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The combination of lenalidomide and low-dose dexamethasone is an effective treatment for multiple my-
eloma (MM). Addition of alkylating agents to lenalidomide or thalidomide results in increased response
rates and deeper responses. We designed this trial to study the combination of cyclophosphamide, lenali-
domide, and dexamethasone (CRd) as initial therapy for MM. Fifty-three patients with previously untreated
symptomatic MM was enrolled. Patients received 4-week treatment cycles consisting of lenalidomide (25
mg daily for 3 weeks), dexamethasone (40 mg weekly), and cyclophosphamide (300 mg/m2 weekly for 3
weeks). A partial response or better was seen in 85% of patients including 47% with a very good partial
response or better. The toxicities were manageable with over 80% of planned doses delivered; six patients
went off study for toxicity. The median progression free survival (PFS) for the entire group was 28 months
(95% CI: 22.7–32.6) and the overall survival (OS) at 2 years was 87% (95% CI: 78–96). Importantly, 14
patients with high-risk MM had similar PFS and OS as the standard-risk patients (n 5 39). CRd is an effec-
tive and well-tolerated regimen for upfront therapy of MM with high response rates and excellent 2-year OS,
and is suitable for long-term therapy. Am. J. Hematol. 86:640–645, 2011. VVC 2011 Wiley-Liss, Inc.

Introduction
Approaches to treating symptomatic multiple myeloma

(MM) have undergone a paradigm change during the past
decade, mostly a result of the introduction of new drugs
such as thalidomide and lenalidomide and the proteasome
inhibitor bortezomib [1–7]. Since then, substantial progress
has been made by rationally combining them with older
drugs such as corticosteroids and alkylating agents [5,6,8–
16]. Compared to traditional regimens like vincristine, adria-
mycin, and dexamethasone (VAD), the new drug combina-
tions provides deeper responses prior to and following high
dose therapy (HDT) and autologous stem cell transplanta-
tion. Thalidomide and bortezomib have also been combined
with melphalan in patients ineligible for HDT, resulting in
high response rates and improved overall survival (OS) [9–
12]. Melphalan is typically avoided in HDT eligible patients
because of the risk of stem cell damage. In contrast, cyclo-
phosphamide is used in these patients as part of initial
therapy and as priming chemotherapy for stem cell collec-
tion [17]. Combinations of cyclophosphamide with thalido-
mide as well as bortezomib have previously been studied
as induction therapy for newly diagnosed MM [8,18,19].
Given the potent antimyeloma activity of lenalidomide, cy-
clophosphamide has been studied in combination with lena-
lidomide for relapsed disease, with excellent efficacy and
safety [20]. In this context, we present the first study on the
combination of cyclophosphamide, lenalidomide and low
dose dexamethasone (CRd) in previously untreated MM.
The purpose of this phase II trial was to determine the
response rate, time to progression, and the safety of this
regimen in the frontline setting.

Patients and methods
Eligibility. Patients with previously untreated MM, requiring therapy

were enrolled on this trial provided they had measurable or evaluable
disease defined as having one of the following: serum M-protein �1.0
g/dL, urinary M-protein excretion �200 mg in 24 hr, serum immuno-
globulin free light chain (FLC) assay with involved FLC �10 mg/dL
AND abnormal FLC ratio, or bone marrow plasmacytosis �30%.

Patients were required to have adequate hematologic and organ func-
tion with absolute neutrophil count (ANC) �1,500/lL, platelet count
�75,000/lL, hemoglobin �8.0 gm/dL, serum creatinine <2.5 mg/dL,
and AST <3 times the upper limit of normal, all obtained within 21
days of enrollment. Patients had to have an ECOG performance status
of 0, 1, or 2 for inclusion in the trial. Patients who had received any
prior treatment for MM and those with uncontrolled infection or another
active malignancy, New York Heart Association class III or IV, or DVT
that has not been therapeutically anticoagulated were excluded from
the trial. Prior corticosteroid use for the treatment of MM was not per-
mitted; prior corticosteroid use for the treatment of nonmalignant disor-
ders was permitted but concurrent use was restricted to the equivalent
of prednisone 10 mg or less per day. Pregnant or nursing women, as
well as women of childbearing potential who were unwilling to use a
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dual method of contraception, and men who were unwilling to use a
condom were not eligible for the study. Patients were required to be at
least 18 years of age. The trial was performed with approval of the
Mayo Clinic Institutional Review Board in accordance with the principles
of the Helsinki Declaration and the trial was registered at www.clinical-
trials.gov (NCT00478218).

