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Summary

A primary analysis of the ASPIRE study found that the addition of carfil-

zomib to lenalidomide and dexamethasone (carfilzomib group) significantly

improved progression-free survival (PFS) compared with lenalidomide and

dexamethasone alone (control group) in patients with relapsed multiple

myeloma (RMM). This post hoc analysis examined outcomes from ASPIRE

in patients categorised by age. In the carfilzomib group, 103/396 patients

were ≥70 years old, and in the control group, 115/396 patients were

≥70 years old. Median PFS for patients <70 years old was 28�6 months for

the carfilzomib group versus 17�6 months for the control group [hazard

ratio (HR), 0�701]. Median PFS for patients ≥70 years old was 23�8 months

for the carfilzomib group versus 16�0 months for the control group (HR,

0�753). For patients <70 years the overall response rate (ORR) was 86�0%
(carfilzomib group) and 66�9% (control group); for patients ≥70 years old

the ORR was 90�3% (carfilzomib group) and 66�1% (control group).

Within the carfilzomib group, grade ≥3 cardiovascular adverse events

occurred more frequently among patients ≥70 years old compared with

patients <70 years old. Carfilzomib-lenalidomide-dexamethasone has a

favourable benefit-risk profile for patients with RMM, including elderly

patients ≥70 years old. Trial Registration: clinicaltrials.gov identifier:

NCT01080391.
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Carfilzomib is a second-generation proteasome inhibitor that

binds irreversibly to the b5 subunit of the 20s proteasome

and exhibits increased selectivity compared with bortezomib

(McBride et al, 2015). Based on results from the phase 2 PX-

171-003-A1 trial, carfilzomib was initially approved in the

US in 2012 as a single agent for patients with relapsed or

refractory myeloma who received at least two prior lines of

therapy (including bortezomib and an immunomodulatory

agent) and had progressive disease ≤60 days from the last

therapy (McCormack, 2012; Siegel et al, 2012). In 2015, the

indication for carfilzomib use was expanded to include its

combination with lenalidomide and dexamethasone for

patients with relapsed myeloma who received 1–3 prior lines

of therapy. This expanded approval was based on results

from the phase III ASPIRE trial, which compared a regimen

of carfilzomib, lenalidomide and dexamethasone (carfilzomib

group) to lenalidomide and dexamethasone (control group)

(Stewart et al, 2015). In a pre-planned interim analysis of the

ASPIRE trial, progression-free survival [PFS; hazard ratio

(HR) = 0�69; P = 0�0001) and overall response rate (ORR;

87�1% vs. 66�7%; P < 0�001) were significantly higher in the

carfilzomib group vs. the control group (Stewart et al, 2015).

The median age of diagnosis for multiple myeloma (MM)

is 69 years, and treatment of MM within the elderly patient

population remains a challenge (Johnson, 2014). Many

patients over 65 years of age (and some younger patients in

poor health) are not eligible for autologous stem cell trans-

plantation (Palumbo & Magarotto, 2011). Age-related physio-

logical changes in the elderly can influence the

pharmacokinetics of drugs and can potentially lead to

increased toxicity, and high comorbidity burden among the

elderly may affect their ability to tolerate cancer treatment

(Vestal, 1997; Yancik et al, 2001; Du et al, 2002; John et al,

2003; Repetto, 2003). Regimens containing newer agents, such

as the triplets bortezomib plus melphalan-prednisone (VMP)

and melphalan plus prednisone-thalidomide (MPT) have

shown clinical efficacy in the treatment of elderly patients and

have improved disease management in this population

(Mateos et al, 2008; Hulin et al, 2009; De La Rubia & Sanz,

2011). Survival rates for elderly patients with MM have not

improved as much as those for younger patients, based on

data in the Surveillance, Epidemiology, and End Results data-

base from 1998 to 2007 (Pulte et al, 2011). A recent meta-

analysis of elderly MM patients treated with VMP or MPT

found that patients aged 75 years or older had worse survival

than those under 75 years old; renal failure and cardiac or

gastrointestinal grade 3–4 adverse events were found to nega-

tively correlate with survival among elderly patients with MM

(Bringhen et al, 2013). As the elderly population is heteroge-

neous, a frailty score (based on age, comorbidities, and cogni-

tive and physical conditions) that can be used to predict

survival and risk of toxicity among elderly MM patients has

recently been developed (Palumbo et al, 2015).

