle.

Supplementing the immune system is one avenue 
for stimulating the immune system to work against 
melanoma. Treatment with high-dose interleukin-2 
(IL-2) does result in a durable response in a small 
percentage of patients (15-18%). If a patient re-
sponds to IL-2 and stays in remission for 24 months, 
they can be considered cured. While IL-2 can cure 
some, it is a very toxic therapy. It is toxic to virtually 
every organ system and needs to be administered 
in specialized centers in an ICU-like setting with 
continuous cardiac monitoring. Patients must clear 

Summary
Survival rates with metastatic melanoma have significantly improved in recent years 
with introduction of effective immunotherapy and targeted therapy for selected tu-
mor mutations.  Immunotherapy is first-line treatment for metastatic disease unless 
genetic mutations are present.
While costly, there are strategies to help minimize the cost of these agents.

Key Points
•	 With checkpoint therapy, patients with metastatic melanoma are living longer.
•	 Autologous tumor infiltrating lymphocytes are an additional immune-based ther- 
	 apy being studied for melanoma treatment.
•	 Dose rounding and shortened infusions are two strategies to minimize costs of  
	 immunotherapy. 

Evolving Strategies in the Treatment of 
Metastatic Melanoma 

Nikhil I. Khushalani, MD 
For a CME/CNE version of this article, please go to www.namcp.org/cmeonline.htm, and then click the activity title.



32   Journal of Managed Care Medicine  |  Vol. 20, No. 1  |  www.namcp.org

several hurdles before being approved for this thera-
py, including normal nuclear stress tests, pulmonary 
function tests, and brain imaging.

The second way to target melanoma with the im-
mune system is to block suppressive elements. The 
activity of the T cells is controlled by a series of 
regulatory molecular interactions, including those 
between cytotoxic T cell lymphocyte– associated 
antigen 4 (CTLA-4) and antigen presenting cells 
(APC) and between programmed death-1 (PD-1) 
and its main ligand, PD-L1 on the melanoma cell. 
CTLA-4 and PD-1 are the brakes on the immune 
system; they prevent the immune system from be-
ing over active and leading to autoimmune disease. 
Shutting down these checkpoints on the immune 
system allows T lymphocytes to recognize and de-
stroy melanoma cells.

Ipilimumab (Yervoy®) is an anti CTLA-4 anti-
body. In trials it improves median OS by three to 
four months.4,5 This was the first agent shown to 
provide any improvement in median OS in meta-
static melanoma. With ipilimumab, a cure of meta-
static disease is possible. In one study, the three-year 
survival rate was 22 percent.6 The longest survival in 
published data has been almost 10 years. Like with 
IL-2, not everyone responds to ipilimumab.

The other checkpoint therapy is anti-PD-1. 
Nivolumab (Opdivo®) was the first agent in this 
class. It results in a three-year survival rate of 42 
percent and 32 percent at four years, even in heavily 
pretreated patients.7 It is now approved as first-line 

therapy in metastatic melanoma. Pembrolizumab 
(Keytruda®) is the second anti-PD-1 agent. In two 
trials for FDA approval, pembrolizumab was supe-
rior to ipilimumab.8,9 

Given that only a percentage of patients respond 
to checkpoint therapy, clinicians began studying the 
combination of agents. Combining ipilimumab and 
nivolumab is superior to ipilimumab alone, but the 
increases in median survival come at a cost.10 The 
combination leads to significantly higher rates of 
high grade adverse effects (54 vs 24%) and therapy 
discontinuation. The adverse effects come from un-
leashing the immune system. It is not known if the 
combination is better than nivolumab alone because 
this was not studied.

Provider and patient education and communica-
tion is key to early recognition and treatment of 
immune reactions with checkpoint therapy. Derma-
titis, colitis, hypophysitis (pituitary gland inflamma-
tion and failure), and hepatotoxicity are the major 
toxicities. Grade 3 and 4 reactions have to be treated 
early and aggressively with steroids. Steroid use is 
not believed to hamper the therapeutic effect of 
checkpoint therapy. Treatment may also require ad-
ditional immune suppression with infliximab. Im-
portantly, the checkpoint therapy has to be stopped 
until the reaction is resolved. 

Low grade dermatitis can be treated with topical 
steroids and antihistamines while also continuing 
the checkpoint therapy. If grade 3 or 4 (more than 
30% of body) dermatitis occurs, and it has to be 

Exhibit 1: Strategies to Win the Host Versus Tumor Battle
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treated systemically and with checkpoint therapy 
interruption.

Pembrolizumab and nivolumab cause grade 1 and 
2 colitis in 8 to 20 percent of patients. One to 3 per-
cent will have a grade 3 to 4 reaction. Ipilimumab 
causes higher rates (23-35% grade 1-2 and 2-9% 
grade 3-4). Grade 1 to 2 colitis (<6 stools/day) can 
be managed with an anti-diarrheal and holding 
checkpoint therapy. If diarrhea continues for over a 
week with minimal improvement, then oral pred-
nisone is given. Grade 3 to 4 colitis (>7 stools/day) 
treatment requires holding checkpoint treatment 
and oral prednisone tapered over one month. If di-
arrhea persists despite high-dose steroids, infliximab 
infusions are given to suppress the immune system.

Checkpoint therapy can take some time to be 
effective. Clinicians have found that combining it 
with radiation leads to an improved response. 

Four cancer centers around the U.S. (Moffitt, 
University of Pennsylvania, National Cancer Insti-
tute, University of Washington) are doing clinical 
trials of adoptive cell transfer, which is a method 
of generating autologous tumor infiltrating lym-
phocytes (TILs). A resected melanoma specimen is 
divided into multiple tumor fragments that are indi-
vidually grown in IL-2 (Exhibit 2).11 The lympho-

cytes overgrow, destroy tumors within two to three 
weeks, and generate pure cultures of lymphocytes 
that can be tested for reactivity in co-culture assays. 
Individual cultures of TILs are then rapidly expand-
ed. By approximately five to six weeks after resect-
ing the tumor, up to 1011 TILs can be obtained for 
infusion into patients who have been treated with 
chemotherapy to suppress their immune system.

Activating mutations in BRAF (v-Raf murine 
sarcoma viral oncogene homolog B) are present in 
40 to 60 percent of melanomas. Vemurafenib (Zel-
boraf®) was the first BRAF inhibitor approved by 
the FDA. About 60 percent of patients will ini-
tially respond to a BRAF inhibitor but the tumor 
becomes resistant to the therapy after about six to 
12 months. The combination of BRAF and MEK 
(mitogen-activated protein kinase) inhibition [dab-
rafenib (Tafinlar)/trametinib (Mekinist®) or vemu-
rafenib/cobimetinib (Cotellic®)] is now the stan-
dard therapy for BRAF- mutated disease to prevent 
development of resistance.

The cost of treating melanoma is significant. In 
melanoma, one course of IL-2 can cost $100,000. A 
course of ipilimumab can cost $159,000, pembroli-
zumab $83,000 and dabrafenib/trametinib $226,000. 
The median out-of-pocket cancer expenses in the 

Exhibit 2: Adoptive Cell Transfer11
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U.S. are $1,730 to $4,727 per year. In addition to the 
direct costs of care, the indirect costs of disability, 
medical-related absenteeism lost productivity, and 
travel /accommodation costs have to be considered. 
Cancer can be a financially toxic disease.

Risk factors for financial distress include younger 
age at diagnosis, low income or low savings, patients 
with dependent children, and patients lacking ad-
equate social support. Only 15 percent of oncolo-
gists are cognizant of their patient’s financial well-
being. The solution needs to come from physicians, 
patients, industry, policy makers, health care stake-
holders, and third-party payers.

Dose rounding with ipilimumab is one way to save 
some money for health plans. The FDA approved 
dose is 3mg/kg/dose. For an 80kg person, the ac-
quisition cost at this dose is $115,200 per course. 
This medication is supplied in 50 and 200mg vials, 
but any unused medication has to be discarded. In 
one trial, dose rounding to the nearest 50mg (up or 
down) resulted in significant cost savings. This trial 
estimated that dose rounding could save $22 million 
per year in the U.S.12 

Another option is shortening the infusion time of 
ipilimumab from the FDA labeled 90 minutes to 30 
minutes. Thirty-minute infusions improve patient 
convenience and are a more efficacious use of infu-
sion centers. Shortening the infusion time has been 
studied and found to be safe for the lower approved 
dose of 3 mg/kg.13 The incidence of infusion-related 
reactions is slightly higher with 30 minutes infusion, 
but not statistically significant. 

The optimal dose and duration for checkpoint 
therapy is not known. Clinicians are studying this 
to maximize outcome while minimizing costs. In-
termittent dosing is also being studied to delay the 
development of resistance.

Conclusion
While the survival curves in metastatic melanoma 
have been shifted significantly, there is still a need 
for continued improvement, especially for those pa-

tients who have been on every available therapy or 
have no response to the therapies. Immunotherapy is 
potentially curative; yet, not all will benefit. Toxic-
ity management requires concerted education and 
communication. The challenge for better pharma-
coeconomic value in cancer care must be a shared 
undertaking.

Nikhil I. Khushalani, MD, is an Associate Member in Cutaneous Oncol-

ogy at the H. Lee Moffitt Cancer Center and an Associate Professor at 

the USF Morsani College of Medicine.
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Optimizing Treatment Strategies to Improve 
Outcomes in the Management of Cystic Fibrosis

Seth Walker, MD, FCCP, FAAP 
For a CME/CNE version of this article, please go to www.namcp.org/cmeonline.htm, and then click the activity title.

ALTHOUGH LONG THOUGHT OF AS A DIS-
ease of children, cystic fibrosis (CF) is now an adult 
disease.  About half of the CF patients in the United 
States are over the age of 18. There is even a larger 
majority of adults in some European countries. Two 
reasons for the adult population growth are increas-
es in survival with good care and more cases be-
ing identified as testing has improved. Some of the 
chronic bronchitis and severe asthma patients in the 
past were really CF patients.

Cystic fibrosis (CF) is a genetic disease that 
causes severe lung and digestive problems and re-
sults in early death. It is caused by abnormalities 
in the CF transmembrane conductance regulator 
(CFTR) gene. There are over 2,000 mutations on 
the CFTR gene which have been identified and 
which lead to malfunctioning CFTR protein. Not 
all CFTR mutations are created equal; the CFTR 
protein could be completely nonfunctional or have 
limited functional ability (Exhibit 1). The CFTR 
protein functions as a channel across the cell mem-
brane in cells that produce mucus, sweat, saliva, 
tears, and digestive enzymes. Class I mutations re-
sult in no production of the CFTR protein. Class 

II mutations result in an improperly folded protein 
that is destroyed by the cell and never makes it to 
the luminal surface. With Class III mutations, the 
protein is folded almost right, but it cannot be un-
folded correctly. In Class IV mutations, the pro-
tein opens on the luminal surface but is not open 
long enough or large enough for chloride to pass 
through. Lastly, Class V mutations produce a com-
pletely normal protein, but there is just not enough 
of it. Often these mutations are not in the coding 
section of the gene but are in the promoter section, 
so there is little transcription.

Unfortunately, genotype does not predict phe-
notype in CF; therefore, one cannot tell, based 
on genotype, how severe someone’s disease will 
be. Most of the time if the patient has two muta-
tions of Class I, II, or III that will be more severe 
disease versus Class IV and V, which are partial 
function mutations. Also, patients can have more 
than one mutation.

In the lungs, the primary purpose of CFTR is to 
regulate sodium and water passage in the airways. 
When CFTR works correctly, mucous in the air-
ways floats on top of a layer of fluid which covers the 

Summary
With increased understanding of the pathophysiology of cystic fibrosis (CF), thera-
pies targeting the underlying issues with sodium and chloride transport are now 
available.  These therapies increase lung function and reduce exacerbations by tar-
geting the defects in the CF transmembrane conductance regulator (CFTR).

Key Points
•	 Loss of CFTR activity is the underlying cause of CF.
•	 The F508del mutation is the most common CFTR mutation in the world.
•	 Two therapies are available that target CFTR activity.
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cilia, allowing them to move correctly to clear air-
ways. When there is a malfunction, the airway be-
comes dehydrated, the mucus becomes very thick, 
and the cilia are unable to function correctly, creat-
ing a perfect environment for infection and eventu-
ally damage to the airways.