Treatment schedule. The treatment schedule consisted of 4-week
cycles with lenalidomide given at 25 mg PO days 1-21, cyclophospha-
mide 300 mg/m2 PO given days 1, 8, and 15 and dexamethasone 40
mg PO given days 1, 8, 15, and 22 (weekly continuously). Each cycle
was repeated every 4 weeks. The last 19 patients received a lower
dose of cyclophosphamide (300 mg PO days 1, 8, and 15) in combina-
tion with the same doses of lenalidomide and dexamethasone, to
examine if this would reduce hematological toxicities. Patients were
allowed to go off treatment after four cycles of therapy to pursue stem-
cell transplantation if desired, but treatment beyond four cycles was
permitted at physician’s discretion. Stem cell mobilization protocol was
not specified in the clinical trial and was typically performed using
growth factor alone, with a few patients receiving cyclophosphamide
pulsing followed by growth factor administration. For patients continuing
on therapy, cyclophosphamide was given for a maximum of 12 cycles,
but lenalidomide with or without dexamethasone could be continued
until disease progression at physician discretion. Thromboprophylaxis
consisted of aspirin 325 mg given daily, with low molecular weight hep-
arin or coumadin recommended for patients with history of prior throm-
botic events or in patients considered at higher risk for a thrombotic
event based on presence of risk factors.

Dose adjustments were permitted based on toxicity. Lenalidomide was
permanently discontinued for erythema multiforme/Stevens Johnson
syndrome Grade III or higher, desquamating/blistering rash of any grade,
any rash of Grade IV severity, Grade IV neuropathy or hypersensitivity,
and Grade III or higher bradycardia or cardiac arrhythmia. Subjects expe-
riencing other Grade III or greater adverse events felt related to lenalido-
mide or cyclophosphamide had the drug held until resolution of the
adverse event and restarted at the next lower dose level. Hematologic
toxicities required dose reductions of cyclophosphamide and lenalido-
mide, while other toxicities thought to be related to either one of the drugs
only required reduction of the suspected drug. When Grade III or IV
adverse events occurred prior to day 15 of a cycle and resolved to Grade
II or lower severity prior to day 21 of the cycle, drugs were resumed at
the next lower dose level until day 21, with the next cycle continuing at
the reduced dose level. For Grade III or IV adverse events occurring on
or after day 15 of a given cycle, they were held for the remainder of the
cycle and reduced by one dose level beginning with the next cycle. Once
the dose of any of the drugs was reduced for toxicity, no dose re-escala-
tion was permitted. Patients unable to tolerate the lowest doses of any of
the drugs needed to stop therapy with that agent permanently. Routine
antibiotic, antiviral or antifungal prophylaxis was not mandated and left to
the discretion of the treating physician. Bisphosphonate use for bone pro-
phylaxis was allowed and followed standard clinical recommendations.

Response and toxicity criteria. The primary endpoint of this trial
was the proportion of confirmed responses (complete response, CR;
very good partial response, VGPR; or partial response, PR) noted as
the objective status on two consecutive evaluations at least 2 weeks
apart. Confirmed responses were evaluated using the first 4 months of
treatment as well as the best response seen during the entire trial.
Responses were assessed using both the EBMT criteria (per protocol,
for interim efficacy analysis) [21] as well as the International Myeloma
Working group (IMWG) unified response criteria [22]. All toxicities were
graded and attributed according to the National Cancer Institute Com-
mon Toxicity Criteria for Adverse Events, version 3. Toxicity was
defined as an adverse event considered being possibly, probably, or
definitely related to treatment.

