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Multiple myeloma is a cancer of plasma cells in 
the bone marrow that often leads to bone de-
struction and bone marrow failure.1,2 Accord-

ing to the American Cancer Society, more than 26,800 
new cases of multiple myeloma were diagnosed in 2015, 
and 11,240 deaths were attributed to multiple myeloma.3

Representing approximately 1% of all cancers, multi-
ple myeloma is the second most common hematologic 
malignancy after non-Hodgkin lymphoma.4 The inci-
dence of multiple myeloma is higher among men than it 
is among women.1 Individuals aged ≥65 years, those with 
a family history of multiple myeloma, and those with a 
history of monoclonal gammopathy of undetermined 
significance are at an increased risk for multiple myelo-
ma.1 Common complications of multiple myeloma in-
clude bone pain, kidney dysfunction, bone loss, impaired 
immunity, and anemia.5

Although the overall incidence of multiple myeloma 
continues to increase, the mortality rates associated with 
this malignancy have declined during the past 20 years.1,6 
Specifically, the advent of novel therapy options for 
multiple myeloma, and improvements in high-dose ther-
apy and supportive care have contributed to extended 
survival for patients with multiple myeloma.6

New anticancer drugs and novel combinations have 
emerged in part because of improved understanding of 
the bone marrow microenvironment and the biology of 
multiple myeloma.7 Immune modulators and proteasome 
inhibitors now represent the cornerstones of initial treat-
ment for multiple myeloma based on their proven ability 
to enhance the overall response rates and survival.2,7

Because novel agents for multiple myeloma have had 
a considerable impact on the healthcare budget, under-
standing their relative cost-effectiveness is important for 
ensuring efficient use.8,9 Overall, 2 recent evaluations of 
the economics of these new agents in multiple myeloma 
resulted in similar conclusions.8,9 

One of the studies used claims data from more than 
2600 US-based patients with multiple myeloma, and 
found that the 1-year costs of bortezomib-based therapy 

were similar to those of non-novel combinations (ap-
proximately $112,000 each), whereas the costs of thalid-
omide- and lenalidomide-based regimens were signifi-
cantly higher (approximately $130,500 and $159,200, 
respectively) than non-novel combinations.8 In addi-
tion, patients taking thalidomide and lenalidomide had 
higher out-of-pocket costs in light of Medicare Part D’s 
coverage gap for outpatient drugs.8 

The second study modeled the cost-effectiveness of 
novel agents combined with melphalan and prednisone 
in patients with newly diagnosed multiple myeloma who 
were ineligible for a transplantation.9 The researchers 
concluded that adding bortezomib to melphalan and 
prednisone was more cost-effective than adding thalido-
mide or lenalidomide to this combination.9

Despite strides in treatment, patients with multiple 
myeloma will experience disease relapse after initial 
treatment, and several lines of therapy are typically re-
quired.10 Specifically, resistance to bortezomib and to 
lenalidomide is being observed with increasing frequen-
cy; therefore, there remains a marked need for additional 
therapeutic options for this patient population.10,11

Carfilzomib Receives Expanded Indications as 
Combination Therapy

On July 24, 2015, the US Food and Drug Administra-
tion (FDA) approved a new indication for carfilzomib 
(Kyprolis; Amgen) for use in combination with lenalid-
omide (Revlimid) plus dexamethasone for the treatment 
of patients with relapsed and/or refractory multiple my-
eloma who have received 1 to 3 lines of therapy.12 The 
expanded indication was based on data from the AS-
PIRE clinical trial, a phase 3 study demonstrating that 
the combination of carfilzomib, lenalidomide, and dexa-
methasone improved progression-free survival compared 
with lenalidomide and dexamethasone alone.12-14

Carfilzomib was initially approved by the FDA in 2012 
as monotherapy in patients with relapsed and/or refracto-
ry multiple myeloma who received at least 2 previous 
therapies, including bortezomib and an immunomodula-
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tory agent, and whose disease progressed during or within 
60 days after completing the previous therapy.15

On January 21, 2016, the FDA approved yet another 
indication for carfilzomib to be used in combination only 
with dexamethasone for patients with relapsed and/or 
refractory multiple myeloma who have received 1 to 3 
previous therapies.14,16 This decision also converted car-
filzomib’s monotherapy accelerated approval in this set-
ting to a full FDA approval.14,16 