Clinical studies have demonstrated efficacy of regimens

containing the first-generation proteasome inhibitor borte-

zomib in elderly populations of patients with both newly

diagnosed and relapsed MM (Mateos et al, 2006; Richardson

et al, 2007). Although the occurrence of peripheral neuropa-

thy appeared high among elderly patients receiving borte-

zomib, a less frequent dosing regimen was found to decrease

rates of toxic effects (Mateos et al, 2006, 2010). Subcuta-

neous administration of bortezomib rather than intravenous

administration has also been shown to lower rates of periph-

eral neuropathy (Moreau et al, 2011). Some single-arm trials

have demonstrated clinical efficacy of the second-generation

proteasome inhibitor carfilzomib in elderly patients with

newly diagnosed MM, when used in combination with mel-

phalan and prednisone or with lenalidomide and low-dose

dexamethasone (Dytfeld et al, 2014; Moreau et al, 2015). In

these early phase studies, carfilzomib was generally well toler-

ated in elderly patients; grade 3/4 adverse events were pri-

marily haematological, and incidence of peripheral

neuropathy was low. At present, limited information exists

regarding carfilzomib use among elderly patients in the

relapsed MM setting.

In this study we performed a post hoc subgroup analysis

of patients <70 and ≥70 years of age who were enrolled in

the ASPIRE study to examine the efficacy and safety of carfil-

zomib in an elderly population with relapsed MM.

Methods

The study design, patient eligibility criteria, and assessment

measures for the randomised, open-label, phase 3 ASPIRE

trial (NCT01080391) have previously been described (Stewart

et al, 2015). Adult patients with relapsed MM who had

received 1–3 prior treatments were eligible. Patients could

have prior exposure to bortezomib if they had not progressed
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during treatment, and they could have prior exposure to

lenalidomide and dexamethasone if they had not progressed

during the first 3 months of therapy or discontinued due to

intolerance. Patients were required to have adequate renal,

haematological and hepatic function. Patients were excluded

if they had significant peripheral neuropathy (grade 3/4, or

grade 2 with pain), myocardial infarction within 4 months

prior to randomization, New York Heart Association

(NYHA) class III or IV heart failure, history of severe coro-

nary artery disease, uncontrolled angina, severe uncontrolled

ventricular arrhythmias, sick sinus syndrome, or electrocar-

diographic evidence of acute ischaemia or grade 3 conduc-

tion-system abnormalities (unless subject had a pacemaker).

Institutional review boards of all participating institutions

approved the study protocol, and informed consent was pro-

vided by all patients.

Patients were randomised 1:1 to the carfilzomib group

(carfilzomib, lenalidomide, and dexamethasone) or the con-

trol group (lenalidomide and dexamethasone). Stratification

factors used for randomization were prior bortezomib ther-

apy, prior lenalidomide therapy and b2-microglobulin level.

Patients received treatment in 28-day cycles until withdrawal

of consent, disease progression or unacceptable toxicity;

carfilzomib was discontinued after cycle 18, after which

patients in the carfilzomib group received just lenalidomide

and dexamethasone until disease progression. Carfilzomib

was given on days 1, 2, 8, 9, 15 and 16 of cycles 1–12, and
on days 1, 2, 15 and 16 of cycles 13–18. Carfilzomib was

administered as a 10-min infusion at a starting dose of

20 mg/m2 on days 1 and 2 of cycle 1, and at a target dose of

27 mg/m2 for all subsequent infusions. In both the carfil-

zomib group and the control group, lenalidomide (25 mg)

was given on days 1–21 and dexamethasone (40 mg) was

given on days 1, 8, 15 and 22.

Patients in the intent-to-treat population were assigned to

one of two cohorts/subgroups based on age: <70 years of age

or ≥70 years of age. Outcome measures assessed in this post

hoc subgroup analysis were PFS, ORR, duration of response

(DOR) and safety. Efficacy analyses were performed using

the intent-to-treat population, and safety analyses were per-

formed using all patients who received at least one dose of

study treatment. Responses and disease progression were

assessed in a blinded manner by an independent review com-

mittee using the International Myeloma Working Group

Uniform Response Criteria (Durie et al, 2006). PFS and

DOR were summarised using the Kaplan-Meier method. HRs

were estimated with a stratified Cox proportional-hazards

model for PFS and the Mantel–Haenszel method for ORR in

the overall population analysis, and with an unstratified Cox

proportional-hazards model for PFS and the unstratified

Chi-square test for ORR in the subgroup analyses. The Euro-

pean Organization for Research and Treatment of Cancer

(EORTC) Quality of Life Core Module (QLQ-C30) question-

naire was used to assess health-related quality of life

(HRQOL) (Aaronson et al, 1993). Assessments were made

on day 1 of cycles 3, 6, 12 and 18. As there was no pre-speci-

fied hypothesis to test in this subgroup analysis, all compar-

isons between treatment arms were performed descriptively.

