
Carfilzomib, lenalidomide, and low-dose 
dexamethasone in elderly patients with newly 
diagnosed multiple myeloma

A number of combination regimens with immunomodu-
latory agents or proteasome inhibitors have been devel-
oped for use in elderly patients with newly diagnosed mul-
tiple myeloma (NDMM). Regimens including bortezomib,
melphalan, and prednisone (VMP), and including melpha-
lan, prednisone, and thalidomide (MPT), have demonstrat-
ed improved disease control and survival, with manageable
toxicity compared with the prior standard of melphalan
and prednisone (MP).1,2 Because elderly patients are often
frail, early studies with these multidrug regimens generally
limited treatment to 9-12 cycles.1,2 However, results from
subsequent studies in transplant-ineligible patients suggest-
ed that more extended treatment might provide the added
benefit of longer progression-free survival (PFS).3-5

Recently, the benefit of extended treatment was clearly
demonstrated in the phase III FIRST (Frontline
Investigation Of Lenalidomide + Dexamethasone Versus
Standard Thalidomide) study where transplant-ineligible
patients who received continuous lenalidomide and low-
dose dexamethasone (Rd) achieved superior survival out-
comes compared with those who received 18 cycles of Rd
(Rd18) or MPT.6 Median PFS was significantly longer for
continuous Rd (25.5 months) compared with Rd18 (20.7
months; P=0.00006) or MPT (21.2 months; P=0.00001),
with no significant difference between the latter two treat-
ment arms. Given these findings, extended treatment with
Rd represents a promising option in this patient population.
Nonetheless, median PFS in this study was still relatively
short compared with studies of 3- or 4-drug regimens.4,5

Also, based on subset analysis of FIRST, patients with high-
risk cytogenetics will likely require the addition of protea-
some inhibition.6 Bortezomib has been shown to over-
come, at least in part, the negative impact of cytogenetic
factors, whereas results with lenalidomide have been more
mixed;7 however, extended use of bortezomib may be lim-
ited by peripheral neuropathy.8

Carfilzomib, a selective proteasome inhibitor, has
demonstrated single-agent activity in relapsed and/or

refractory myeloma with a low rate of peripheral neuropa-
thy and no evidence of cumulative toxicity after extended
treatment.9,10 A number of studies are exploring carfilzomib
in triplet combinations for transplant-ineligible NDMM,
with encouraging preliminary results.11-13 We previously
reported results from a phase I/II study of carfilzomib with
lenalidomide and low-dose dexamethasone (CRd) in 53
transplant-eligible and -ineligible patients with NDMM, a
study designed to allow for prolonged CRd treatment
(http://www.clinicaltrials.gov; National Clinical Trial number:
01029054).13 After a median of 12 cycles (range 1–25) and
13 months of follow up (range 4–25 months), CRd provid-
ed a high rate of deep and durable responses with a
safety/tolerability profile that supported extended treat-
ment. In this brief report, we present outcomes with up-
dated follow up in the subset of 23 elderly patients (age ≥65
years).

Details of study methods have been reported previous-
ly.13 Briefly, transplant-eligible and -ineligible patients with
NDMM, an Eastern Cooperative Oncology Group per-
formance status of 0-2, and adequate liver, kidney, and
bone marrow function were eligible. During dose escala-
tion, carfilzomib was administered at 20 mg/m2 for cycle 1
on Days 1, 2, 8, 9, 15, and 16 of 28 days, and then at 20,
27, or 36 mg/m2 for 7 cycles. For maintenance CRd (cycles
9-24), carfilzomib was administered on Days 1, 2, 15, and
16. Lenalidomide 25 mg was administered daily on Days 1–
21. Low-dose dexamethasone was administered on Days
1, 8, 15, and 22 at 40 mg for cycles 1-4, and at 20 mg there-
after. The maximum tolerated dose was not established,
but based on efficacy and safety, we proceeded to phase II
using carfilzomib 36 mg/m2.13 After 24 cycles, patients con-
tinued single-agent maintenance lenalidomide off protocol.