Two new medications have been FDA approved 
for treating CF in the presence of specific genetic 
mutations. Ivacaftor (Kalydeco®) is a potentiator 
of CFTR. It initially showed promise in G551D-
CFTR, the most common Class III mutation. This 
mutation occurs in about 3 percent of the CF popu-
lation. It is FDA approved for patients ages 2 and 
older who have one of the following mutations: 
G551D, G1244E, G1349D, G178R, G551S, S1251N, 
S1255P, S549N, or S549ER. It is available as an oral 
tablet given as 150 mg every 12 hours and granules 
in 50 and 75 mg doses for children ages 2 to 6. In pa-
tients with moderate to severe homozygous G551D 
CF, those who received ivacaftor had a 10 percent 
increase in lung function, improvement in symp-
toms scores, reduced exacerbations requiring antibi-
otics, and weight gain (3-3.5 kg).1 Decreased weight 
is associated with worsened lung function and prog-
nosis, so weight gain is typically a desired endpoint 
in those with CF. Similar results have been seen in 
patients with only one copy of defective gene and 
less severe disease.2-4 The benefits of ivacaftor have 
been shown to persist out to three years.5 

Ivacaftor can lead to elevated liver transaminases, 
which occurs more frequently in 2 to 5 year olds.  It 
has significant drug-drug interactions with CYP3A4 
substrates. The major controversy with this agent is 
its cost. It costs about $800 per day of therapy, which 
is about $300,000 annually for the rest of someone’s 
life. This price was negotiated with insurers before 
the agent was approved.

The F508del is the most common mutation in 

those with CF, occurring in about 50 percent of 
patients. In those with the Class II F508del muta-
tion, correction of the protein being transported 
to the luminal surface and potentiation of its effect 
are both needed. Lumacaftor/ivacaftor (Orkambi®) 
is a combination of corrector and potentiator for 
patients homozygous for F508del. In vitro studies 
have shown that CFTR function goes from almost 
zero to about 25 percent when these two agents are 
given. It is an oral regimen taken as two tablets ev-
ery 12 hours.

More than 1,000 patients ages 12 and older with 
homozygous for F508del and forced expiratory vol-
ume in one second (FEV1) at 40 to 90 percent pre-
dicted (mean 61%) were in the two Phase III trials 
that led to FDA approval of lumacaftor/ivacaftor.6 
Over 24 weeks, the combination improves FEV1 
modestly (~2%) and increases the time to pulmonary 
exacerbation (hospitalization requiring intravenous 
antibiotics) in this population. Over 24 weeks, there 
was a 25 percent reduction in exacerbations, which 
is a number needed to treat of three to prevent one 
exacerbation.

Adverse effects with the combination include 
frequent chest tightness/shortness of breath and el-
evated transaminases. Pulmonary symptoms occur 
most commonly at the beginning of therapy and 
may lead to withdrawal from treatment. Approxi-
mately 10 percent of patients have significant short-
ness of breath and may require slow-dose titration to 
be able to tolerate the medication. Some have such 
significant symptoms they have to stop the medi-
cation. Elevated transaminases are more common 
than with ivacaftor alone. Drug-drug interactions 
also are an issue with this combination. Lumacaftor 
upregulates CYP3A4 metabolism of ivacaftor, so 
higher doses are required when the combination is 
used.  Lumacaftor also makes hormonal contracep-

Exhibit 1: Mutation Types in CF
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tives ineffective, so patients need to use other types 
of contraception. 

With CF therapies that were available before these 
CFTR agents, the best adherence was about 50 per-
cent. Even with this generally poor rate of adher-
ence, there have been improvements in life expec-
tancy in CF. 

Given the cost of the CFTR therapies and the life-
time use, it is important to optimize patient adher-
ence. Standard strategies include verbal and written 
education, a review of refill records, and questioning 
at each visit. It is especially important in adults who, 
unlike children, often do not have someone else to 
manage their therapy.  Patients need to understand 
how these agents work, how they provide benefit, 
and that modulators are not a cure. Patients may stop 
their other therapies because they think these medi-
cations are curing their disease. The CFTR thera-
pies were tested in addition to the standard CF regi-
mens, so to get benefit the standard therapies need to 
be continued. To maximize benefit of these agents, 
they need to be taken every 12 hours for optimal 
CFTR functioning and have to be taken with food 
for absorption. If taken on an empty stomach, the 
absorption is almost nonexistent.

Optimizing patient safety can be accomplished 
with reviewing for drug-drug interactions and 
keeping up with the recommended lab schedules 
for the first year of therapy. A repeat hepatic panel 
should be done in two weeks if transaminase lev-
els go above five times the upper limit of normal. 
Therapy should be stopped if they reach eight times 
normal. Once transaminases return to baseline, the 
medication can be restarted. Patients should be edu-
cated to call their CF provider before starting any 
new medications. Because of some concerns about 

cataracts in animal studies, most clinicians will do 
annual eye exams, regardless of age. A baseline eye 
exam should be done before therapy is started.

   
Conclusion
New therapies targeting the underlying pathophysi-
ology of CF are now available. These agents provide 
both improvements in lung function and reductions 
in hospitalizations for exacerbations. As more data 
are gathered on these agents, additional benefits may 
be seen.

Seth Walker, MD, FCCP, FAAP, is Director of the Emory Adult Cystic 

Fibrosis Program at Emory University in Atlanta, GA.
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CHRONIC LYMPHOCYTIC LEUKEMIA (CLL) 
is the most prevalent leukemia in adults in the United 
States. Approximately 19,000 cases occur each year, 
with a median age at diagnosis of 72 years. It occurs 
in men twice as often as in women.  CLL tends to 
be an indolent disease; many patients are asymptom-
atic when diagnosed and do not immediately require 
therapy. When they do require therapy, CLL is treat-
able but typically relapses and is incurable.

CLL is diagnosed based on peripheral blood flow 
cytometry. A bone marrow biopsy is required for 
determining cytogenetics, which are an important 
predictor of overall survival, and the degree of bone 
marrow involvement. CT scans are done for staging 
the disease. Certain genetic features are associated 
with more favorable long-term survival. Those who 
have del (13q14) have the best survival, even bet-
ter than those with normal cytogenetics, whereas 
those with other mutations (NOTCH1 M/SF3B1 
M/del(11q22-q23 or TP53 DIS/BIRC3 DIS) have 

much worse survival rates.1 Those with the poor 
prognosis mutations do not respond well to che-
moimmunotherapy. In CLL, clonal evolution can 
occur in response to treatment, so cytogenetics have 
to be repeated when patients relapse.

Indications for treatment of CLL include persis-
tent night sweats, fatigue, fevers, chills, unexplained 
weight loss. Additional indications include autoim-
mune anemia or thrombocytopenia not responsive 
to steroids, rapidly rising white blood cell count, 
and/or rapidly progressive lymphadenopathy or 
splenomegaly.2 The goals of treatment are outlined 
in Exhibit 1.3 The aggressiveness of treatment will 
depend on the patient’s age, current organ func-
tion, comorbidities, and functionality. For a patient 
who is younger and in relatively good health other 
than CLL, aggressive treatment with higher tox-
icities would be initiated to try and achieve a deep 
remission with essentially undetectable disease. In 
an older patient with reduced organ function and 
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Summary
There have been significant changes in the treatment of chronic lymphocytic leuke-
mia (CLL) in the past few years.  There are numerous chemoimmunotherapy combi-
nations that can be selected for initial and subsequent lines of therapy. The emerg-
ing therapies are novel targeted agents of which many are on the horizon.

Key Points
•	 Several new targeted therapies with unique mechanisms of action are now avail-
	 able to treat CLL.  
•	 Targeted therapies have potential for greater specificity and less nonspecific tox-
	 icity than chemotherapy regimens used in the past.  
•	 These agents have efficacy in high-risk and aggressive disease.  
•	 How to integrate these therapies with chemoimmunotherapy and how to incor-
	 porate them into current treatment algorithms is an ongoing process.
•	 Treatment is shifting toward safe, multitargeted regimens in hopes of a personal- 
	 ized cure.
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poor performance status, the goal is to do no harm. 
The therapies selected are more palliative and cho-
sen to minimize toxicity. Many patients are some-
where in the middle of the aggressive and palliative 
spectrum – a tolerable regimen that achieves a good 
response is sought.

In the past, chlorambucil, an alkylating agent, 
was used; this agent produced about a 30 percent 
response rate. Because it is well tolerated, it is still 
commonly used in elderly patients with other co-
morbidities. Fludarabine came into use in the early 
1990s and produced higher complete response (CR) 
rates. Chemotherapy regimens for treatment naïve 
CLL have changed significantly since early 2000 
with the addition of immunotherapy agents. The 
first revolutionary immunotherapy agent approved 
was rituximab (Rituxan®), a monoclonal antibody 
against the protein CD20, which is primarily found 
on the surface of immune system B cells. Chemoim-
munotherapy with rituximab added to fludarabine 
produced overall response rates (ORR) of 90 per-
cent, CR of 47 percent, and an improvement in 
overall survival (OS, 7 months).4 In younger patients 
(median age 58), triple therapy fludarabine, cyclo-
phosphamide, and rituximab (FCR) produced good 
responses (ORR 90%, CR 44%, median progres-
sion-free survival [PFS] 57 months) but has a much 
a higher toxicity rate compared with a rituximab/
fludarabine combination.5 Bendamustine combined 
with rituximab (BR) produces comparable response 
to FCR with less toxicity and is an option for older 
patients or those with comorbidities.

Because the CR rates were still not great with 
the available regimens, the search for better agents 
examined other ways to target lymphocytes or 
ways to improve upon rituximab. Ofatumumab 
(Arzerra®) and obinutuzumab (Gazyva®) are two 
additional anti-CD20 monoclonal antibodies. Ofa-
tumumab is a type I fully human antibody that 
binds a unique epitope of CD20, which is different 
from the mechanism of action of rituximab, and has 
better complement-dependent cytotoxicity than 
rituximab. It is FDA approved, in combination 
with chlorambucil, for the treatment of previously 
untreated patients with CLL for whom fludarabine-
based therapy is considered inappropriate, in com-
bination with fludarabine and cyclophosphamide 
for the treatment of patients with relapsed CLL, for 
extended treatment of patients who are in complete 
or partial response after at least two lines of therapy 
for recurrent or progressive CLL, and for the treat-
ment of patients with CLL refractory to fludarabine 
and alemtuzumab.

Obinutuzumab, a type II glycoengineered hu-
manized monoclonal antibody against CD20, was 
superior to rituximab in preclinical studies including 
whole blood B-cell depletion assays, human lympho-
ma xenograft mice models, and nonhuman primates. 
It is FDA approved, in combination with chlorambu-
cil, for the treatment of patients with previously un-
treated CLL. This agent in combination with chlo-
rambucil produced higher ORR and CR compared 
to rituximab/chlorambucil (ORR: 78% vs. 65%, 
CR: 21% vs. 7%).6 Obinutuzumab does cause higher 

Exhibit 1: Goals of Frontline Treatment3

Reduced organ function

Life expectancy (unrelated to CLL)

Existing comorbidities, performance status

Deep remission Effective but less toxic Do no harm

Goal:	 MRD negative	 Good response	 Palliation

Priority:	 Efficacy	 Efficacy and tolerability	 Low toxicity
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rates of infusion reactions than rituximab.
Overall, the combination of an anti-CD20 anti-

body and chlorambucil is an effective regimen but 
not comparable to more aggressive chemoimmuno-
therapy (FCR or BR) in terms of response. These 
regimens do produce less toxicity than more aggres-
sive regimens including less cytopenias and infec-
tion. This combination is indicated for the elderly, 
frail patient, or those with multiple comorbidities.

Beyond targeting cell surface proteins like 
CD20, signaling pathways within the B lympho-
cytes can also be targeted (Exhibit 2).7 Various oral 
agents have been developed or are under develop-
ment to target these pathways. Three compounds, 
which have been approved to date, are ibrutinib 
(Imbruvica®), idelalisib (Zydelig®), and venetoclax 
(Venclexta®). 

Ibrutinib is a Bruton’s tyrosine kinase (BTK) in-
hibitor approved for first-line treatment of CLL, with 
or without a 17p deletion. It results in good ORR 
(90%), CR, and one-year PFS (94%).8,9 In relapsed/
refractory CLL, it can be combined with BR or ritux-
imab alone (ORR 95%, CR 8%, 18 mo PFS 78%).10 

In addition to reduced blood cell counts (throm-
bocytopenia, anemia, and neutropenia), ibrutinib 
can cause hemorrhage because it affects platelet 
function through von Willebrand factor. The other 
unusual adverse effect is atrial fibrillation in 6 to 9 
percent of patients.

Second-generation BTKs under investigation in-
clude acalabrutinib, ONO-4059, and spebrutinib 
(CC-292). The first is the closest to market.

Idelalisib, a potent selective inhibitor of a key kinase, 
the phosphatidylinositol 3-kinase (PI3K) delta iso-
form, is FDA approved for relapsed CLL, in combina-
tion with rituximab, in patients for whom rituximab 
alone would be considered appropriate therapy due to 
other co-morbidities and two types of lymphoma. In 
combination with rituximab, an ORR of 97 percent, 
CR of 19 percent, and 90 percent PFS at 36 months 
were achieved.11 The problematic adverse effects are 
severe diarrhea, liver function test elevations, and 
pneumonitis. Idelalisib has been studied in combina-
tion with BR in the relapsed/refractory setting.