All analyses for this study were performed by the sponsor

[Onyx Pharmaceuticals, Inc., (South San Francisco, CA,

USA) an Amgen subsidiary].

Results

ASPIRE was a multicentre trial with patients enrolled at sites

in North America, Europe and the Middle East. The data

reported here are from a planned interim analysis (date of

first recruitment, 14 July 2010; data cut-off date, 16 June

2014). A total of 792 patients were enrolled and randomised

1:1 to either the carfilzomib group or the control group. In

the carfilzomib group, 103 out of 396 patients (26�0%) were

≥70 years of age, and in the control group, 115 out of 396

patients (29�0%) were ≥70 years of age (Table I). In both the

<70 and ≥70 years of age subgroups, baseline patient charac-

teristics were generally well balanced between treatment arms

(Table I). The proportion of patients with high-risk cytoge-

netic risk status at study entry was lower among patients in

the ≥70 years of age subgroup than those in the <70 years of

age subgroup for both treatment arms. Median duration of

treatment was longer for patients receiving carfilzomib than

for those receiving control treatment in both the <70 years

of age subgroup (97�0 vs. 57�0 weeks) and the ≥70 years of

age subgroup (74�0 vs. 57�6 weeks).

The addition of carfilzomib to lenalidomide and dexam-

ethasone improved PFS in both the <70 years of age sub-

group and the ≥70 years of age subgroup. In the <70 years

of age subgroup, patients receiving carfilzomib had a median

PFS of 28�6 months compared with 17�6 months in the con-

trol group [HR, 0�70; 95% confidence interval (CI), 0�56–
0�88] (Fig 1). In the ≥70 years of age subgroup, patients

receiving carfilzomib had a median PFS of 23�8 months com-

pared with 16�0 months in the control group (HR, 0�75;
95% CI, 0�53–1�08) (Fig 1). Among the patients receiving

carfilzomib, median PFS was higher in the <70 years of age

subgroup than the ≥70 years of age subgroup. A similar

trend was observed for patients receiving lenalidomide and

dexamethasone alone.

Response rates were higher in the carfilzomib group than

the control group, regardless of age. Among patients

<70 years of age, those in the carfilzomib treatment arm had

a higher ORR (86�0% vs. 66�9%) and a higher rate of com-

plete response or better (29�4% vs. 11�4%) than those in the

control arm (Table II). Among patients ≥70 years of age,

those in the carfilzomib treatment arm had a higher ORR

(90�3% vs. 66�1%) and a higher rate of complete response or

better (38�8% vs. 4�3%) than those in the control arm

(Table II). Addition of carfilzomib also led to a longer med-

ian DOR in both subgroups (<70 years of age: 30�4 vs.

23�1 months; ≥70 years of age: 23�3 vs. 16�7 months)

(Table II).

M. A. Dimopoulos et al

406 ª 2017 The Authors. British Journal of Haematology published by John Wiley & Sons Ltd.
British Journal of Haematology, 2017, 177, 404–413



Forty-three patients in the carfilzomib group and 53

patients in the control group were ≥75 years of age. As age

≥75 years was identified as a poor prognostic factor in a

recent meta-analysis (Bringhen et al, 2013) we also assessed

efficacy outcomes in this smaller subset of patients. Among

patients aged ≥75 years, the median PFS (carfilzomib arm vs.

control arm) was 30�3 months vs. 16�6 months (HR, 0�62;
95% CI, 0�36–1�08) and the ORR was 86�0% vs. 62�3%.

In the <70 years of age subgroup, the frequency of grade

≥3 hypophosphataemia was higher in the carfilzomib arm

than the control arm (Table III). The frequencies of grade ≥3
cardiac failure, grade ≥3 thrombocytopenia, grade ≥3 neu-

tropenia, and grade ≥3 hypokalaemia were higher in the

carfilzomib arm than the control arm (by at least five per-

centage points) in patients ≥70 years of age, but frequencies

of these adverse events were similar between treatment arms

in the younger patients (Table III). Among patients receiving

carfilzomib, cardiovascular adverse events (including hyper-

tension, cardiac failure, pulmonary embolism and ischaemic

heart disease) occurred more frequently in the ≥70 years of

age subgroup than the <70 years of age subgroup (Table III).