Carfilzomib was approved for use in combination 
with dexamethasone alone based on data from the EN-
DEAVOR clinical trial, a phase 3 clinical trial demon-
strating a progression-free survival advantage for carfilz
omib plus dexamethasone compared with bortezomib 
plus dexamethasone.16,17 

Mechanism of Action
Carfilzomib is a proteasome inhibitor that irreversibly 

binds to the N-terminal threonine-containing active 
sites of the 20S proteasome, the proteolytic core particle 
within the 26S proteasome. In vitro studies demonstrat-
ed carfilzomib’s antiproliferative and proapoptotic prop-
erties in solid and hematologic tumor cells.14

Dosing and Administration 
Carfilzomib is administered intravenously in single-

dose vials containing 60 mg of the drug. Carfilzomib 
must be refrigerated before use.14

Hydration can be provided before and after carfilzo-
mib administration as needed. Premedication with oral 

or intravenous (IV) dexamethasone is appropriate before 
all cycle 1 doses, and if symptoms of an infusion reaction 
develop or reappear.14

Carfilzomib plus Lenalidomide and 
Dexamethasone

When given in combination with lenalidomide and 
dexamethasone, carfilzomib is administered as a 10-min-
ute IV infusion on 2 consecutive days weekly for 3 weeks, 
followed by a 12-day rest period. Each 28-day period is 
considered 1 treatment cycle.14 The recommended start-
ing dose of carfilzomib is 20 mg/m2 in cycle 1 on days 1 
and 2. If tolerated, the carfilzomib dose can be escalated 
to 27 mg/m2 on day 8 of cycle 1. After cycle 13, the day 
8 and day 9 doses of carfilzomib are omitted. Carfilzomib 
is discontinued after cycle 18.14 

Lenalidomide (25 mg) is taken orally on days 1 to 21, 
and dexamethasone (40 mg) is taken orally or intrave-
nously on days 1, 8, 15, and 22 of the 28-day cycles.14

Carfilzomib plus Dexamethasone
When given in combination with dexamethasone, 

carfilzomib is administered as a 30-minute IV infusion on 
2 consecutive days weekly for 3 weeks followed by a 12-
day rest period.14 

Carfilzomib should be administered at a starting dose 
of 20 mg/m2 in cycle 1 on days 1 and 2. If tolerated, the 
carfilzomib dose should be escalated to 56 mg/m2 on day 
8 of cycle 1.14 

Dexamethasone 20 mg is taken by mouth or intrave-
nously on days 1, 2, 8, 9, 15, 16, 22, and 23 of each 28-
day cycle.14 Dexamethasone should be given 30 minutes 
to 4 hours before the administration of carfilzomib.14

Clinical Trials
ASPIRE: Carfilzomib, Lenalidomide, and 
Dexamethasone

The FDA approval of carfilzomib for use in combination 
with lenalidomide and dexamethasone was based on results 
of ASPIRE, a phase 3, randomized, controlled, open-label 
clinical trial that enrolled 792 patients (median age, 64 
years) with relapsed and/or refractory multiple myeloma 
who had received 1 to 3 previous therapies.13,14 

Carfilzomib was administered for a maximum of 18 
cycles unless disease progression or unacceptable toxicity 
occurred earlier. Lenalidomide and dexamethasone ad-
ministration continued until disease progression or until 
unacceptable toxicity.14 

The median progression-free survival in patients re-
ceiving carfilzomib plus lenalidomide and dexamethasone 
was significantly higher than in patients receiving lenalid-
omide plus dexamethasone (26.3 vs 17.6 months, respec-
tively; hazard ratio, 0.69; P <.001; Table 1).13,14 

Table 1   �ASPIRE: Efficacy Results in Patients with Relapsed or 
Refractory Multiple Myeloma 

Efficacy end point

Carfilzomib, 
lenalidomide, + 
dexamethasone

(N = 396)

Lenalidomide + 
dexamethasone

(N = 396)