 Venetoclax (Venclexta®) is the most recently ap-
proved agent. It is a B-cell lymphoma-2 (BCL-2) 

Exhibit 2: B Lymphocyte Intracellular Signaling7

MAPK = mitogen-activated protein kinase
PI3K = phosphatidylinositol 3-kinase
AKT = protein kinase B
mTOR = rapamycin
NFAT = nuclear factor of activated T-cells
BTK = Bruton’s tyrosine kinase
PCKß = protein kinase C beta
CARD11 = caspase recruitment domain family member 11
BCL = B-cell lymphoma/leukemia
MALT1 = mucosa-associated lymphoid tissue lymphoma translocation 1
IKK = nuclear factor kappa-B kinase subunit gamma, alpha or beta
NF-κB = nuclear factor kappa-light-chain-enhancer of activated B cells
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inhibitor indicated for the treatment of patients with 
17p deletion who have received at least one prior 
therapy. It blocks anti-apoptotic BCL-2 protein, 
leading to programmed cell death of CLL cells. In 
early research, single doses of this agent led to a 
greater than 95 percent reduction in lymphocytosis 
within 24 hours in two patients.12 There was a rapid 
reduction in palpable lymphadenopathy, but a dose-
limiting laboratory tumor lysis syndrome (TLS) was 
found. TLS secondary to this agent caused fatalities 
in some of the studies with venetoclax. TLS occur-
rence led to a recommended weekly step-wise dose 
escalation. An ORR of 79 percent and 7.5 percent 
CR was seen in a trial of those with 17p deletion 
with relapsed/refractory CLL.13 This agent has been 
studied as monotherapy in patients who were refrac-
tory to ibrutinib and idelalisib and in various com-
binations in the relapsed/refractory setting.14 Several 
combination trials are ongoing.

The last area to discuss is altering the tumor mi-
croenvironment. It is known that many factors out-
side the tumor cell affect the growth of tumors and 
their ability to survive. The best studied agent for 
affecting the tumor microenvironment is lenalido-
mide (Revlimid®), which is already approved for 
treating multiple myeloma and mantle cell lympho-
ma. Lenalidomide is an immune modulator with 
numerous effects on the microenvironment of tu-
mors. Although good results are being seen, it is still 
under investigation for CLL and the package label-
ing suggests it only be used for CLL in the setting of 
a clinical trial.

In many cancers, T cells are “turned off” and do 
not recognize and destroy tumor cells. Agents that 
activate T cells, anti- programmed death one (PD-
1) antibodies, are approved for treating some can-
cers. Pembrolizumab (Keytruda®) and nivolumab 
(Opdivo®) are both under investigation for CLL.

Chimeric antigen receptor (CAR) modified T 
cells are also being studied in CLL and other can-
cers. These combine an antigen recognition domain 
of an antibody with intracellular signaling domains 
into a single chimeric protein. Gene transfer is used 
to reengineer a patient’s T cells to express CAR; the 
CAR-modified T cells are then reinfused into the 
patient to fight tumor cells. A small early study in 14 
patients found a decent ORR (57%) and CR (29%).15

Conclusion
Several new targeted therapies with unique mech-
anisms of action are now available to treat CLL. 
These therapies have potential for greater specific-
ity and less nonspecific toxicity than chemotherapy 
regimens used in past. Targeted therapy has efficacy 
in high-risk and aggressive disease. Clinicians are 

learning how to integrate these therapies with che-
moimmunotherapy, and how to incorporate them 
into current treatment algorithms. Overall, treat-
ment is shifting toward safe, multitargeted regimens 
in the hope of a personalized cure.

Chaitra Ujjani, MD, is an Assistant Professor in the Division of Hema-

tology and Oncology at the Lombardi Comprehensive Cancer Center 

at MedStar Georgetown University Hospital in Washington, DC.
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Summary
Hemophilia is an expensive, rare, and difficult to manage condition.  New long-act-
ing factors are changing how many patients are managed and will hopefully improve 
long-term outcomes by improving patient adherence.  Additional new therapies are 
on the horizon which will continue to change the management of hemophilia.

Key Points
•	 Reliable access to safe factor replacement therapy exists today. 
•	 Aside from development of inhibitors, hemophilic arthropathy is currently the  
	 most significant complication of hemophilia. 
•	 Strict adherence to long-term prophylaxis is the only way to prevent hemophilic  
	 arthropathy and its devastating consequences. 
•	 New treatments are beginning to address many of the barriers to effective  
	 prophylaxis.
•	 New treatments for personalized prophylaxis has made clinical decision making  
	 much more complex. 
•	 Resources and expertise necessary for optimal management of hemophilia in the  
	 current era do not exist outside of hemophilia treatment centers.

HEMOPHILIA IS A CONGENITAL BLEEDING 
disorder due to deficiency or absence of a coagula-
tion cascade protein. Hemophilia A is a factor VIII 
deficiency, whereas hemophilia B is a factor IX de-
ficiency, but the clinical phenotypes are indistin-
guishable. Both are treated almost identically with 
factor replacement.

Hemophilia is rare; it only affects about 20,000 
Americans, but there are more than 500,000 he-
mophiliacs worldwide. There are few other diseases 
with as much economic impact on both the health 
care system and patient as hemophilia. Unlike other 
blood diseases, like sickle cell disease, hemophilia 
affects all racial groups equally. The majority of cas-
es are found in the 2- to 19-year-old age group, but 
there are patients in all age groups.1 

Genes for factors VIII and IX are located on the 

X chromosome; thus, females are carriers and are 
by and large unaffected, whereas males are affected. 
Because of spontaneous mutations, approximately 
30 percent of those affected have no family history 
of hemophilia. Many times these patients with no 
family history get misdiagnosed as infants as victims 
of child abuse because of bleeding or severe bruising.

Patients can have mild, moderate, or severe fac-
tor deficiency; the severity of bleeding tendency de-
pends on the degree of factor deficiency. Those with 
severe factor deficiency have less than 1 percent of 
normal factor levels. These patients have frequent 
spontaneous bleeding and are usually diagnosed 
early in childhood. Typically, the diagnosis will be 
made once a child with severe disease begins learn-
ing to walk. Moderate factor deficiency is defined as 
factor levels between 1 and 5 percent. These patients 
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will bleed after injury or surgery and may have oc-
casional spontaneous bleeding. Those with mild 
disease (>5% factor levels) bleed only after severe 
injury, trauma, or surgery and may not be diagnosed 
until adulthood. It is important to note that patients 
do not have to have a very high level of normal clot-
ting factors to avoid bleeding.

Clinicians unfamiliar with hemophilia may ex-
pect to see major bruising in those affected but the 
majority of major complications are typically inside 
the body and not in the skin. The major complica-
tions of hemophilia are hemarthrosis, deep muscle 
bleeds, intracranial bleeds, and soft tissue bleeds. 
Death can result from major bleeds.

Hemarthrosis, primarily involving the ankles, 
knees, and elbows, is the most common complica-
tion of hemophilia. Hemarthrosis is bleeding into 
a joint which is very painful and results in signifi-
cant damage and disability because of the inflam-
matory effect of blood in the joint space. Even one 
severe joint bleed can lead to end-stage joint disease. 
Forty-five percent of those with hemophilia, not on 
factor replacement, experience their first joint bleed 
within the first year of life.2,3 Ninety percent have at 
least one joint bleed by 4 years of age. Ninety per-
cent of those with severe hemophilia have chronic 
degenerative changes involving at least one joint by 
age 25. Around 40 percent of those with hemophilia 
report restricted physical activities due to arthropa-
thy. Joint damage and destruction leads to immobil-
ity, which leads to obesity in many patients with 
hemophilia. Joints that do not move also led to dif-
ficulties in holding a job. The key in newly diag-
nosed patients is to prevent hemarthrosis from ever 
occurring. Factor replacement can prevent much of 
the joint disability related to hemophilia.

Since 1968, hemophilia has been treated with fac-

tor concentrate infusion, which has led to signifi-
cant improvements in life expectancy (Exhibit 1). 
The modern era of treatment began in the 1990s 
with the development of recombinant factor VIII 
and factor IX. In addition to the older plasma-
derived products, there are now four generations 
of recombinant factor concentrates. Among these 
products, there is no major difference in how they 
work or in their efficacy. 

Factor replacement can be given by self-infusion; 
the goal of therapy is for every child with hemophil-
ia to learn self-infusion. This allows the individual 
to be independent and have a normal life.

Factor replacement is given on demand or as pro-
phylaxis. On demand is treatment of bleeds with 
factor replacement when bleeds occur. This method 
is good at stopping bleeds after they start, but does 
not prevent bleeds. The benefits of on-demand ad-
ministration include fewer infusions and greater pa-
tient convenience. The problems with on-demand 
use includes bleeds are not prevented, joint dam-
age is ongoing, end-stage arthropathy is unavoid-
able resulting in long-term functional disability, 
and bleeds may become more difficult to control 
over time. The lifetime costs of on-demand ther-
apy are much greater than prophylaxis because of 
the disability. Prophylaxis consists of regular fac-
tor administration to prevent bleeds from occurring 
with a goal of no bleeds. Older prophylactic thera-
pies require frequent infusions, venous access, and 
time commitment for patients but, they have been 
proven to prevent bleeds. Preventing bleeds keeps 
joints healthy and may delay progression of existing 
arthropathy. It also provides protection from trau-
matic and unexpected bleeds.

Prophylactic therapy in children was pioneered in 
Sweden in the 1960s and became standard of care 

Exhibit 1: Historical Overview

•	 1900 – 1940s:  Hemophilic life expectancy 25 – 30 years, usually disabled by age 20

•	 1960:	 Life expectancy increased to 40 years due to transfusions of whole blood and plasma, 	
	 but most hemophiliacs still severely disabled and unemployed

•	 1968:	 First commercially available factor VIII concentrate

•	 1980:	 Life expectancy reaches 60 years

•	 1982:	 First reported cases of AIDS in hemophilia patients.  More than 50% ultimately 
	 infected with HIV and more than 75% infected with viral hepatitis

•	 1985:	 Virally inactivated factor concentrates introduced

•	 1992:	 Recombinant factor VIII

•	 1997:	 Recombinant factor IX
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with introduction of recombinant factor concen-
trates in the 1990s. It is initiated after the first joint 
bleed or before age 3. In children, prophylactic ther-
apy has been shown to decrease bleeding frequency 
and to prevent joint damage.

In adults, prophylactic therapy is increasingly used, 
with support from recent clinical trials. It decreases 
bleeding frequency and improves quality of life but 
has not been shown to definitively prevent progres-
sion of arthropathy. Children who enter adulthood 
on regular prophylaxis, with preserved joints, are 
usually kept on prophylaxis.

Hemophilia carries a significant economic bur-
den, with factor concentrates accounting for the 
majority of the cost of treating hemophilia. Routine 
prophylaxis for severe hemophilia A, dosed at 25-
40 IU/kg three times per week, can annually cost 
an estimated $78,000 to $124,800 for a 5-year-old 
child and $312,000 to $499,200 for an adult.

Factor VIII replacement has typically been given 
every 48 to 72 hours. A typical schedule would be 
Monday, Wednesday, and Friday, with a larger dose 
on Friday to cover the weekend. Factor IX has a lon-
ger half-life so it can be given twice a week. Patients 
will do a Monday/Thursday or Tuesday/Friday 
schedule. Bleeding risk increases with less than per-
fect adherence, especially with twice weekly dosing. 

Unfortunately, the immune systems of some he-
mophilia patients “see” factor VIII or factor IX as a 
foreign protein leading to production of antibodies. 
Antibodies (inhibitors) directed against factor VIII 
or factor IX neutralize the procoagulant effect and 
render standard treatment useless. Development of 
inhibitors is currently the most serious complication 
of factor replacement therapy. About 25 percent of 
hemophilia A patients develop inhibitors, as do 3 to 
5 percent of hemophilia B patients.

Typically, inhibitors are seen in those with severe 
hemophilia, but there is increasing recognition that 
inhibitors develop in mild or moderate hemophil-
ia, usually after intense factor exposure related to 
trauma or surgery. Luckily, development of inhibi-
tors is no longer associated with increased mortality. 
However, in those with inhibitors, bleeding is more 
difficult to control because the treatments are not 
as effective as standard factor replacement, devastat-
ing joint disease and disability can occur, and major 
clinical and economic challenges occur. Those who 
develop inhibitors develop end-stage joint damage at 
a much earlier age (20s) than those who do not (40s).