Additionally, discontinuation of carfilzomib due to a cardio-

vascular adverse event of any grade occurred more frequently

in the ≥70 years of age subgroup than the <70 years of age

subgroup (6�8% vs. 1�4%). However, a trend for increased

frequency of cardiovascular adverse events among elderly

patients compared with younger patients was not observed in

the control group. Grade ≥3 peripheral neuropathy occurred

infrequently in this study (<3�0% of patients in each sub-

group, regardless of treatment arm or age). In the <70 years

of age subgroup, 23�2% of carfilzomib group patients and

20�9% of control group patients discontinued any study drug

due to adverse events. In the ≥70 years of age subgroup,

34�0% of carfilzomib group patients and 34�8% of control

group patients had a treatment discontinuation due to

adverse events. Death while receiving study treatment or

within 30 days of last dose occurred at similar rates between

study arms in both subgroups [<70 years age subgroup,

carfilzomib = 5�2% (adverse events, 4�5%; progressive dis-

ease, 0�3%; other, 0�3%), control = 7�2% (adverse events,

6�1%; progressive disease, 0�7%; other, 0�4%); ≥70 years of

age subgroup, carfilzomib = 14�6% (adverse events, 13�6%;

progressive disease, 1�0%), control = 11�6% (adverse events,

8�9%; progressive disease, 2�7%)]. These data also reveal that

the rate of death was higher among patients ≥70 years old

than patients <70 years old in both treatment groups. Among

the patients who received carfilzomib, 31 (10�7%) patients

<70 years of age and 22 (21�4%) patients ≥70 years of age

required a carfilzomib dose reduction (the majority of dose

reductions in both subgroups were due to adverse events). In

the control group, 37�9% of patients <70 years of age and

53�6% of patients ≥70 years of age required a lenalidomide

dose reduction; in the carfilzomib group, 40�5% of

patients <70 years of age and 60�2% of patients ≥70 years of

age required a lenalidomide dose reduction.

The EORTC QLQ-C30 Global Health Status/Quality of

Life scale was used to assess HRQOL. As measured by change

from the mean baseline score, patients in the <70 years of

age subgroup who received carfilzomib reported greater

improvements in HRQOL than control patients at all cycles

Table I. Patient demographics and baseline disease characteristics.

Age <70 years Age ≥70 years

Carfilzomib group

(n = 293)

Control group

(n = 281)

Carfilzomib group

(n = 103)

Control group

(n = 115)

Age, median years (range) 60�0 (38�0–69�0) 62�0 (31�0–69�0) 74�0 (70�0–87�0) 74�0 (70�0–91�0)
ECOG PS, n (%)

0 or 1 267 (91�1) 262 (93�2) 89 (86�4) 99 (86�1)
2 26 (8�9) 19 (6�8) 14 (13�6) 16 (13�9)

Cytogenetic risk by FISH at study entry, n (%)

High risk 42 (14�3) 43 (15�3) 6 (5�8) 9 (7�8)
Standard risk 102 (34�8) 111 (39�5) 45 (43�7) 59 (51�3)
Unknown 149 (50�9) 127 (45�2) 52 (50�5) 47 (40�9)

Creatinine clearance, n (%)

30 to <50 ml/min 10 (3�4) 17 (6�0) 15 (14�6) 14 (12�2)
≥50 ml/min 283 (96�6) 260 (92�5) 87 (84�5) 98 (85�2)
Unknown/other value 0 4 (1�4) 1 (1�0) 3 (2�6)

Serum b2-microglobulin level, n (%)

<2�5 mg/l 61 (20�8) 61 (21�7) 16 (15�5) 16 (13�9)
≥2�5 mg/l 232 (79�2) 220 (78�3) 87 (84�5) 99 (86�1)

Prior therapy, n (%)

Bortezomib 197 (67�2) 186 (66�2) 64 (62�1) 74 (64�3)
Lenalidomide 56 (19�1) 52 (18�5) 23 (22�3) 26 (22�6)

ECOG PS, Eastern Cooperative Oncology Group performance status; FISH, fluorescence in situ hybridization.
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examined (cycles 3, 6, 12 and 18) (Fig 2A). Among patients