Overall response rate, % 87 67

Stringent complete 
response, %

14 4

Complete response, % 18 5

Very good partial 
response, %

38 31

Partial response, % 17 26

Progression-free 
survival, median, mo

26.3  
(95% CI, 23.3-30.5)

17.6  
(95% CI, 15.0-20.6)

Hazard ratio 0.69 (95% CI, 0.57-0.83)

P value (2-sided) .001

CI indicates confidence interval.
Source: Kyprolis (carfilzomib) injection prescribing information; 
January 2016.
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The median duration of response was 28.6 months for 
345 patients who achieved a response in the carfilzo-
mib-containing arm compared with 21.2 months for 264 
patients achieving a response with lenalidomide plus 
dexamethasone.14 The median time to response was 1 
month in both arms.14

According to the ASPIRE study investigators, the 
3-drug combination resulted in durable responses, a sub-
stantially higher response rate, and longer progression-free 
survival compared with the 2-drug combination without 
carfilzomib among patients with relapsed disease.13

ENDEAVOR: Carfilzomib plus Dexamethasone
The approval of carfilzomib plus dexamethasone was 

based on data from ENDEAVOR, an open-label, multi-
center clinical trial involving 929 patients (median age, 
65 years) with relapsed and/or refractory multiple myelo-
ma. Patients were randomized to carfilzomib plus dexa-
methasone (N = 464) or to bortezomib plus dexametha-
sone (N = 465).

Patients who received carfilzomib plus dexametha-
sone achieved a median progression-free survival of 18.7 
months compared with 9.4 months for bortezomib plus 
dexamethasone (P <.001; Table 2).14,16 Carfilzomib plus 
dexamethasone also demonstrated improved overall re-
sponse rate compared with bortezomib plus dexametha-
sone (77% vs 63%, respectively; P <.001).14,16 At the 
time of data analysis of the ENDEAVOR study, overall 
survival data were immature.14

Adverse Reactions
The most common adverse reactions occurring in at 

least 20% of patients who received carfilzomib in the 
combination therapy clinical trials included anemia, 
neutropenia, diarrhea, dyspnea, fatigue, thrombocytope-
nia, pyrexia, insomnia, muscle spasm, cough, upper respi-
ratory tract infection, and hypokalemia.14

In the ASPIRE study, serious adverse reactions lead-
ing to the discontinuation of carfilzomib were reported in 
12% of patients—pneumonia (1%), myocardial infarc-
tion (0.8%), and upper respiratory tract infection (0.8%) 
were the most common adverse reactions leading to 
carfilzomib discontinuation.14

In the ENDEAVOR clinical trial, adverse reactions 
leading to the discontinuation of carfilzomib occurred in 
20% of patients receiving carfilzomib—cardiac failure 
was the most common adverse reaction leading to carfilz
omib discontinuation.14

Carfilzomib has no contraindications and no drug 
interactions.14

Warnings and Precautions
Cardiac toxicities. New onset or worsening of preexist-

ing cardiac failure, restrictive cardiomyopathy, myocardial 
ischemia, and myocardial infarction, including fatalities, 
have occurred after carfilzomib treatment. Carfilzomib 
should be withheld for grade 3 or 4 cardiac events until 
recovery. The total fluid intake should be adjusted in pa-
tients at risk for or with baseline cardiac failure.14

Acute renal failure. Monitor renal function regular-
ly. The dose of carfilzomib should be reduced or withheld 
as appropriate.14

Tumor lysis syndrome (TLS). Cases of TLS, includ-
ing fatalities, have occurred with carfilzomib.14 Patients 
with a high tumor burden are at an increased risk for 
TLS. Adequate hydration is important before adminis-
tration of carfilzomib in cycle 1, and in subsequent cycles 
as needed. Uric acid–lowering drugs can be considered in 
patients at risk. Carfilzomib should be interrupted until 
TLS resolves.14

Pulmonary toxicity. Acute respiratory distress syn-
drome, acute respiratory failure, pneumonitis, and inter-
stitial lung disease can occur with carfilzomib therapy. 
Carfilzomib should be discontinued if drug-induced lung 
toxicity is observed.14

Pulmonary hypertension. Carfilzomib should be 
withheld for pulmonary hypertension until resolution.14 