Patients were followed for response (International
Myeloma Working Group (IMWG) criteria plus near com-
plete response (nCR) and minimal response), survival, and
safety. Immunophenotypic complete response (iCR) was
assessed using a 10-color multiparameter flow cytometry
assay to evaluate minimal residual disease (MRD). The pri-
mary end point was rate of nCR or better after 4 cycles.
The study protocol was approved by the institutional
review boards of the participating centers and conducted in
accordance with the Declaration of Helsinki. Patients pro-
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Figure 1. Response over the course of treatment with carfilzomib,
lenalidomide, and low-dose dexamethasone (n=23). nCR: near
complete response; sCR: stringent complete response.  

Figure 2. Overall survival (OS) and progression-free survival (PFS)
by the Kaplan–Meier method (n=23). CI: confidence interval.
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vided written informed consent. For this exploratory sub-
group analysis, we provide results after extended follow up
(data cut off May 31, 2013). Median age in the elderly sub-
group was 72 years (range 65-81); 13 patients (57%) were
male, 16 (70%) had International Staging System stage
II/III disease, and 7 (30%) had high-risk cytogenetics
according to IMWG criteria.14 Patients received a median of
24 CRd cycles (range 1-24), 2 at a carfilzomib dose level of
20 mg/m2, 4 at 27 mg/m2, and 17 at 36 mg/m2.

CRd provided deep and durable responses. All patients
(100%) achieved at least a partial response (PR), 91% at
least a very good PR (VGPR), 87% at least an nCR, 79% at
least a CR, and 65% a stringent CR (sCR). Depth of
response improved with duration of treatment; sCR
increased from 10% after 4 cycles to 78% after 16 cycles
(Figure 1) with median time to PR of 1 cycle (range 1-3) and
to sCR of 9 cycles (range 3-15). Of 14 patients tested for
MRD (13 sCR, 1 nCR), 12 (86%) were MRD negative for
an estimated iCR of 60%. Within a median follow up of
30.5 months (range 24-43), 4 patients had progressed and
none had died for a 3-year PFS rate of 79.6% (95%CI: 53.5-
92.0) and 100% for overall survival (OS) (Figure 2). 

Treatment was well maintained throughout induction
and maintenance, with only 4 patients discontinuing
before completion of 24 cycles (one pulmonary edema dur-
ing induction, one patient preference, 2 opted for autolo-
gous stem cell transplantation), although dose modifica-
tions were needed to manage adverse events (AEs). During
induction (cycles 1-8), grade 3/4 AEs were generally hema-
tologic and included thrombocytopenia (39%), lymphope-
nia (35%), neutropenia (30%), and anemia (26%); non-
hematologic grade 3/4 AEs (>10%) included hyperglycemia
(39%), hypophosphatemia (22%), and thromboembolic
events (13%). During maintenance (cycles 9-24), the major-
ity of AEs were grade 1/2 and manageable. Grade 3/4 AEs
were generally hematologic but less frequent: neutropenia
(26%), lymphopenia (26%), and thrombocytopenia (16%).
Non-hematologic grade 3/4 AEs (>10%) included infection
(16%), hypophosphatemia (16%), and hyperglycemia
(16%). Grade 1/2 peripheral neuropathy attributed to CRd
occurred in 22% of patients during induction (grade 2, 9%)
and 37% during maintenance (grade 2, 21%); there were
no grade 3/4 events. Dose modification of carfilzomib,
lenalidomide, and dexamethasone was required by 74%,
83%, and 70% of patients during induction and by 52%,
57%, and 61%, respectively, during maintenance. There
were no second primary malignancies or treatment-related
deaths. 