≥70 years of age, a decrease in HRQOL scores from baseline

was observed in both the carfilzomib group and the control

group at cycles 3, 12 and 18 (mean scores were similar to

baseline for both treatment groups at cycle 6). A greater

decrease in HRQOL was reported for control patients com-

pared with carfilzomib patients at cycle 12, but control

patients and carfilzomib patients had similar changes in

HRQOL at cycles 12 and 18 (Fig 2B). However, comparisons

between treatment arms within the ≥70 years of age sub-

group should be interpreted with caution due to small sam-

ple sizes (for example, at cycle 18, data were available for

just 50 carfilzomib patients and 38 control patients)

(Fig 2B).

Discussion

This post hoc subgroup analysis found that addition of carfil-

zomib to lenalidomide and dexamethasone led to a clinically

meaningful improvement in PFS in both age subgroups,

including elderly patients (≥70 years of age) with relapsed

MM. The HR for progression or death (carfilzomib versus

control) among elderly patients was 0�75, similar to that

among the younger individuals (0�70). Consistent results

were obtained for carfilzomib versus control when efficacy

outcomes were assessed in a smaller subset of elderly patients

≥75 years of age (HR for progression or death, 0�62). ORRs

were also higher among patients receiving carfilzomib regard-

less of age. The efficacy findings from the subgroup analyses

(A)

(B)

Fig 1. Kaplan–Meier PFS Curves for (A)

<70 years of Age Subgroup and (B) ≥70 years

of Age Subgroup. CI, confidence interval; HR,

hazard ratio; KRd, carfilzomib-lenalidomide-

dexamethasone; mo, months; PFS, progression-

free survival; Rd, lenalidomide-dexamethasone
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described here are consistent with results from the primary

analysis of the ASPIRE trial (Stewart et al, 2015). Elderly

patients with MM generally have poorer outcomes than

younger patients, and there are challenges inherent in treat-

ing the elderly population. Selection of the carfilzomib-lenali-

domide-dexamethasone triplet for high-risk or less fit

Table II. Responses by age subgroup.

Age <70 years Age ≥70 years

Carfilzomib group

(n = 293)

Control Group

(n = 281)

Carfilzomib group

(n = 103)

Control group

(n = 115)

Best overall response, n (%)*

Stringent complete response 40 (13�7) 16 (5�7) 16 (15�5) 1 (0�9)
Complete response 46 (15�7) 16 (5�7) 24 (23�3) 4 (3�5)
Very good partial response 116 (39�6) 83 (29�5) 35 (34�0) 40 (34�8)
Partial response 50 (17�1) 73 (26�0) 18 (17�5) 31 (27�0)

Overall response rate,

% (95% CI)*

86�0 (81�5–89�8) 66�9 (61�1–72�4) 90�3 (82�9–95�2) 66�1 (56�7–74�7)

Median duration of response,

months (95% CI)

30�4 (25�1–36�1) 23�1 (17�3–32�3) 23�3 (17�2–29�4) 16�7 (12�9–30�5)

CI, confidence interval.

*Patients evaluated for overall response rate had a best overall response of partial response or better.

Table III. Adverse events by age subgroup.

Age <70 years Age ≥70 years

Carfilzomib group

(n = 289)

Control group

(n = 277)

Carfilzomib group

(n = 103)

Control group

(n = 112)

Any-grade AE, n (%) 278 (96�2) 267 (96�4) 102 (99�0) 111 (99�1)
Grade ≥3 AE, n (%) 236 (81�7) 215 (77�6) 92 (89�3) 99 (88�4)
Grade ≥3 AEs reported in ≥5% of patients in any subgroup, n (%)

Neutropenia 78 (27�0) 77 (27�8) 38 (36�9) 26 (23�2)
Anaemia 45 (15�6) 44 (15�9) 25 (24�3) 23 (20�5)
Thrombocytopenia 44 (15�2) 31 (11�2) 21 (20�4) 17 (15�2)
Pneumonia 33 (11�4) 25 (9�0) 16 (15�5) 16 (14�3)
Hypophosphatemia 26 (9�0) 7 (2�5) 7 (6�8) 11 (9�8)
Hypokalaemia 21 (7�3) 12 (4�3) 16 (15�5) 7 (6�3)
Fatigue 16 (5�5) 13 (4�7) 14 (13�6) 12 (10�7)
Hyperglycaemia 12 (4�2) 11 (4�0) 8 (7�8) 7 (6�3)
Asthenia 7 (2�4) 5 (1�8) 7 (6�8) 3 (2�7)
Hypertension 11 (3�8) 5 (1�8) 6 (5�8) 2 (1�8)
Leucopenia 10 (3�5) 9 (3�2) 2 (1�9) 7 (6�3)
Rash 3 (1�0) 0 2 (1�9) 6 (5�4)