Statistical analysis. The primary endpoint for the study was the
overall response rate at the end of four cycles. All patients meeting the
eligibility criteria who signed a consent form and had begun treatment
were considered evaluable for response. Secondary endpoints included
the best response to therapy across all cycles of therapy, patterns and
severity of toxicities across all cycles and discontinuation rate due to
toxicity, stem cell collection failure rate, and engraftment kinetics among
those undergoing a stem cell transplantation and the OS, progression
free survival (PFS), and duration of response (DOR) from diagnosis
among this group of patients receiving primary therapy with the combi-
nation. OS was defined as the time between registration date and
death due to any cause, with those alive censored at the date of last
follow up. PFS was defined as the time from registration to disease

progression or death due to any cause, with those alive and progres-
sion free censored at the time of last follow up. DOR was defined as
the time from first response until the date of progression (or date of list
follow-up in patients without progression) in the subset of patients who
responded to treatment. The distributions of survival time, PFS and
DOR were estimated using the method of Kaplan-Meier.

Results
The trial enrolled 53 patients between July 2006 and

May 2008. The baseline characteristics are as shown in Ta-
ble I. The primary measurable disease parameter was a
serum M-protein �1 gm/dL, 24 hr urine M-Protein �200
mg or an FLC difference of �10 mg/dL in 74, 11, and 15%
patients, respectively. The median duration on study for the
entire group was 6.4 months (range: 1.6–491) and the me-
dian number of cycles administered was five. Six patients
did not complete four cycles of therapy; three of these
patients went off for toxicity, treating physician switched
one responding patient to alternate therapy, and two
patients had progressed. Overall, 1 patient died on study,
and 10 patients remain on study after a median of 33
(range: 27–48) cycles of therapy. Forty-one patients were
alive at the time of the analysis with a median follow up of
37 months (range: 25–49).

Response to therapy
Twenty (66%; 95%CI: 47–83) of the first 30 patients met

the protocol-defined response criteria (EBMT) for confirmed
response, which passed the threshold for success. The
subsequent analysis uses all 53 evaluable patients using
the IMWG unified response criteria. The response to ther-
apy was assessed following administration of four cycles of
therapy or prior to proceeding to HDT among those going
to transplant before completing four cycles. Forty-seven
patients received at least four cycles of therapy, with six
discontinuing prior to four cycles for toxicity, progression or
alternative treatment. The overall response to therapy at
four cycles was 79% (42/53), including a VGPR or better

TABLE I. Patient Characteristics

Total (N 5 53)

Age, median (range) 64 (37–82)
Age> 65 years 23 (43%)
Gender, male 27 (51%)
ECOG Performance Score
0 21 (40%)
1 24 (45%)
2 8 (15%)

ISS Stage
Stage I 18 (34%)
Stage II 21 (40%)
Stage III 14 (26%)

Isotype
IgG 36 (68%)
IgA 10 (19%)
Light-chain 9 (17%)

Parameters of Hematologic Response
Serum M-Spike � 1.0 g/dL 39 (74%)
Serum Free Light Chain � 10 mg/dL 35 (66%)
Urine M-Spike � 200 mg/24 hr 15 (28%)
Bone Marrow Plasma Cells > 30% 31 (58%)

High-risk Multiple Myeloma 14 (26%)
t(4;14) 4 (8%)
t(14;16) 2 (4%)
Del 17p- 4 (8%)
Del 13 (metaphase cytogenetics) 3 (6%)

PCLI > 3% 7 (13%)
Serum Creatinine, mg/dL; median (range) 1.0 (0.6–2.1)
Creatinine clearance < 50 mL/mina 8 (15%)
Lytic bone disease 40 (75%)

a
Calculated creatinine clearance.

N (%) unless otherwise indicated.
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rate of 30% (16/53) and CR rate of 2% (1/53). The depth
of responses is as shown in the waterfall plot (Fig. 1). The
best response achieved on trial was assessed using all
patients enrolled on the trial with 45 patients achieving a
PR or better with an overall response rate of 85%. A VGPR
or better was seen in 25 patients (47%). Eighteen patients
(34%) continued therapy beyond cycle 12. The estimated
time (median, months) to first response (PR or better) for
the 45 patients who responded was 1.4 months (range: 1–
8) and to a VGPR or better (N 5 25) was 3.8 months (1–
19). Median DOR was 30.9 months (95%CI: 23–NA). The
responses are further detailed in Table II and were not
affected by reduction in the cyclophosphamide dose.