Treatment of inhibitor patients is very compli-
cated, extremely expensive, and absolutely requires 
hemophilia treatment center (HTC) expertise 
because these patients are rare and treatment op-
tions have significant limitations. Factor replace-
ment therapy is not possible; treatment options 
are currently limited to bypassing agents. Bypass-
ing agents, such as activated prothrombin complex 
concentrates (aPCC) and recombinant factor VIIa 
(rFVIIa), are used to treat acute bleeding in people 
with high antibody titers. These agents have in-
complete (75 – 90%) and unpredictable efficacy. 
No standard laboratory monitoring for this therapy 
exists and thrombosis is a real risk.

Issues with the older factors have led to the de-
velopment of extended half-life factor concentrates. 
The half-life of the factors is extended by modify-
ing the recombinant factor VIII and IX proteins 
through Fc fusion, albumin fusion, and PEGylation. 
Longer half-life means less frequent infusions, which 
means improved adherence and better protection 
from bleeding. This should translate to improved 
outcomes. For example, long-acting factor IX has a 
half-life of 80 to 90 hours compared with 18 to 24 

Exhibit 2: Extended Half-Life Products

Product Mean Half-Life 
(hours) Prophylactic Dose

Factor VIII

Eloctate 19.7 50 U/kg every 4 days, then adjust dose by  25 – 65 U/kg 
and interval by 3 – 5 days

Adynovate 14.7 40 - 50 U/kg 2x/week

Factor IX

Alprolix 86 50 U/kg every 7 days, OR 100 U/kg every 10 days; then 
adjust based on individual response

Idelvion 104 25-40 U/kg every 7 days; 
If well controlled, may try 50-75 U/kg every 14 days
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hours for the non-long-acting product. This results 
in an initial dosing regimen for long-acting factor 
IX of every seven to 10 days compared with every 
three days. The first to market were Alprolix® (Fac-
tor IX, March 2014) and Eloctate® (Factor VIII , 
June 2014), which are Fc fusion products where the 
factor molecule is linked to a protein fragment, Fc, 
which is found in antibodies. Adynovate (Nov 2015) 
is PEGylated factor VIII and Idelvion (March 2016) 
is an albumin fusion factor IX. There are three more 
PEGylated long-acting products likely to be ap-
proved within the next few years.

When considering whether a long-acting factor is 
best for a given patient, clinicians have to consider 
age, adherence, venous access, activity types and pat-
tern, baseline bleeding phenotype, peak/trough fac-
tor levels needed to protect based on activity pattern, 
and joint status. Annualized bleeding rate (ABR) is 
another factor to consider. For example, a young man 
with an ABR of zero on shorter-acting recombinant 
factor replacement has no room for improvement. If 
the reason he is not bleeding is that he spends all his 
time sedentary, he may benefit from a change in treat-
ment that will allow an increase in function. Simi-
larly, an adult who is currently active and very func-
tional but has an ABR of 2 will become sedentary and 
nonfunctional over time without a change in therapy. 

With the long-acting factors, it is known they are 
highly effective for prophylaxis, acute bleeds and 
surgery with safety comparable to existing prod-
ucts. There has been a high degree of patient satis-
faction with the long-acting factors and adherence 
has generally improved. There are not a lot of data 
on use of long-acting factors in previously untreated 
patients. The data so far appear good in these pa-
tients. Ongoing challenges include whether patients 
need management of acute bleeds with long-acting 
agents, their role in inpatient settings, and cost. The 
combination of short- and long-acting products may 
become the standard; this would be similar to regu-
lar and long-acting insulin in a diabetic. The short-
acting factors would be used for acute bleeds and 
long-acting for routine prophylaxis. In the inpatient 
setting, continuous infusion of short-acting factors 
has been used for managing acute bleeds. Where 
the long-acting factors fit in for treatment of acute 
bleeds is unknown. The factors are expensive and 
more expensive than short-acting factors.

It is important to note that the long-acting fac-
tors are not interchangeable like the short- acting 
factors. Unlike standard half-life factor products, 
the extended half-life agents have clinically mean-
ingful pharmacokinetic differences and more com-
plex and varied dosing schedules (Exhibit 2). This 
has made product selection much more complicat-

ed for clinicians. 
Because treatment of hemophilia is complicated, 

those with moderate and severe disease should be 
cared for in a hemophilia treatment center. The re-
sources and expertise necessary for optimal manage-
ment of hemophilia in the current era do not exist 
outside of hemophilia treatment centers.

Other treatments under investigation include 
factor VIII mimetics, which function in the body 
like factor VIII, and therapies to rebalance the co-
agulation cascade. Importantly, both these types of 
therapy are unaffected by inhibitors. Emicizumab, 
the factor VIII mimetic, is a bispecific antibody for 
subcutaneous injection given once a week. It is de-
signed to support the interaction between factor IXa 
and X to restore clotting functions. Early data on 
this agent are very promising, and it will likely be 
approved in the next year. The idea with the re-
balancing therapies is to lower the amount of anti-
coagulant proteins, rather than replace the missing 
factors. ALN-AT3, which decreases antithrombin, 
and concizumab, an anti-tissue factor pathway in-
hibitor, are both in development. Gene therapy to 
cure hemophilia is still under investigation but has 
been a very slow process. 

	    
Conclusion
Those with hemophilia now have reliable access 
to safe factor replacement therapy. Aside from de-
velopment of inhibitors, hemophilic arthropathy is 
currently the most significant complication of he-
mophilia. Strict adherence to long-term prophylaxis 
is the only way to prevent hemophilic arthropathy 
and its devastating consequences. New treatments 
are beginning to address many of the barriers to ef-
fective prophylaxis. However, optimal use of these 
new treatments for personalized prophylaxis has 
made clinical decision making much more complex. 
Managed care can expect continued and substantial 
evolution in the management of hemophilia over 
the next several years.

Mark T. Reding, MD, is an Associate Professor of Medicine in the Divi-

sion of Hematology, Oncology, and Transplantation and Director, Cen-

ter for Bleeding and Clotting Disorders at the University of Minnesota 

Medical Center in Minneapolis, MN.
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Summary
Developments in the management and treatment of asthma include recognition of 
multiple phenotypes and asthma COPD overlap syndrome.  With increasing rec-
ognition of the different types of asthma, personalized medicine may be on the 
horizon.  For now, clinicians still select therapy based on symptoms and the degree 
of disease control.  Eventually, phenotypes and biomarkers will be used for therapy 
selection.

Key Points
•	 Asthma is a complex group of diseases with multiple phenotypes and treatments.
•	 Asthma severity is an intrinsic characteristic that guides therapy.
•	 Asthma control can be influenced by a number of important modifiable factors.
•	 Asthma and chronic obstructive pulmonary disease (COPD) can coexist in a  
	 significant proportion of patients.

ASTHMA USED TO BE EASY FOR CLINICIANS 
to understand; someone had it or they did not. As 
various phenotypes are being recognized, the dis-
ease has become more complicated to understand 
and manage (Exhibit 1).1 These phenotypes are 
based on inflammation and other factors and do 
overlap. Patients in the type 2 high phenotype are 
those with more allergic asthma. The severe asthma 
phenotype program has developed a method for 
clustering patients by phenotype based on a number 
of factors (Exhibit 2).2 The clusters have prognostic 
indications and patients can move between catego-
ries. Because patients may have clinical or patho-
logic features of more than one phenotype, there is 
limited ability to use these in general clinical prac-
tice at this time.

Practically, asthma is classified based on sever-
ity as intermittent, mild persistent, moderate per-
sistent, or severe persistent.3 The thought with this 
type of classification is there are intrinsic factors 
that determine severity. A difficulty is that the same 
symptoms used to determine severity are also used 

to determine disease control (controlled versus un-
controlled). This can make it difficult to distinguish 
whether a patient is severe persistent or moderate 
persistent but is uncontrolled. There is not a blood 
test or definitive clinical test for asthma severity. 

Many clinicians will only focus on asthma control 
rather than also considering severity. Several factors 
affect asthma control, including perception (locus 
of control, cultural), adherence, comorbidities (gas-
troesophageal reflux disease, sinus disease, allergic 
rhinitis), and triggers (tobacco smoke, pets, cock-
roaches, pollution, poor quality housing). PACT is 
an easy mnemonic to remember these factors. So-
cioeconomics is a major factor in achieving asthma 
control. For example, a homeless mother’s first pri-
ority is not whether her child has good asthma con-
trol. The best designed management plan is not go-
ing to overcome socioeconomic issues.

The Global Initiative for Asthma (GINA) is a 
similar program to the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD). GINA pub-
lished updated asthma guidelines in 2016. Exhibit 3, 

Improving Outcomes in the Management and 
Treatment of Asthma

David M. Mannino, MD 
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from the GINA guidelines, provides a way to help 
distinguish between uncontrolled disease and severe 
asthma. 4

Treatment is based on the severity classification 
and disease control. The GINA asthma manage-
ment guidelines recommend stepwise therapy based 
on classification, similar to the Expert Panel guide-
lines.3,4 The stepwise progression begins with low-
dose inhaled corticosteroids (ICS) and progresses in 
dose and the addition of a long-acting beta agonist 
(LABA) inhaler. The last step (Step 5) in the rec-
ommendations is referral to an asthma specialist for 
consideration of higher level therapies. 

The management of asthma is a continuous pro-
cess of assessment, adjustment, and review (Exhibit 
4).4 Unfortunately, asthma control assessment in the 
community is sparse. Clinicians don’t ask about, pa-
tients don’t report, and clinicians don’t document. 
Asthma control can be assessed at each visit with 
simple patient questionnaires. 

Review of all of the patient’s medications and ad-
herence at each visit is important. Patients need to 
understand the difference between rescue inhalers 
and controller medications and to recognize the im-

portance of continuing controller medications, even 
when they feel good. Many patients may believe 
that no symptoms equals no asthma. 

Appropriate medication adherence is vital for 
asthma control. It is especially important to assess 
that patients are using their inhalers correctly. Over-
all, efficient inhaler technique occurs in 46 to 59 
percent of patients. Mistakes in metered-dose inhal-
ers occur in about 37 percent of patients and in 35 
percent with dry-powder inhalers.5 

It is important that patients understand how to use 
an inhaler, whether new or a refill. Inhaler tech-
nique should be evaluated at each visit as part of 
medication reconciliation. Inhaler videos are avail-
able for instructing patients. These videos are avail-
able on the websites of inhaler manufacturers and 
on the American Association of Respiratory Care 
website (http://www.nationalasthma.org.au/man-
aging-asthma/how-to-videos/using-your-inhaler). 
New ones available on the website were specifically 
developed for primary care.

Managed care policies can contribute to loss of asth-
ma control. Automatic switching of inhalers because 
of formulary issues may result in loss of asthma control. 

Exhibit 1: Example Phenotypes1

IL = interleukin
CS = corticosteroids
GM-CSTF = granulocyte-macrophage

Eosinophilia
Neutrophilia Pauci-

Granulocytic

Asthma
Symptoms (wheezing, chest tightness, shortness of breath), Reversible airway obstruction

Type 2 High
IL-4, IL-5, IL-13, GM-CSF

Early Age of Onset Later Age of Onset

Type 2 Low

CS Responsive
(generally mild/moderate) Type 1 High

Type1/Th17 High?

Smoking
relatedAsthmatic

Granulomatosis

Severe Asthma

Obesity 
Related
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In addition to treating modifiable risk factors such 
as GERD, clinicians can improve asthma control by 
several actions. Clinicians can teach skills and pro-
vide support for guided asthma self-management. 
This comprises self-monitoring of symptoms and/
or lung function, a written asthma action plan, and 
regular medical review. Medications or regimens 
proven to minimize exacerbations should be pre-
scribed. Inhaled corticosteroid-containing con-
troller regimens reduce risk of exacerbations. All 
asthmatics should be encouraged to avoid tobacco 
smoke. For current smokers, smoking cessation ad-
vice and resources should be provided at every visit. 
Clinicians also need to look for occupational expo-
sures which may be triggering or exacerbating the 
disease. Occupational asthma should be considered 
in those with adult-onset asthma. About 20 to 30 
percent of adult onset asthma is thought to be due to 
occupational exposures. 

Patients who are not controlled should have their 
asthma treatment stepped up. This should be a sus-
tained step-up, for at least two to three months if 
asthma is poorly controlled. Before stepping up ther-
apy it is important to check that the symptoms are not 
due to something other than asthma, poor inhaler 

technique, or nonadherence. For patients with a viral 
infection or seasonal allergy exposure, a short-term 
step-up, for one to two weeks for example, may be 
needed. Patients with a written asthma action plan 
can do their own short-term increases in therapy.

Once a patient has good disease control maintained 
for three months, the clinician can consider stepping 
down asthma treatment. The goal is to find each pa-
tient’s minimum effective dose, which controls both 
symptoms and exacerbations and minimizes the risk 
of adverse effects. Stepping down ICS doses by 25 
to 50 percent at three-month intervals is feasible and 
safe for most patients. Completely stopping the ICS 
is not recommended in adults with asthma.