Grade ≥3 AEs of interest

Cardiac failure* 6 (2�1) 5 (1�8) 9 (8�7) 2 (1�8)
Ischaemic heart disease† 8 (2�8) 7 (2�5) 5 (4�9) 1 (0�9)
Pulmonary embolism 7 (2�4) 8 (2�9) 5 (4�9) 1 (0�9)
Acute renal failure‡ 9 (3�1) 6 (2�2) 4 (3�9) 6 (5�4)

AE, adverse event.

*The category of cardiac failure included (in descending order of frequency) cardiac failure, congestive cardiac failure, pulmonary oedema, hepatic

congestion, cardiopulmonary failure, acute pulmonary oedema, acute cardiac failure and right ventricular failure.

†The category of ischaemic heart disease included (in descending order of frequency) angina pectoris, myocardial infarction, acute myocardial

infarction, increased blood creatinine phosphokinase, coronary artery disease, myocardial ischaemia, coronary artery occlusion, increased tro-

ponin, increased troponin T, acute coronary syndrome, abnormal cardiac stress test, cardiomyopathy stress, unstable angina, coronary artery

stenosis, abnormal electrocardiogram ST-T segment and abnormal electrocardiogram T wave.

‡The category of acute renal failure included (in descending order of frequency) acute renal failure, renal failure, renal impairment, azotemia,

oliguria, anuria, toxic nephropathy and pre-renal failure.
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populations, such as the elderly, is supported by the results

of this subgroup analysis.

Within the carfilzomib group, response rates (ORR, ≥ com-

plete response) were similar for patients <70 years old and

≥70 years old, but median PFS was higher for patients

<70 years old than for patients ≥70 years old; therefore,

although the carfilzomib treatment effect was consistent across

the two subgroups, there was a trend for the magnitude of PFS

improvement to differ from ORR benefit with age. This may

be explained in part by the observations that patients

<70 years old had a longer DOR than patients ≥70 years old,

and patients ≥70 years old had higher rates of treatment dis-

continuation, carfilzomib dose reduction, lenalidomide dose

reduction and death than patients <70 years old. This is con-

sistent with the observation that within the carfilzomib group,

patients ≥70 years old had a shorter median treatment dura-

tion than patients <70 years old.

In the safety analysis, several adverse events of grade ≥3 (in-

cluding thrombocytopenia, neutropenia, and hypokalaemia)

occurred ≥5�0% more frequently among elderly patients

(≥70 years of age) in the carfilzomib arm than among elderly

patients in the control arm. An increased incidence of haema-

tological adverse events has been reported in other clinical

studies of carfilzomib, and additional research is needed to

understand the mechanistic basis of this toxicity (Harvey,

2014). Additionally, findings from this study point toward

increased cardiovascular toxicity associated with carfilzomib in

elderly patients compared with younger patients. The frequen-

cies of grade ≥3 cardiovascular adverse events (hypertension,

cardiac failure, pulmonary embolism, ischaemic heart disease)

were similar between treatment arms among younger patients,

but tended to be higher in the carfilzomib arm than the con-

trol arm among patients ≥70 years. Furthermore, within the

carfilzomib group, grade ≥3 cardiovascular events (hyperten-

sion, cardiac failure, pulmonary embolism, ischaemic heart

disease) were observed more frequently among patients

≥70 years of age than among patients <70 years of age, and

discontinuation of carfilzomib due to any-grade cardiovascular

adverse event occurred more frequently among patients

≥70 years of age than among patients <70 years of age.