Dyspnea. Carfilzomib should be discontinued for 
grade 3 or 4 dyspnea until resolution.14 

Hypertension. Hypertension, including hypertensive 
crisis and emergency, has been reported with carfilzomib.14 
Monitor blood pressure regularly. If hypertension cannot 

Table 2   �ENDEAVOR: Efficacy Results in Patients with Relapsed or 
Refractory Multiple Myeloma 

Efficacy end pointa

Carfilzomib + 
dexamethasone

(N = 464)

Bortezomib + 
dexamethasone

(N = 465)

Overall response rate, % 77 (95% CI, 73-81) 63 (95% CI, 58-67)

Stringent complete 
response, %

2 2

Complete response, % 11 4

Very good partial 
response, %

42 22

Partial response, % 23 34

Progression-free 
survival, median, mo

18.7  
(95% CI, 15.6–

unavailable)

9.4  
(95% CI, 8.4-10.4)

Hazard ratio 0.53 (95% CI, 0.44-0.65)

P value (2-sided) <.001
aAt the time of data analysis, the overall survival data were immature.
CI indicates confidence interval.
Source: Kyprolis (carfilzomib) injection prescribing information; 
January 2016.
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be adequately controlled, carfilzomib should be withheld.14

Venous thrombosis. Patients receiving carfilzomib 
have experienced venous thromboembolic events, in-
cluding deep-venous thrombosis and pulmonary embo-
lism.14 Thromboprophylaxis may be appropriate.14

Infusion reactions. Infusion reactions, including 
life-threatening events, have occurred up to 24 hours 
after the administration of carfilzomib. Dexamethasone 
should be administered before carfilzomib to reduce the 
incidence of infusion reactions.14

Thrombocytopenia. Approximately 40% of patients 
receiving carfilzomib had thrombocytopenia in clinical 
trials.14 Monitor platelet counts frequently.14

Hepatic toxicity/failure. Liver enzymes should be 
monitored regularly.14

Thrombotic microangiopathy. Cases of thrombotic 
microangiopathy have been reported with carfilzomib. The 
drug should be discontinued if thrombotic thrombocytope-
nic purpura/hemolytic uremic syndrome is suspected.14

Posterior reversible encephalopathy syndrome 
(PRES). Carfilzomib should be discontinued if PRES is 
suspected.14

Use in Specific Populations
Pregnancy. Carfilzomib may cause fetal harm. Women 

of reproductive potential should avoid becoming preg-
nant while receiving carfilzomib.14

Lactation. There are no data regarding the presence 
of carfilzomib in human milk, the effects on the breastfed 
infant, or the effects on milk production.14

Reproductive potential. Women of reproductive po-
tential should use effective contraception during treat-
ment with carfilzomib, and for at least 30 days after 
completing therapy.14

Pediatric use. There are no data about the safety and 
effectiveness of carfilzomib in pediatric patients.14

Geriatric use. No overall differences in the effective-
ness of carfilzomib were observed between older and 
younger patients in the ASPIRE and the ENDEAVOR 
clinical trials. The incidence of serious adverse events 
increased with age.14

Renal impairment. No adjustment to the starting 
carfilzomib dose is necessary in patients with baseline 
mild, moderate, or severe renal impairment, or in patients 
on long-term dialysis. Carfilzomib should be administered 
after the dialysis procedure.14

Conclusion
Carfilzomib, an IV proteasome inhibitor, now has 3 

FDA-approved indications in relapsed and/or refractory 

multiple myeloma: as monotherapy, in combination with 
dexamethasone, and in combination with lenalidomide 
and dexamethasone. Carfilzomib-based combinations 
demonstrated significantly longer progression-free surviv-
al compared with active comparators based on the find-
ings from the ASPIRE and ENDEAVOR clinical trials.