The recommended treatment option at Step 5 is 
referral for a specialist investigation and consider-
ation of add-on treatment. Add-on biologic therapy 
is an option for patients with moderate or severe eo-
sinophilic asthma or severe asthma that is uncon-
trolled on Step 4 treatment. Other add-on treat-
ment options at Step 5 include tiotropium for adults, 
sputum-guided treatment available in specialized 
centers, or add-on low-dose oral corticosteroids 
(≤7.5mg/day prednisone equivalent). Tiotropium, a 
long-acting anticholinergic, now has an asthma in-

Exhibit 2: Severe Asthma Phenotypes2

MAX FEV1

> 68% <68%

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

<108%

>108% Age of Onset

< 40 years > 40 years < 65%

BASELINE
FEV1

> 65%

MAX FEV1
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dication. It is appropriate as add-on therapy for adult 
patients with a history of exacerbations. The dosing 
is half the dose used for COPD. Oral corticosteroid 
regimens may benefit some patients, but have signif-
icant systemic side-effects. These should be avoided 
if possible. Bronchial thermoplasty is approved for 

severe and persistent asthma not well controlled 
with an ICS and LABA combination.

Biologic agents available for severe eosinophilic 
asthma include omalizumab (Xolair®) and mepo-
lizumab (Nucala®), and reslizumab (Cinquair®). 
Omalizumab is an anti-IgE antibody given as a 

Exhibit 3: How to Distinguish Between Uncontrolled and Severe Asthma4

Watch patient using their inhaler. 
Discuss adherence and barriers to use

Compare inhaler technique with a device-specific 
checklist, and correct errors;  recheck frequently. 
Have an empathic discussion about barriers to adher-
ence.

Confirm the diagnosis 
of asthma

If lung function normal during symptoms, consider 
halving ICS dose and repeating  lung function after 
2–3 weeks.

Remove potential  risk factors. Assess and  manage 
comorbidities

Check for risk factors or inducers such as smoking, 
beta-blockers,  NSAIDs, allergen exposure. Check 
for comorbidities such as rhinitis, obesity, GERD, 
depression/anxiety.

Consider treatment 
step-up

Consider step up to next treatment level.  Use 
shared decision-making, and balance potential ben-
efits and risks.

Refer to a specialist or  severe asthma clinic

If asthma still uncontrolled after 3–6 months  on Step 
4 treatment, refer for expert advice. Refer earlier if 
asthma symptoms severe,  or doubts about diagno-
sis.

Exhibit 4: Evaluation of Therapy4

Asthma medications
Non-pharmacological strategies
Treat modifiable risk factors
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Exacerbations
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Diagnosis
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subcutaneous injection every four weeks. Mepo-
lizumab and reslizumab are anti-interleukin-5 
monoclonal antibodies given as a subcutaneous 
injection and an intravenous infusion, respective-
ly, every four weeks. The biologics are expensive 
($10,000 – $30,000 yearly) but do reduce exacer-
bations and steroid dosing. There are many more 
therapies targeted at various immune factors under 
investigation. None of the biologic agents currently 
available or under study are “curative” for asthma 
at this time.

There is ongoing work in moving to personal-
ized medicine in severe asthma. Use of biomarkers 
to identify particular phenotypes and which patients 
are more likely to respond to a particular therapy are 
under study.

There is significant overlap between asthma and 
COPD, which now is called ACOS –asthma COPD 
overlap syndrome (Exhibit 5).6-8 There are probably 
two to four million people in the United States with 
ACOS. ACOS is defined by low lung function, epi-
sodic wheezing, nocturnal symptoms, eosinophilia, 
gastroesophageal reflux disease, limited reversibility 
of airflow limitation, hyperinflation, abnormal body 
composition, coexisting cardiac conditions, infec-
tion, and dyspnea. A patient can start with either 
asthma or COPD and evolve into ACOS. Generally, 
patients are treated with medications for both. 

Conclusion
Asthma is a complex group of diseases with multiple 
phenotypes and treatments. Asthma severity is an 

intrinsic characteristic that guides therapy. Asthma 
control can be influenced by a number of important 
modifiable factors. Asthma and COPD can coexist 
in a significant proportion of patients.

David M. Mannino, MD, is a Professor in the Department of Preven-

tive Medicine and Environmental Health at the University of Kentucky 

College of Public Health.
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Exhibit 5: Clinical Overlap Between COPD and Asthma6-8
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Summary
Approximately 700 regenerative medicines are en route to market, some of which 
hold the potential to transform patient care or even cure disease. These therapies 
are currently in their early days and are poised to enter payer and provider sys-
tems that may be ill prepared to receive them. This paper is a sentinel survey of 
the managed care state of the union and perspectives surrounding regenerative 
therapy by the National Association of Managed Care Physician’s Genomics Biotech 
and Emerging Medical Technology Institute. Key questions are proposed and value 
demonstration, patient access, reimbursement and pricing considerations and solu-
tions are discussed.

Introduction
Existing biopharmaceutical treatments have ad-
dressed a large number of unmet medical needs and 
improved patient outcomes over the past quarter 
century. With optimal use, these medicines have 
been shown to improve health outcomes of many 
chronic conditions such as diabetes, hypertension, 
and heart failure and helped to reduce the need for 
costly health care services, such as emergency room 
admissions, hospital stays, surgeries, and long-term 
care.1-4  In addition, there are now more than 250 
biotechnology health care products available to 
patients, many for previously untreatable diseases. 
These biotechnology advances are saving millions 
of lives and changing the odds of serious, life-threat-
ening conditions such as cancer and rare disease af-
fecting millions around the world.5 Treatment ap-
proaches such as personalized medicine have also 
improved upon conventional drug models by fo-
cusing treatment expenditures in a more controlled 
manner to enable provision of treatment to the right 
patient at the right time. Biopharmaceuticals can 
currently remediate some of society’s most intrac-
table illnesses, but once diffused into the broader 
clinical community, they are subject to the char-

acteristic challenges of traditional pharmaceuticals, 
namely overuse, underuse, and requirements for 
chronic treatment or uncertain medication switch-
ing decisions.6 Biopharmaceuticals also present chal-
lenges to the broader health care system in terms 
of increased cost burdens, long-term administration 
of non-curative treatments, variable effectiveness in 
broader populations, treatment resistance, and ad-
herence challenges. 

Regenerative medicines (e.g., tissue, cell, and 
gene-engineered therapies) are poised to have a 
similar influence on health care as monoclonal an-
tibody (mABs) based biopharmaceuticals and preci-
sion medicine. By leveraging the body’s innate re-
parative machinery, regenerative medicines have the 
potential to impact multiple physiological mecha-
nisms in a broader fashion to regenerate, repair or 
possibly cure disease. The primary difference is that 
while biopharmaceuticals are increasingly pursuing 
more targeted approaches, regenerative medicines, 
in contrast to past therapies, promise treatment ben-
efits that are not frequently seen in the context of 
modern medicine.

For this paper, the term “regenerative medicine” 
includes technologies comprising cell therapies (in-

GBEMTI Perspectives – Is Managed Care 
Prepared for Regenerative Medicine? Early 

Landscape and Reimbursement Considerations 
Eric Faulkner, Joshua Ransom, Adi Renbaum, and Geneva Briggs
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cluding cell therapy vaccines), gene therapies, and 
other biological materials (e.g., tissue-engineered 
materials, biological matrices, cell-derived regen-
erative components) that aim to restore functional-
ity to damaged tissue.9 Cell therapies may either be 
autologous (collected from one patient and returned 
to that same patient) or allogeneic (collected from 
one patient or source [including embryonic sources] 
and then transferred to another patient). Cells can be 
taken from a variety of sources (e.g., bone marrow, 
peripheral blood, umbilical cord, adipose tissue), 
though we remain at early stages of understand-
ing whether certain cell lines or sources have in-
herent benefits (e.g., greater persistence or potency) 
and risks (e.g., down-stream cancer development or 
immune rejection) than others. In some cases the 
cells are purified “as is” and in other cases cells may 
be modified, differentiated, transdifferentiated, or 
expanded in cell culture to increase the number 
of cells that may be administered in a dose. In rare 
cases, some treatment platforms involve genetic ma-
nipulation of cells to address some naturally occur-
ring defect (e.g., replacing inherited genetic abnor-
malities that cause disease with functionally normal 
ones, among other types of molecular genetic engi-
neering). Likewise, there are many variants of gene 
therapy in pipeline development today and gene 
editing and related emerging approaches have en-
abled evolution of current technologies with poten-
tial to overcome limitations of initial experimental 
therapies. Administration of regenerative therapies 
can occur in many ways, though most commonly 
involve either infusion, simple injection (e.g., treat-
ment site is intramuscular) or complex administra-
tion (e.g., use of novel catheter delivery systems or 
surgical implantation of biocompatible matrices that 
hold cells in place). All said, this is a complex and 
rapidly evolving area where many approaches are 
currently being advanced.

While regenerative medicine therapies bear simi-
larities to conventional biopharmaceuticals, they 
also differ in material ways that matter to managed 
care including:10

	 1.	Potential to cure some diseases or have 	
		  a more sustained duration of therapeutic 	
		  effect beyond conventional biopharmaceuticals.
	 2.	More complex value drivers, given often 	
		  greater procedural complexity associated with, 	
		  for example, obtaining cells, purifying or ma-	
		  nipulating cells or genes, gene editing, and ad	
		  ministering them to the desired target treat	-	
		  ment site. 
	 3.	Attributes of both medical devices/pro-	
		  cedures and biologicals (i.e., more like bio-	
		  logics in terms of mechanism of action, but 		

		  often more characteristic of devices or proce-	
		  dures in terms of administration and system 	
		  “fit”), resulting in more difficult integration 	
		  into existing reimbursement mechanisms that 	
		  are not built to easily accommodate such “hy-	
		  brid” therapies. In addition, current coding 	
		  and payment structures such as DRGs did not 	
		  anticipate therapies with true transformative 	
		  potential and often do not fit regenerative tech-	
		  nologies from their novelty, procedural com-	
		  plexity and cost of therapy perspectives.
	 4.	Functional components can span entire 	
		  episodes of care and can include require-	
		  ments for reimbursement of related pro-	
		  cedural steps, for some of the more complex 	
		  therapies, to achieve successful reimbursement 	
		  of the overall procedure/episode of care.
	 5.	Complex administration considerations - 	
		  (sometimes) requiring special provider train-	
		  ing or facilities. Also, many therapies are cur-	
		  rently developed as single administration thera		
		  pies, versus today’s recurrent dosing regimes. 	
		  On the one hand, single administration would 	
		  simplify treatment and access processes, but 	
		  also would challenge current value creation  
		  models and disrupt existing health incentive 	
		  structures.

Innovator technologies such as regenerative medi-
cines will be pressed to prove their value in an in-
creasingly challenging and restrictive health envi-
ronment as United States (U.S.) and global health 
decision makers are pushed to balance quality vs. 
cost and seek improved efficiency in health preven-
tion and treatment.11 In scenarios where regenera-
tive therapies offer long-term treatment of disease 
or cure disease altogether, such outcomes would 
also challenge our ideals around clinical and eco-
nomic benefits, including how we value, pay for and 
manage such therapies, including consideration of 
novel value recognition and payment models such as 
amortization or “pay-for-outcomes as you go” mod-
els that may flow from curative or nearly curative 
therapies.13 Such benefits, if established by this van-
guard of regenerative medicine technologies, may 
also enable redeployment of scarce health resources 
in increasingly restrictive payer and risk-based pro-
vider organizations. 

Some health technology assessment and payer 
groups, such as the National Institute for Health and 
Clinical Excellence (NICE), are taking stock of re-
generative medicines, identifying over 35 near-term 
pipeline technologies in this category, and are be-
ginning to consider how value assessment process-
es would change in light of technologies that may 
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forestall traditional treatments or remove the need 
for subsequent treatments altogether.12 This is a frac-
tion of the more than 700 regenerative technologies 
en route to market. According to the Alliance for 
Regenerative Medicine, almost 200 technologies 
have advanced to Phase II development, promising 
a surge of technologies that will rival anything that 
we have seen from conventional biologics to date.

In order to gain a better understanding of early 
U.S. payer perspectives surrounding regenerative 
medicines, a targeted Internet-based survey was 
conducted by the Genomics, Biotech, and Emerg-
ing Medical Technologies Institute (GBEMTI) of 
the National Association of Managed Care Physi-
cians (NAMCP) member medical directors. The 
following paper provides results of this survey and 
considers early issues surrounding integration of a 
new wave of regenerative medicine technologies 
into managed care medicine.