Overall, this subgroup analysis demonstrated that
extended treatment with CRd was feasible in elderly
patients. The efficacy of the CRd regimen compares favor-
ably with that of other non-transplant combinations,1,2,4,6,11,12

with recognition of the limitations of cross-trial compar-
isons. In the FIRST trial, at least VGPR rates were 43.5% for
continuous Rd, 42.7% for Rd18, and 28.1% for MPT (18
cycles). Three-year PFS was 42% for continuous Rd (42%)
compared with 23% for Rd18 (P=0.00006) and 23% for
MPT (P=0.00001), and 4-year OS was 59.4%, 55.7%, and
51.4%, respectively, with a statistically significant differ-
ence between continuous Rd versus MPT (P=0.0168).6

Given the current findings and growing evidence of an
association between depth of response and survival out-
comes in elderly patients,15 one can reason that outcomes
with continuous Rd in this population might be improved
further by adding selected agents, such as carfilzomib, that
do not significantly affect tolerability. Our data show that
use of the CRd regimen for an extended period of time can
result in a high rate of deep responses that is associated
with very encouraging time to events. These results sup-

port further research in this direction to ultimately improve
survival in elderly patients with NDMM. This will require
confirmation in a randomized trial. Considering that trans-
plant-ineligible studies will likely use extended Rd as a con-
trol, this subset analysis should inform the design of a CRd
arm. 

Dominik Dytfeld,*1,2,3 Jagoda Jasielec,*1 Kent A. Griffith,2

Daniel Lebovic,2 David H. Vesole,4 Sundar Jagannath,5

Ammar Al-Zoubi,2 Tara Anderson,2 Kristen Detweiler-Short,2

Keith Stockerl-Goldstein,6 Asra Ahmed,2 Terri Jobkar,2

Diane E. Durecki,2 Kathryn McDonnell,1 Melissa Mietzel,2

Daniel Couriel,2 Mark Kaminski,2 Ravi Vij,6

and Andrzej J. Jakubowiak1,2

1University of Chicago, Chicago, IL, USA; 2University of Michigan
Comprehensive Cancer Center, Ann Arbor, MI, USA; 
3Karol Marcinkowski University of Medical Sciences, Poznan, Poland;
4The John Theurer Cancer Center at Hackensack UMC, Hackensack,
NJ, USA; 5Mount Sinai Medical Center, New York, NY, USA; and
6Washington University School of Medicine, St. Louis, MO, USA

Correspondence: ajakubowiak@medicine.bsd.uchicago.edu
doi:10.3324/haematol.2014.110395

Acknowledgments: the authors would like to thank the patients who
participated in this study and their families, as well as the investigators,
nursing staff, research support staff, and the data management staff at
participating centers. Editorial assistance was provided by Michael
Raffin (Fishawack Communications), which was supported by Onyx.

Funding: this work was supported in part by Onyx
Pharmaceuticals, Celgene Corporation, the Multiple Myeloma
Research Consortium, and a University of Michigan
Clinical/Translational Resource Allocation Committee (CTRAC) grant. 

Key words: multiple myeloma, carfilzomib, lenalidomide, low-dose
dexamethasone, elderly, newly diagnosed.

Information on authorship, contributions, and financial & other disclo-
sures was provided by the authors and is available with the online version
of this article at www.haematologica.org.

References

1. Facon T, Mary JY, Hulin C, Benboubker L, Attal M, Pegourie B, et al.
Melphalan and prednisone plus thalidomide versus melphalan and
prednisone alone or reduced-intensity autologous stem cell trans-
plantation in elderly patients with multiple myeloma (IFM 99-06): a
randomised trial. Lancet. 2007;370 (9594):1209-18.

2. San Miguel JF, Schlag R, Khuageva NK, Dimopoulos MA, Shpilberg
O, Kropff M, et al. Bortezomib plus melphalan and prednisone for
initial treatment of multiple myeloma. N Engl J Med. 2008;359
(9):906-17.

3. Palumbo A, Hajek R, Delforge M, Kropff M, Petrucci MT, Catalano
J, et al. Continuous lenalidomide treatment for newly diagnosed
multiple myeloma. N Engl J Med. 2012;366(19):1759-69.

4. Mateos MV, Oriol A, Martinez-Lopez J, Gutierrez N, Teruel AI, de
Paz R, et al. Bortezomib, melphalan, and prednisone versus borte-
zomib, thalidomide, and prednisone as induction therapy followed
by maintenance treatment with bortezomib and thalidomide versus
bortezomib and prednisone in elderly patients with untreated multi-
ple myeloma: a randomised trial. Lancet Oncol. 2010;11(10):934-41.