The promising clinical activity of carfilzomib contin-
ues to be evaluated in patients with multiple myeloma, as 
well as in other hematologic malignancies and in relapsed 
solid tumors.18 n

References
1. National Cancer Institute. A snapshot of myeloma. November 5, 2014. www.
cancer.gov/researchandfunding/snapshots/myeloma. Accessed January 26, 2016.
2. National Comprehensive Cancer Network. NCCN Clinical Practice Guide-
lines in Oncology (NCCN Guidelines): multiple myeloma. Version 3.2016. 
January 15, 2016. www.nccn.org/professionals/physician_gls/pdf/myeloma.pdf. 
Accessed January 26, 2016.
3. American Cancer Society. Multiple myeloma: what are the key statistics 
about multiple myeloma? Revised January 19, 2016. www.cancer.org/cancer/
multiplemyeloma/detailedguide/multiple-myeloma-key-statistics. Accessed Jan-
uary 26, 2016.
4. Smith L, McCourt O, Henrich M, et al. Multiple myeloma and physical ac-
tivity: a scoping review. BMJ Open. 2015;5:e009576. Erratum in: BMJ Open. 
2016;6:e009576corr1.
5. Mayo Clinic staff. Diseases and conditions: multiple myeloma: treatments 
and drugs. December 4, 2015. www.mayoclinic.org/diseases-conditions/multiple-
myeloma/basics/treatment/con-20026607. Accessed January 26, 2016.
6. Kumar SK, Rajkumar SV, Dispenzieri A, et al. Improved survival in multiple 
myeloma and the impact of novel therapies. Blood. 2008;111:2516-2520.
7. Andrews SW, Kabrah S, May JE, et al. Multiple myeloma: the bone marrow 
microenvironment and its relation to treatment. Br J Biomed Sci. 2013;70:110-120. 
8. Teitelbaum A, Ba-Mancini A, Huang H, Henk HJ. Health care costs and 
resource utilization, including patient burden, associated with novel-agent-
based treatment versus other therapies for multiple myeloma: findings using 
real-world claims data. Oncologist. 2013;18:37-45. 
9. Garrison LP Jr, Wang S-T, Huang H, et al. The cost-effectiveness of initial 
treatment of multiple myeloma in the U.S. with bortezomib plus melphalan and 
prednisone versus thalidomide plus melphalan and prednisone or lenalidomide 
plus melphalan and prednisone with continuous lenalidomide maintenance 
treatment. Oncologist. 2013;18:27-36.
10. Munshi NC, Anderson KC. New strategies in the treatment of multiple 
myeloma. Clin Cancer Res. 2013;19:3337-3344.
11. Lee HC, Shah JJ, Orlowski RZ. Novel approaches to treatment of double-
refractory multiple myeloma. Am Soc Clin Oncol Educ Book. 2013:e302-e306. 
12. US Food and Drug Administration. Drugs: carfilzomib/kyprolis. Updated 
July 24, 2015. www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/
ucm455873.htm. Accessed January 25, 2016.
13. Stewart AK, Rajkumar SV, Dimopoulos MA, et al; for the ASPIRE Inves-
tigators. Carfilzomib, lenalidomide, and dexamethasone for relapsed multiple 
myeloma. N Engl J Med. 2015;372:142-152. 
14. Kyprolis (carfilzomib) for injection [prescribing information]. Thousand 
Oaks, CA: Amgen; January 2016.
15. US Food and Drug Administration. Drugs: carfilzomib. Updated July 20, 
2012. www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm312945.
htm. Accessed January 26, 2016. 
16. Amgen. FDA approves new Kyprolis® (Carfilzomib) combination therapy 
for the treatment of patients with relapsed or refractory multiple myeloma. 
www.amgen.com/media/news-releases/2016/01/fda-approves-new-kyprolis-
carfilzomib-combination-therapy-for-the-treatment-of-patients-with-relapsed-
or-refractory-multiple-myeloma/. Press release. January 21, 2016. Accessed 
February 10, 2016.
17. Dimopoulos MA, Moreau P, Palumbo A, et al; for the ENDEAVOR Investi-
gors. Carfilzomib and dexamethasone versus bortezomib and dexamethasone for 
patients with relapsed or refractory multiple myeloma (ENDEAVOR): a ran-
domised, phase 3, open-label, multicentre study. Lancet Oncol. 2016;17:27-38. 
18. ClinicalTrials.gov. Carfilzomib. Search results. https://clinicaltrials.gov/ct2/
results?term=carfilzomib&Search=Search. Accessed January 26, 2016.