Methods 
The GBEMTI was established in 2011 as an insti-
tute of the NAMCP. The NAMCP represents med-
ical directors from payer, purchaser (employers), 
and provider systems such as IPAs, ACOs, PHOs 
and medical groups. The goal of the GBEMTI is 
to support and characterize the value of genomics, 
biotechnology, regenerative medicines and medi-
cal technologies as these new modalities enter and 
impact the health care system. The GBEMTI seeks 
to support collaborative stakeholder engagement 
around emerging health technologies to consider 
their potential to improve patient outcomes, impact 
on managed care management practices and value to 
the health care market place. The Institute is guided 

by an Executive Leadership Council (ELC), com-
prising approximately 100 payer and manufacturer 
members. The GBEMTI is unique in that it is a 
multi-stakeholder group centered around bringing 
medical director decision makers and manufactur-
ers together to address key trends and topics that are 
transforming U.S. health care and explore means to 
improve managed care decision making and patient 
access to emerging health technologies.

The GBEMTI is divided into four key technology 
divisions:
	 •	 Biopharmaceuticals, Orphan and Specialty 		
		  Products
	 •	 Diagnostics and Personalized Medicine
	 •	 Emerging Medical Devices and Combination 	
		  Products, including emerging e-connective 		
		  applications
	 •	 Regenerative Medicine

To address the objectives of the Institute, each di-
vision is focusing on unique questions and develop-
ing a series of perspective papers. The goal of this 
series of papers is to evaluate payer/managed care 
perspectives and implications for improving man-
aged care processes, policies, and patient outcomes 
for each core emerging technology area. Perspec-
tives and implications of regenerative medicines was 
chosen as an initial topic of the GBEMTI because 
of the future potential of these technologies to alter 
managed care practice and reflect the emphasis of 
the GBEMTI on the intersection of cutting-edge 
technology issues, managed care improvement and 
identification of rational policy solutions. This paper 
and prior ones published by the Institute have been 

Exhibit 1: Technology Types with the Greatest Potential to Impact Quality and Cost of Care

1 = Lowest Impact
10 = Highest Impact
n = 56

Nanotech

Cell and Gene Therapy

Personalized Medicine

Molecular Dx

Medical Device

Vaccine 

Biologic

Small Molecule

0%	 25%	 50%	 75%	 100%

1 - 2
3 - 4
5 - 6
7 - 8
9 - 10
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Exhibit 2: Overall Impact that Regenerative Medicine Technologies  
May Have on the Health Care Practice

Transformative, offering options 
not possible with conventional 
biopharmaceuticals

Significant impact, but few may be 
transformative

Comparable to existing standards of 
care

No impact

6%

61%

6%

28%

peer reviewed by the GMEMTI ELC.
The survey questions addressed key payer per-

spectives on regenerative medicine and highlights 
key issues relevant to payers, providers, and manu-
facturers. The survey was randomly disseminated to 
medical director members of the NAMCP and 56 
total responses were obtained, 41 of which included 
complete surveys. Of the total respondents, approxi-
mately 70 percent identified themselves as medical 
directors at commercial managed care organizations 
(MCOs) and 30 percent identified themselves as 
medical directors of health system and provider or-
ganizations (e.g., academic medical centers, hospital 
and other health systems, large physician practices). 
The sample also included payer decision makers 
from leading U.S. MCOs (i.e., Aetna, Cigna, Well-
Point, United Healthcare), which collectively repre-
sent more than 115 million covered lives in the U.S. 
Additional feedback was obtained through multiple 
working sessions of the ELC of the GMEMTI to 
add context and clarify responses. 

Findings and Implications 

Potential Impact of Regenerative Medicine
The survey asked respondents to consider a range 
of technology types that have the greatest poten-
tial to impact quality and cost of care; around 55 
percent of payer respondents indicated that cell and 
gene therapies ranked as very high or high (Exhibit 
1). This overall favorable ranking is comparable to 
novel medical devices and small molecules and just 
below personalized medicine and molecular diag-
nostics. Vaccines (including immunotherapies) and 
biologicals ranked the highest, perhaps because of 

the growing number of high impact technologies 
in these categories versus the relatively limited on-
market examples seen in regenerative medicines to 
date. While payer respondents appear to be gener-
ally favorable in terms of the potential value of in-
novative health technologies, the question did not 
consider evidence and cost parameters or differential 
acceptance drivers.

When asked more specifically about the overall 
impact potential of regenerative medicines, greater 
than 60 percent of respondents viewed regenerative 
medicines to have significant impact potential, but 
perceived that few would emerge as transforma-
tive (Exhibit 2). This is in light of the fact that 
most payer/provider respondents are unlikely to be 
aware of the approximately 700 pipeline regenera-
tive technologies currently en route to market.23 A 
significant minority, around 30 percent, considered 
the overall category to be potentially transforma-
tive, changing practice of medicine, or enabling 
treatment outcomes not possible with conventional 
pharmaceuticals. This suggests that managed care 
decision makers are hopeful that regenerative medi-
cines can offer important improvements in care de-
livery and outcomes, but given the sparse number of 
currently marketed technologies, most are reserving 
judgment until there is a stronger basis for appraising 
the promise of this novel treatment category.

Given the nascence of the field of regenerative 
medicine, respondents were asked where efforts to 
develop new technologies would best be deployed. 
As might be expected, payer responses were hetero-
geneous in terms of advancing “one single disease” 
that should be targeted by regenerative medicines, 
but generally focused on (a) chronic and/or costly 
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illnesses with high unmet need (e.g., diabetes) or (b) 
debilitating and degenerative diseases that lack dis-
ease-modifying treatment options (e.g., spinal injury 
or chronic kidney disease)( Exhibit 3). Orphan or 
rare diseases were not raised by payer respondents, 
which is not a reflection of the relative importance 
of advancing potentially life altering/saving thera-
pies in this category – NAMCP payers are uniform 
in their acknowledgement of the need for advances 
in this area – but instead, the areas suggested reflect 

need in terms of both financial impact and unmet 
need. Of the categories specifically advanced by re-
spondents, diabetes, neurodegenerative disease, and 
arthritic or related conditions represented the great-
est fraction at 20 percent each respectively. GBEMTI 
ELC feedback further suggested that factors such as 
patient population size, unmet need, effectiveness/
safety of available alternatives, and cost offset poten-
tial are general factors that would be considered in 
assessing the value of any new therapy, including in 

Exhibit 3: If Regenerative Medicines Could Be Successfully 
Developed for Any One Disease, What Would it Be?
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Exhibit 4: Which 3 Areas Represent the Greatest Unmet Medical 
Need and Which Have Achieved Cell Therapy Coverage?
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particular regenerative medicines that were viewed 
as having potentially higher costs compared with 
conventional alternatives.

Current Landscape for Regenerative Medicines
Of the areas where regenerative medicines have re-
ceived coverage in the U.S. according to payer re-
spondents, the majority have been in bone marrow 
transplant, cancer immunotherapies, and wound 
care (Exhibit 4). The remaining covered regen-
erative therapies encompass a wide array of disease 
areas. From the survey it is unclear whether these 
covered therapies are still in clinical research where 
some costs of research are covered or are fully cov-
ered therapies (including potentially non-commer-
cial therapies administered in a hospital). This is in 
stark contrast to the areas indicated by payers as rep-
resenting the greatest unmet need, including stroke, 
heart failure and diabetes. However, the reality is 
that cell therapies are currently being developed for 
an array of diseases, ranging from broad indications 
(e.g., cardiovascular and neurology) to specialty ar-
eas (e.g., Parkinson’s disease) and orphan diseases. 

A targeted search of available U.S. payer coverage 
policies was also conducted to support this publica-
tion and provide a view into the current U.S. situa-
tion for in-line regenerative products already avail-
able for use in the marketplace (Exhibit 5). This 
search was not intended to capture all available U.S. 
policies on regenerative technology applications, 
but should provide a comprehensive and representa-
tive sample of the current U.S. coverage landscape 
for regenerative medicines. Results of this assess-
ment show that coverage across existing regenera-
tive medicine applications is highly variable and a 
significant number of regenerative technologies or 
applications are considered non-covered and inves-
tigational/experimental. In scenarios where cover-
age was rejected, the most common rational cited by 
payers included poor study design (including sample 
size, patient characteristics, lack of sufficiently ro-
bust trial design to reduce potential for bias and con-
founding, gaps in evidence, and primary endpoint 
selection) and unclear or inconsistent outcomes. 
One unusual observation is that some policies cat-
egorically include non-coverage of a wide range 
of regenerative treatment applications in scenarios 
where commercially marketed products do not yet 
appear to exist. Discussion with ELC and national 
medical directors of some leading commercial plans 
clarified that this finding does not indicate that such 
technologies will not be covered in the future, but 
does reflect two issues (a) regenerative medicine is 
on the payer radar and (b) there is a significant con-
cern that some regenerative therapies which can be 

developed as “home brews in hospital” will be used 
via existing billing codes without appropriate quality 
controls or sufficient evidence backing them. Payer 
conversations beyond the survey clarified that if the 
evidence of the value of regenerative medicines will 
live up to the promise, payers would welcome those 
technologies that have the potential to substantially 
improve patient outcomes. Deeper review of poli-
cies confirmed that in areas where specific technolo-
gies have developed robust, quality evidence dem-
onstrating clear and consistent outcomes benefits, 
coverage has been achieved. This also reflects that 
novelty of regenerative technology alone is insuffi-
cient to achieve reimbursement and that regenera-
tive medicine manufacturers are well warranted to 
carefully consider payer and other stakeholder deci-
sion drivers and align evidence development plans 
early in development to address key clinical issues 
and unmet need in target disease areas.

Evidence for Assessment of Regenerative 
Medicines and Potential Management Models
The most important factors for assessing regen-
erative medicine, not surprisingly, included effec-
tiveness measures (i.e., outcome-based, compara-
tive, and durable), safety, scientific rationale, and 
cost (Exhibit 6), with durable effectiveness rated 
as most important by approximately 50 percent of 
respondents. Interestingly, when one considers re-
sponses that received at least a 70 percent or higher 
response, a broader view of what payers are looking 
for to value regenerative medicines becomes clearer. 
Approximately 90 percent of respondents indicated 
that efficacy with hard outcomes (e.g., measure-
ment of mortality or key morbidity metrics) was the 
most important consideration; however, 50 percent 
of this category also noted that surrogate outcomes 
may also be important in more fully characterizing 
therapy value, though they should ideally be in-
corporated into a more comprehensive value story. 
Other areas that emerged as very important includ-
ed durability of treatment effect, safety, compara-
tive effectiveness and rationale for clinical response. 
Medical society support, while very important to 
some payers, ranked lowest of the tested variables, 
though clinical guidelines were noted as particularly 
persuasive in ELC discussions. Overall, these results 
indicate that a variety of factors will be critical for 
manufacturers to consider and address in establish-
ing plans for value demonstration of regenerative 
medicine pipeline assets. 

Expanding upon survey findings on durability of 
treatment effect, payers from the ELC clarified that 
the core value argument for regenerative medicine is 
that the therapy not only provides substantial clini-
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cally relevant improvement over alternatives, but 
that it also works for a meaningfully longer time vs. 
conventional drug treatments. ELC members clari-
fied that even a curative therapy may be viewed as 
having limited value in a scenario where the treat-
ment effect would not last much longer than that 
achieved with standard of care (SOC) therapies and 
cost of re-administration is higher. In open discus-
sion, payers also generally held a view that regen-
erative medicines will be significantly more costly 
than available therapies, reflecting a potential need 
for industry to communicate that this is not nec-
essarily the case as treatments continue to emerge. 
Several payers voiced strong concerns about afford-
ability of potentially curative therapies, citing the 
substantial cost burden associated with recent po-
tentially curative hepatitis C therapies. Additionally, 
ELC members indicated that since these therapies 
are truly novel, information about benefits/risks 
(versus other regenerative platforms) and long-term 
safety effects is also important, a minority citing 
concerns about downstream cellular rejection (and 
treatment with immunosuppressive agents) and on-
cology risks. This uncertainty is something that the 
vanguard of regenerative medicine product manu-
facturers should consider in articulating their value 
propositions to payers.

In reference to management models, the majority 
of payer respondents (90 percent replied greater than 
7 out of 10) indicated that evaluation of comparative 
effectiveness to standard of care/ existing therapies 
would be considered in the context of regenerative 
medicine (Exhibit 7) and that payers would evalu-
ate the entire regenerative procedure/episode of care and 
not just consider management of the cells alone. 
This suggests that manufacturers should (a) consider 
ways to assemble comparative evidence (e.g., indi-
rect treatment comparisons) because the payers will 
look for this information or assemble it on their own 
and (b) consider framing the episode of care that 
the procedure entails in articulating the regenerative 
therapy’s additive value proposition beyond SOC or 
in-line alternatives.