5. Palumbo A, Bringhen S, Larocca A, Rossi D, Di Raimondo F,
Magarotto V, et al. Bortezomib-Melphalan-Prednisone-Thalidomide
Followed by Maintenance With Bortezomib-Thalidomide
Compared With Bortezomib-Melphalan-Prednisone for Initial
Treatment of Multiple Myeloma: Updated Follow-Up and Improved
Survival. J Clin Oncol. 2014;32 (7):634-40.

6. Facon T, Dimopoulos MA, Dispenzieri A, Catalano JV, Belch AR,
Hulin C, et al. Initial Phase 3 Results Of The First (Frontline
Investigation Of Lenalidomide + Dexamethasone Versus Standard
Thalidomide) Trial (MM-020/IFM 07 01) In Newly Diagnosed
Multiple Myeloma (NDMM) Patients (Pts) Ineligible For Stem Cell
Transplantation (SCT). Blood. 2013;122 (21):2.

7. Bergsagel PL, Mateos MV, Gutierrez NC, Rajkumar SV, San Miguel
JF. Improving overall survival and overcoming adverse prognosis in

haematologica 2014; 99:e163

LETTERS TO THE EDITOR



the treatment of cytogenetically high-risk multiple myeloma. Blood.
2013;121(6):884-92.

8. Sonneveld P, Schmidt-Wolf IG, van der Holt B, El Jarari L, Bertsch U,
Salwender H, et al. Bortezomib induction and maintenance treat-
ment in patients with newly diagnosed multiple myeloma: results of
the randomized phase III HOVON-65/ GMMG-HD4 trial. J Clin
Oncol. 2012;30(24):2946-55.

9. Siegel DS, Martin T, Wang M, Vij R, Jakubowiak AJ, Lonial S, et al. A
phase 2 study of single-agent carfilzomib (PX-171-003-A1) in patients
with relapsed and refractory multiple myeloma. Blood.
2012;120(14):2817-25.

10. Siegel D, Martin T, Nooka A, Harvey R, Vij R, Niesvizky R, et al.
Integrated safety profile of single-agent carfilzomib: Experience from
526 patients enrolled in 4 phase 2 clinical studies. Haematologica.
2013;98(11):1753-61.

11. Moreau P, Kolb B, Hulin C, Caillot D, Benboubker L, Tiab M, et al.
Carfilzomib plus melphalan and prednisone (CMP) is a promising
combination therapy for the treatment of elderly patients with
newly diagnosed multiple myeloma: results of a phase I/II trial in 68

cases. Blood. 2013;122(21):1933.
12. Bringhen S, Cerrato C, Petrucci MT, Genuardi M, Gentilini F,

Conticello C, et al. A phase II study with carfilzomib, cyclophos-
phamide and dexamethasone (CCd) for newly diagnosed multiple
myeloma. Blood. 2013;122(21):685.

13. Jakubowiak AJ, Dytfeld D, Griffith KA, Lebovic D, Vesole DH,
Jagannath S, et al. A phase 1/2 study of carfilzomib in combination
with lenalidomide and low-dose dexamethasone as a frontline treat-
ment for multiple myeloma. Blood. 2012;120(9):1801-9.

14. Munshi NC, Anderson KC, Bergsagel PL, Shaughnessy J, Palumbo A,
Durie B, et al. Consensus recommendations for risk stratification in
multiple myeloma: report of the International Myeloma Workshop
Consensus Panel 2. Blood. 2011;117(18):4696-700.

15. Gay F, Larocca A, Wijermans P, Cavallo F, Rossi D, Schaafsma R, et
al. Complete response correlates with long-term progression-free
and overall survival in elderly myeloma treated with novel agents:
analysis of 1175 patients. Blood. 2011;117(11):3025-31.

haematologica 2014; 99:e164

LETTERS TO THE EDITOR