In both subgroups (<70 years of age and ≥70 years of

age), rates of treatment discontinuation due to an adverse

event were similar between treatment arms. Additionally,

deaths while receiving treatment or within 30 days after

treatment discontinuation occurred at similar frequencies

between the carfilzomib arm and the control arm in both

subgroups, although the overall incidence of death was

higher in patients ≥70 years of age than in those <70 years

of age. Overall, the carfilzomib-lenalidomide-dexamethasone

triplet had acceptable toxicity, even for elderly patients with

relapsed MM. Patients in the ASPIRE trial were generally in

good health, as patients with renal or hepatic dysfunction

and/or with NYHA class III or IV heart failure were

excluded. Additional research is needed to understand the

safety profile of carfilzomib among frail elderly patients. In

the <70 years of age subgroup, patients receiving carfilzomib

reported improved HRQOL compared with control patients,

but improved HRQOL among carfilzomib-treated patients

was not observed in the ≥70 years of age subgroup.

Some prior single-arm studies have demonstrated high

clinical activity of triplets containing carfilzomib for the

front-line treatment of MM in elderly patients (Dytfeld et al,

2014; Moreau et al, 2015). Moreau et al (2015) reported an

ORR (defined as partial response or better) of 90% for

patients >65 years of age with newly diagnosed MM treated

with carfilzomib plus melphalan and prednisone. Jakubowiak

et al (2012) studied a combination of carfilzomib, lenalido-

mide and dexamethasone in patients with newly diagnosed

MM and reported that this regimen was well tolerated and

produced a high rate of deep responses; in an updated sub-

group analysis of this study Dytfeld et al (2014) reported that

100% of patients ≥65 years of age with newly diagnosed MM

achieved a partial response or better to the carfilzomib-lenali-

domide-dexamethasone regimen. To the best of our
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Carfilzomib group
Control group

KRd (n) 278 259 238 189 172
Rd    (n) 262 230 201 146 104

KRd (n) 97 87 78 62 50
Rd    (n) 105 92 75 61 38

Fig 2. HRQOL for (A) <70 years of Age Subgroup and (B)

≥70 years of Age Subgroup. Mean scores (reported as change from

baseline) from the EORTC QLQ-C30 scale and standard errors are

shown. Higher scores denote better quality of life. HRQOL, health-

related quality of life; KRd, carfilzomib-lenalidomide-dexamethasone;

Rd, lenalidomide-dexamethasone.
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knowledge, the present study is the first to report on a carfil-

zomib-containing regimen in elderly patients with relapsed

MM. It is difficult to directly compare efficacy data from the

relapsed MM setting to that in the newly diagnosed MM set-

ting as the depth of response for MM patients tends to

diminish with successive lines of therapy (Kurtin, 2013).

Although the ORR we observed here (90�3% in the ≥70 years

of age group) was slightly lower than that observed by Dyt-

feld et al (2014) for the carfilzomib-lenalidomide-dexametha-

sone regimen in the front-line treatment of elderly patients

with MM, our results suggest that carfilzomib remains highly

active for elderly MM patients in the relapsed MM setting.

Future research could investigate what therapeutic regimens

elderly patients with MM would use following discontinua-

tion of carfilzomib due to progression or toxicity.

Some prior studies have reported the clinical activity of

bortezomib-containing regimens in elderly patients with

relapsed MM, including bortezomib, melphalan, thalidomide

and dexamethasone [84% partial response or better, 19%

complete response (Azarm et al, 2012)]; bortezomib and

dexamethasone [65�4% partial response or better, 11% com-

plete response (Castelli et al, 2015)]; bortezomib, dexametha-

sone and cyclophosphamide [83% partial response or better,

11% complete response (Mele et al, 2010)]; bortezomib, mel-

phalan and prednisone [57% partial response or better, com-

plete response not reported (Petrucci et al, 2013)]; and

bendamustine, bortezomib and dexamethasone [57�6% par-

tial response or better, 10�9% complete response (Rodon

et al, 2015)]. The complete response rate we observed here

for a carfilzomib-containing regimen in a population of

elderly patients with relapsed MM (38�8% complete

response + stringent complete response) is higher than that

observed in several other studies of bortezomib-containing

regimens in elderly patients with relapsed and/or refractory

MM. However, it is difficult to make direct comparisons

between these previous studies and the present study because

of differences in study population, age cut-offs, and treat-

ment regimens.

In conclusion, we observed clinically meaningful improve-

ments in PFS and ORR among elderly patients with relapsed

MM treated with carfilzomib. As this was a post hoc sub-

group analysis and statistical significance testing was not per-

formed, the findings reported here need to be interpreted

with caution. Although the sample size overall and within

each subgroup allowed for meaningful comparisons, these

results need to be replicated in a prospective study to con-

firm the benefits of using carfilzomib to treat relapsed MM

in an elderly population.
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