Payers would also consider limitations on repeat 
administration and, though the survey was unclear, 
some may potentially consider additional adminis-
trations as part of the initial procedural payment es-
tablished for the therapy (depending upon timing). 
This would be a key consideration for any regenera-
tive treatments that have a single-time administra-
tion, including emerging gene therapies and gene-
modified and cell-based immunotherapies, as such 
a provision could limit payment to manufacturers 
and providers for a re-administration event. Discus-
sions with ELC members indicate that similar poli-

cies have been associated with some traditional bone 
marrow transplant and other inpatient procedures, 
but are usually time-limited where additional care 
(e.g., hospitalizations) is absorbed into the initial di-
agnosis related group (DRG) payment. 

Coverage with evidence development and new 
co-pay models were also noted as strong possibili-
ties for regenerative medicine, given potential for 
prolonged duration of treatment effect or a cure. 
The possibility of establishing long-term duration 
of effect by following every patient that receives the 
therapy was not explicitly discussed with payers, but 
is likely a preferable means of establishing a long-
term or curative claim versus “back end” approaches 
such as coverage with evidence development that 
are likely to reflect disconnects between evidence of 
value and pricing potential at launch. This highlights 
a key opportunity in regenerative medicine and/or 
for potentially curative therapies for manufacturers 
to have open collaborative discussions where new 
payment models would be supported by evolving 
evidence of product value. While risk sharing agree-
ments were the least likely to be considered by U.S. 
payer respondents, this finding should be considered 
in the context that such models are rarely applied in 
the U.S. compared with non-U.S. markets like the 
United Kingdom and Italy. Novel payer-manufac-
turer or provider-manufacturer partnerships were 
not considered explicitly in the survey, but may 
represent a collaborative opportunity to character-
ize real-world treatment value if the treatment in 
question is targeted towards an area of high unmet 
need or limited cost-effectiveness/impact from the 
payer’s or provider’s perspective.

Complexities Associated with Reimbursement of 
Regenerative Medicines
In terms of their effectiveness, usage, and pricing 
characteristics, the most complex regenerative med-
icines are comparable to the best and worst of bio-
logicals and devices. The survey explored a few of 
these issues, which are addressed in the following 
two broad categories. 

1. Regenerative medicine technologies may in-
volve multiple therapeutic steps involving cell ex-
traction, processing/purification and administra-
tion, which complicate reimbursement. 

Discussions of accommodating emerging regen-
erative medicine therapies with the current coding 
platforms (e.g., inpatient and outpatient) in ELC 
meetings suggested that existing coding systems 
may not be sufficiently established to easily support 
cell therapies. For example, existing payments for 
inpatient treatment scenarios may not anticipate or 
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Exhibit 5: Overview of U.S. Commercial Payer Coverage Policies on Regenerative Medicines

Disease 
Area/Application

Technology 
Description

Coverage 
Position Rationale

Critical limb 
ischemia/PAD14,35

• Autologous, including 
studies representing 
multiple cell sources

• Non-covered, investi-
gational

• 
 
• 

Studies small and poorly pow-
ered 
Study designs were non-ran-
domized, non-controlled 
Guidelines did not address cel-
lular therapies

Cardiovascular ap-
plications (e.g., con-
gestive heart failure, 
myocardial ischemia/
infarction)15,19,20,21,2

• Autologous, including 
studies representing 
multiple cell types

• Non-covered, investi-
gational

• Not specified in policy

Diabetes and meta-
bolic disease applica-
tions16,41

• Autologous or cadav-
eric pancreatic islet  
cells

• Covered for patients 
receiving total or near-
total pancreatectomy 
for severe chronic pan-
creatitis

• 
 
 

 
• 

•

Evidence suggests that the 
treatment prevents or addresses 
surgical diabetes by enabling 
patients to produce their own 
internal insulin 
Support from the American 
Diabetes Association 
NICE report supporting therapy

Othopedic applica-
tions17,18

• Mesenchymal cell 
therapy and various 
allograft or bone graft 
substitutes

• Non-covered, investi-
gational

• 
 
• 

Studies small and poorly pow-
ered 
Study designs were non-ran-
domized, non-controlled 
Some products did not have 
FDA clearance

Spinal Fusion33 • Stem cells for spinal 
fusion

• Non-covered, experi-
mental

• 
 
•
•

No randomized controlled trials 
(RCTs) 
Insufficient evidence  
No statistically significant 
improvements in neurological 
function after stem cell treat-
ment

Sickle Cell Disease 
and 
Thalassemia Major34

• Allogenic hematopoi-
etic stem cell transplan-
tation

• 
 
 
•

Covered for myleoabla-
tive applications with 
HLA matched donor 
Non covered non-myl-
eoablative applications

• 

•

Small and/or poorly designed 
studies 
Heterogenous conditioning 
regimens 

Autoimmune Dis-
eases - 
including:36,38

• Hematopoietic stem-
cell transplantation to 
HLA- 
matched donor

• Non-covered, investi-
gational

• 
 
• 
•
•

Small and/or poorly designed 
studies 
Inconclusive results 
Insufficient trial durations 
Insufficient overall evidence 
base
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accommodate costs of the cell/gene therapy com-
ponent beyond existing alternatives. Alternatively, 
outpatient scenarios where the cells may achieve 
separate payment, may involve multiple therapy 
steps ranging from cell extraction and processing 
to administration (e.g., some autologous methods 
involve cell mobilization, separation, purification, 
administration, and patient monitoring steps that 
in some reimbursement models may be separately 
payable), all of which must achieve acceptable re-
imbursement to optimize access and uptake. This 

means that regenerative medicine technology man-
ufacturers will need to be particularly diligent in 
early product coding assessments to understand if 
existing structures fit the regenerative application, 
as well as in planning for building a case to support 
novel coding, where appropriate. In other scenarios, 
payers understood that some treatments in this cat-
egory would be less complex and more similar to 
conventional biologicals from a coding and payment 
perspective (e.g., emerging monoclonal antibody 
immunotherapies).

Exhibit 5: Overview of U.S. Commercial Payer Coverage Policies on Regenerative Medicines (cont.)

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
 
• 
 
• 
•

autoimmune hemolytic anemia 
autoimmune hepatitis 
celiac disease 
Crohn’s disease 
cryptogenic cirrhosis 
dermatomyositis 
immune vasculitis 
juvenile idiopathic arthritis 
multiple sclerosis 
neuromyelitis optica 
polymyositis 
rheumatoid arthritis 
systemic lupus erythematosus 
systemic sclerosis, also known 
as scleroderma 
thrombotic thrombocytopenia 
purpura 
type I diabetes mellitus 
ulcerative colitis

Inherited Metabolic Disorders 
- including:37

• 
• 
 
• 
• 
• 
 
• 
• 
 
• 
 
• 
 
• 
• 
• 
• 
• 
• 
 
•

Alpha mannosidosis 
Cerebral X-linked Adrenoleu-
kodystrophy 
Farber disease type 2/3 
Gaucher disease types I and 3 
Hunter syndrome (MPS-II), 
attenuated form 
Hurler syndrome (MPS-IH) 
Krabbe disease (globoid 
leukodystrophy, GLD) 
metachromatic leukodystro-
phy (MLD) 
Maroteaux-Lamy syndrome 
(MPS-VI) 
Sly syndrome (MPS VII) 
Wolman disease 
Niemann-Pick disease type B 
Scheie syndrome (MPS-IS) 
Niemann-Pick disease type A 
Hunter syndrome (MPS-II), 
severe form 
Sanfilippo disease (MPS-III)

• Hematopoietic stem-
cell transplantation to 
HLA-matched donor

• All with the exception 
of Scheie syndrome 
(MPS-IS), Niemann-
Pick disease type A, 
Hunter syndrome 
(MPS-II) severe 
form, and Sanfilippo 
disease (MPS-III) are 
covered as medically 
necessary

• 

•

Extremely rare nature 
of these conditions 
was taken into account, 
though sufficient 
evidence was deemed 
available for covered 
indications 
Non-covered dis-
eases had little or no 
available evidence 
supporting stem cell 
transplantation

Disease 
Area/Application

Technology 
Description

Coverage 
Position Rationale
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Coding for multi-step treatments may represent 
a particular challenge because most coding systems 
have not anticipated regenerative medicines that 
may involve either multiple codes or closely blend 
device, drug, and other steps in completion of a pro-
cedure. Some therapies that are more “drug-like” 
such as intramuscular injection or infusion of cells 
or genes may more closely fit conventional biologi-
cal coding models, whereas more complex autolo-
gous therapies may not readily fit available coding 
schemes (because they do not anticipate such cross-
functional or complex therapies that can blend drug 
and device components), representing a potential 

reimbursement risk with payers and an adoption 
barrier for providers. Some commercial payer re-
spondents (variable by plan) did indicate that they 
can establish episode of care payments to cover the 
entire procedure for promising applications in the 
absence of appropriate existing coding structures. 
This reflects a need for the regenerative medicine 
industry to channel resources to education around 
regenerative medicines and evaluation of current 
payment models at both stakeholder and policy lev-
els to help prepare the marketplace for the hundreds 
of pipeline therapies currently in development. 

2. Regenerative medicine technologies have the 

Exhibit 5: Overview of U.S. Commercial Payer Coverage Policies on Regenerative Medicines (cont.)

Ocular Conditions - including:39,40 • Limbal stem cell 
transplantation

• Covered when medi-
cal management has 
failed, is contraindi-
cated, or not toler-
ated

• No specific rationale 
on coverage cited in 
policy• 

• 
• 
 
• 
• 
• 
•

Bullous keratopathy 
Corneal ulceration or defect 
Chemical or thermal ocular 
injury 
Pterygium, pseudopterygium 
Stevens-Johnson syndrome 
Neurotrophic keratopathy 
Hereditary aniridia, ectodermal 
dysplasia or dominantly inher-
ited keratitis

Wound Healing45,46,47,48 • Autologous, alloge-
neic, and xenograft-
based products

• Highly variable, 
with some products 
covered and others 
considered investiga-
tional

• Rationale supporting 
coverage and non-
coverage of individual 
technologies based 
on rationale on quality 
and sufficiency of avail-
able evidence

Gene Therapy42 • Gene therapy • Non-covered, investi-
gational

• No specific rationale 
on coverage cited in 
policy

Cancer Vaccines43,44 • Cell therapy or gene-
modified cell therapy 
vaccines

• Non-covered, investi-
gational

• 
 
• 

•

Trial results not yet suf-
ficiently conclusive 
Substantial variations 
in availabie trial results 
for some applications 
Use of cancer vaccines 
not recommended 
in clinical practice 
guidelines

Disease 
Area/Application

Technology 
Description

Coverage 
Position Rationale
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potential to offer a longer duration or therapeutic 
effect or even a cure for disease in some cases. 

Regenerative therapies promise prolonged dura-
tion of therapeutic effect or disease cures. The lon-
ger a regenerative therapy provides evidence that the 
therapy is still working, the more valuable it may 
become – this is particularly true in competitive in-
dications or scenarios where standard of care is par-
ticularly expensive. Chronic immunological condi-
tions like multiple sclerosis, rheumatoid arthritis or 
Crohn’s disease, which require long-term biological 
therapies, would be a prime example.

The survey responses suggest that conventional 
studies of six months to a year may be inadequate to 
characterize the value of regenerative therapies and 

that registries to follow patients up to two or more 
years may be necessary to support or optimize reim-
bursement potential (Exhibit 8). The responses also 
suggest that coverage with evidence development or 
risk sharing schemes may be appropriate to consider 
if duration of effect is believed to be longer term, 
though payers indicated uncertainty around engag-
ing in such approaches, stating that administrative 
approaches would need to be simple and easily ac-
tionable to be acceptable. Designing Phase I/II and 
II studies to collect outcomes data may be the most 
efficient and affordable bridge to help better address 
payer needs and establish duration of effect.

Regenerative medicine administration schedule 
was also highlighted in the context of duration of 

Exhibit 6: Rated Factors in Terms of Level of Importance 
Regarding Assessment of Regenerative Medicines for Coverage

1 - 2	 3 - 4	 5 - 6	 7 - 8	 9 - 10

Effectiveness - based on hard outcomes
Durability of treatment effect

Evidence of safety (including treatment related)
Comparative effectiveness vs. SOC alternatives

Established scientific rationale for clinical response
Cost of the cell/gene therapy component

Overall procedure costs
Quality of life impacts

Availability of long-term data
Effectiveness - based on surrogate outcomes

Physician/medical society support
0%	 20%	 40%	 60%	 80%	 100%

1 = Lowest Rate
10 = Highest Rate

Exhibit 7: Rated Likelihood of Approaches to be Applied 
to Novel Regenerative Medicine Technologies

1 = Lowest Rate
10 = Highest Rate

Comparative effectiveness

Limits on repeat administration

Coverage with Evidence Dev’t

New patient co-pay/coinsurance models

Risk sharing agreements

0%	 10%	 20%	 30%	 40%	 50%	 60%	 70%	 80%	 90%	 100%

1 - 2	 3 - 4	 5 - 6	 7 - 8	 9 - 10
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therapeutic effect. Some treatments may be com-
pleted with a single administration of the regenera-
tive medicine – where view of value and differen-
tiation will be linked to whether the regenerative 
therapy is administered a single time, via a couple 
of doses or multiple times (similar to convention-
al drug models). ELC members were interested in 
evaluating the value of single administration sched-
ules and would consider the cost of additional ad-
ministrations in value and annual cost assessments 
when reviewing alternative conventional therapies, 
as noted above. However, single administration 
models are unfamiliar and reflect value capture risks 
to manufacturers, as existing payment mechanisms 
do not anticipate such a scenario. 

The potential for curative therapies was also dis-
cussed. Though ELC members did acknowledge 
that the definition of what constitutes “a cure” is a 
moving target by disease and would be open to de-

bate, they generally felt that a cure would involve no 
need for re-administration of standard of care/alter-
native therapies (during duration of effect) that the 
regenerative therapy would replace. Introduction 
of purportedly curative treatments for hepatitis C, 
though not classified as regenerative medicine, was 
significant to this industry because it brought the 
issues of pricing and payment for curative therapies 
to the forefront of global debate in 2014 and 2015, 
though therapy cost levels have since more than 
halved versus initial market entry due to competition 
and other factors.24-26 EU entrance of one orphan 
regenerative gene therapy in 2014 (i.e., Glybera) of 
more than one million euros with an unclear value 
proposition supported by a surrogate endpoint (chy-
lomicron levels) was also folded into this discussion 
as an example of scenarios that managed care may 
increasingly face in the future.31-32 The possibility of 
a cure has introduced early discussions of how new 

Exhibit 8: Average Time-frame Thought Minimally Acceptable for 
Value Characterization of Regenerative Medicine Therapies.

Average

10 years

> 2 years

Up to 2 years

Up to 12 months

Up to 6 months

Varies

0.0%	 10.0%	 20.0%	 30.0%	 40.0%	 50.0%	 60.0%

11.1%

55.6%

27.8%

5.6%

Exhibit 9: Degree of Increase in Payment Could Regenerative Medicines Potentially 
Capture Under the Following Circumstances (listed in terms of percentage as a range)

Disease is cured (permanently)

Prolonged duration of therapeutic effect 2-3 
years longer than any established alternative

Prolonged duration of therapeutic effect 6 - 12 months 
longer than any established alternative

0%	 10%	 20%	 30%	 40%	 50%	 60%	 70%	 80%	 90%	 100%

0 - 25%       26 - 50%       51- 100%
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payment models may be required to accommodate 
truly curative therapies, including novel payment 
approaches such as milestone payments with claw-
back provisions, amortization and issuance of bond-
like payback approaches.27-30 While no conclusion 
in the debate around payment of curative therapies 
has been reached, emerging treatments may (a) push 
evolution of both the working definition of cura-
tive in a managed care context and (b) evolution of 
new payment approaches that address the potential 
affordability challenges of curative therapies. While 
payers may prefer a longer-term payout approach to 
spread finances and cap risks, manufacturers will be 
equally motivated to accrue payment upfront or in 
the most compacted timeframe possible to address 
their own revenue risks and ensure practical and 
viable business models. Other U.S. and EU pay-
ers, under current system constraints, may need to 
rely on an upfront payment approach due to system 
constraints, despite interests in other payout mod-
els.49 How curative therapy payment models will 
evolve for regenerative medicines remains a moving 
target and in early stages of debate and will vary 
by market and stakeholder (e.g., in scenarios where 
regional- or local-level contracting routes may of-
fer reasonable channels to market). Manufacturers 
would be warranted to model various scenarios and 
understand their viability among different markets 
and market archetypes.

Payer respondents in the survey did indicate that 
they would be willing to pay more for regenera-
tive therapies that would represent a cure or pro-
longed duration of therapeutic effect (Exhibit 9). 
More than 60 percent of the sample indicated that 
premiums of 50 to 100 percent (or higher) over ex-
isting treatments might be possible in the case of a 

disease cure and around 55 percent of the sample 
indicated that 26 to 50 percent premiums may be 
possible for therapies that deliver a complete abla-
tion of symptoms or disease progression for two to 
three years or more. While actual payment levels 
for curative or prolonged duration of therapeutic ef-
fect scenarios may exceed that covered in the survey 
based on question composition, it is an indicator that 
payers are willing to reimburse at premium levels 
those treatments that bring transformative value to 
patient care situations and areas of high unmet need.

Conversely, therapies that only improve outcomes 
for six to 12 months would, as anticipated, result in 
a lower perception of achievable premium. This re-
sult may also in part be influenced by several factors, 
including a) payer perspectives that regenerative 
medicines have the potential to be more costly than 
standard of care, b) uncertainty about the safety and 
effectiveness of these new therapies, and c) percep-
tions that a key benefit will be prolonged duration 
of therapy to justify any higher price versus standard 
of care. 

The severity of the disease was found to have a 
lower effect on payer perspectives regarding will-
ingness to pay premium prices. Around 30 percent 
of payers indicated that they would more heav-
ily consider a premium for regenerative medicines 
for fatal disease compared to around 20 percent for 
chronic/degenerative diseases (Exhibit 10). How-
ever, a majority of payers, around 55 percent, would 
not consider differences in premium payment justi-
fied under these conditions. This suggests that other 
factors besides disease severity, such as unmet need, 
level of competition, and availability of alternatives 
will also factor into pricing perceptions for regen-
erative medicines. 

Exhibit 10: Changes in Responses if the Disease is Fatal or Chronic and Degenerative.

Yes, Less	 Yes, More	 No	 Unsure/Depends

Fatal

Chronic/Degenerative

0%	 20%	 40%	 60%	 80%	 100%
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Study Limitations
Limitations of this analysis may include respondent 
bias, as it was not possible to determine whether re-
spondents held a particular interest in regenerative 
medicine and/or are early adopters. Based on the 
limited number of respondents, survey findings may 
not be fully representative of U.S. medical direc-
tor perspectives, but do point to trends in payer and 
provider views on regenerative medicine. 

Conclusions
As regenerative medicines continue to enter the 
marketplace, payers are optimistic that many of 
these technologies will have significant impact on 
patient outcomes. However, as the science evolves 
faster than highly-regulated, resource-constrained 
health systems can adapt to absorb some of these 
technologies, the following key areas will be critical 
to ensure appropriate uptake and value realization:

Education on the unique aspects of 
regenerative medicines: 
The simple fact is that from a technological stand-
point, this industry is complex, with the scientific 
principles underlying these therapies representing a 
pinnacle of our understanding of genetics, physiol-
ogy and systems biology. Manufacturers would be 
remiss in thinking that substantial educational ef-
forts will be not required to prepare payers, pro-
viders and patients for this coming wave of techno-
logical evolution. Practical issues such as how the 
therapy interacts with the body, whether gene-based 
therapies alter patients genetic makeup in a harm-
ful manner or not, and whether the technology can 
be “turned off” in the event of a safety risk, and 
potential for long-term risks/complications (e.g., re-
quirements for immunosuppression, potential of on-
cology or other physiological risks) are particularly 
important in this space. Although payers typically 
are ambivalent to mechanism of action provided that 
therapy works well and is safe, characterization of 
the risks and benefits of the myriad emerging plat-
forms upon which regenerative medicines are built 
will also be critical in this educational cascade. Ad-
ditionally, manufacturers must consider education 
and awareness-building for payers about the political 
and patient advocacy dynamics that surround novel 
technologies, and particularly those with potential 
to provide curative outcomes. This dynamic has tre-
mendous implications for influence by third-parties 
(such as regional and national legislators, national 
advocacy leadership, and other public service/pub-
lic health advocates) on payer decision-making. 
And to a lesser extent, the role of media and public 
awareness and perceptions for curative technologies 

should not be overlooked and can present unantici-
pated challenges and opportunities to motivate pay-
ers and other decision makers.

Collect data early and post-market:
In the U.S. market, and particularly given that sub-
stantial investment is already going into early and 
pivotal trials, manufacturers would be advised to 
integrate outcomes/economic thinking and patient 
follow-up that involves all patients who may receive 
the therapy. This approach enables a more cohesive 
value proposition to be established around duration 
of effect or curative potential. Otherwise, payers are 
left with no means to validate such claims. Likewise, 
these therapies will certainly be subject to post-
market requirements. The longer they are shown to 
work, the more valuable they will become, in some 
cases potentially jumping to front-line therapies in 
the case of fatal or degenerative diseases with sub-
stantial unmet need. The incremental investment in 
this strategy is minor compared to the overall in-
vestment in clinical evidence and potential to dem-
onstrate transformative benefits of these therapies.

Ensure a sufficiently comprehensive and clear 
value demonstration strategy: 
Some of the disease areas that are being targeted by 
regenerative medicines involve surrogate or other 
outcomes as primary outcomes that may not be suf-
ficiently clear to payers. This research suggests that 
payers consider many dimensions of value and re-
generative medicine; treatment developers would be 
well warranted to approach value demonstration in a 
comprehensive manner. Given the state of the indus-
try and fact that most developers are currently small 
to mid-sized companies, it is also important to devel-
op and pressure test evidence optimization plans and 
stakeholder acceptance potential early on to appro-
priately align development efforts to stakeholder core 
needs/questions and to differentiate “nice to know” 
versus “got to have” differentiation requirements. 
Payer scrutiny of these novel technologies will be 
high and manufacturers in this space will need to 
clearly demonstrate value beyond current treatments 
to secure a successful future for this industry.

Greater clarity on evidence expectations for 
long-term effective and curative therapies: 
The primary driver of regenerative medicine value 
proposition is that it will work better and longer 
than conventional therapies. To date, in the practice 
of medicine, it has rarely been necessary to define a 
“cure,” but this industry will certainly push those 
boundaries. The definition of cure may differ by 
disease and be driven by many factors such as etiol-
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ogy, effectiveness of alternatives and other factors. 
Likewise, the duration of therapy’s effect must stand 
out from conventional therapies and be considered 
carefully. Technologies that are viewed to have mar-
ginal effect and also enter at high cost are highly 
likely to stumble and fail. Manufacturers should 
consider what would be required for development of 
“transformative” technologies that will justify high-
er development investments and associated pricing 
of these therapies to optimize uptake. 

Evaluation of novel payment models for long-
term effective and curative therapies, particu-
larly under single administration scenarios: 
Currently, there is much debate around how single 
administration therapies with curative potential will 
be paid for. The extent to which up-front, single 
payment, amortized payment or either of these ap-
proaches with clawback or similar provisions will 
be acceptable under current systems is only at the 
earliest stages of being established. Single adminis-
tration models pose challenges for both payer and 
provider systems (e.g., ACO models) that are not 
geared to handle hefty front-loaded payments or in 
the context of rapid beneficiary churn, as well as 
manufacturers who must establish a sufficient ROI 
to be able to offer transformative therapies to the 
marketplace. ROI models currently appear daunting 
to all stakeholders in the value chain. Nevertheless, 
functional payment models for these therapies will 
be material to enabling patient access and ensuring 
incentives for the regenerative medicine industry to 
bring forth the best and most transformative treat-
ments for patient care.

Consider policy implications of 
regenerative medicine: 
There are a range of policy factors that must be 
considered for regenerative medicines, spanning 
value demonstration, coding, coverage and pay-
ment. Evidentiary requirements for demonstrating 
a “needle moving” duration of therapeutic effect or 
a cure should be considered, along with how to ad-
dress scenarios in which current procedural coding 
or payment mechanisms fall short in terms of ad-
dressing the realities of regenerative medicine tech-
nologies that do not fit in the conventional “box.” 
Factors such as rapid approval, patient follow-up 
requirements, differential HTA considerations and 
allocation of funding to the fraction of therapies that 
may emerge as truly curative in this area are also key 
areas in the debate.

In order to help managed care organizations pre-
pare for and adapt to regenerative medicines, manu-
facturers in this space would benefit from engaging 

in education around emerging approaches (includ-
ing benefits, risks and differentiation characteristics, 
value demonstration and reimbursement/payment 
issues). Payers and financially at-risk providers on 
the other hand (e.g., under IDN and ACO mod-
els) should clearly articulate how such technologies 
may enter a U.S. environment where bundling, ac-
countable care and other health system changes are 
driving new differentiation and acceptance models, 
including in the context of single administration po-
tentially curative therapies. Given the complexity of 
this emerging life sciences technology area, as well as 
its promise and potential, open stakeholder collabor-
ative interaction and planning are of paramount im-
portance to address the value demonstration, prac-
tice and policy evaluation required to ensure that the 
truly transformative technologies in this category 
will be available to patients in need of such solutions. 
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