Toxicity of the combination
The most common toxicities seen across the trial were

hematologic, with nearly 60% of patients having at least
one episode of Grade 3 or 4 neutropenia. The most com-
mon non-hematological toxicity seen across the study was
fatigue. The overall frequency and highest grade of various
toxicities, considered at least possibly related to therapy,
among the 53 patients enrolled on the study is as shown in
Fig. 2A. The frequency and the grade of toxicities across
all the 699 cycles of therapy administered are shown in
Fig. 2B. Six patients discontinued study therapy due to tox-
icity after a median of four cycles of therapy. There were 63
(9%) instances of treatment delays, involving 30 patients,
across 699 cycles administered. The most common reason
for delay in re-treatment was neutropenia (68%). The over-
all tolerability of the regimen was excellent with over 80%
of the targeted dose of lenalidomide and cyclophosphamide
delivered as planned. The proportion of patients with dose
reductions and reasons for reductions are summarized in

Table III. The reduction in the cyclophosphamide doses did
not have any clear impact on the toxicity. The median total
white count, neutrophil count and platelet count across the
initial 12 cycles are presented in Fig. 2C and does not sug-
gest any cumulative toxicity.

Stem cell collection
Thirty-one patients (58%) underwent a stem collection

attempt, of whom seven patients failed to mobilize and had
too few peripheral blood CD34 cells (< 10/lL) to initiate
apheresis, and another patient collected only 1.63 million
CD34 cells/kg, for an overall failure rate of 25%. Five of
these eight patients were successfully collected subse-
quently with cyclophosphamide-based mobilization or with
plerixafor; the remaining three patients did not attempt
another collection. No relationship was seen between the
number of cycles and likelihood of a failed attempt. Among
the 23 patients who successfully collected adequate stem
cells in the first attempt, the median CD34 yield was 7.2
million CD34 cells/kg (range; 2.9–13.1). Eighteen of the 31
patients have so far proceeded to a stem cell transplant,
including 10 patients who went off study for an early trans-
plant.

Long-term follow up and survival outcomes
The median OS from diagnosis for the entire group was

not reached with a median follow up of 37 months for
patients alive at last follow up (Fig. 3A). The estimated OS
rate at 2 years for the entire group was 87% (95% CI:
78296). All ten patients who went off study for a transplant
were alive at the time of the last follow up. The median
PFS for the entire group was 28 months (95% CI:
22.7232.6).
Fourteen patients were considered to have high-risk MM

as defined by mSMART criteria. The overall response rate
was 93% for the high-risk patients and 79% for the stand-
ard-risk patients. The 2-year PFS was 57% and 61% for
the high and standard-risk patients, respectively (P 5 NS).
The OS of high-risk patients were similar to that observed
for the standard-risk patients (n 5 39; Fig. 3B). One patient
with plasma cell leukemia obtained a CR from therapy and
continued on study for 36 cycles, at which time she devel-
oped progressive disease.

Discussion
Lenalidomide, either in combination with dexamethasone

or as part of multidrug combinations, is increasingly becom-
ing a part of the initial therapy of myeloma [6,23–27]. Given
the excellent activity of lenalidomide seen in the phase 3
trials of lenalidomide and dexamethasone, and the promis-
ing results seen with the combination of thalidomide with al-
kylating agents, we designed this study to examine the effi-
cacy of adding cyclophosphamide to lenalidomide and

TABLE II. Response to Therapy

Full dose
cyclophosphamide

N (%)

Reduced dose
cyclophosphamide

N (%)
All Patients

N (%)

Total number of patients 34 19 53
Overall response rates at 4 cycles (>5PR) 26 (77) 16 (84) 42 (79)
� VGPR 11 (32) 5 (26) 16 (30)
CR 0 1 1
VGPR 11 4 15
PR 15 11 26
Best Response across all cycles (�PR) 29 (85%) 16 (84%) 45 (85%)
� VGPR 15 (44) 10 (53) 25 (47)
CR/sCR 3 4 7
VGPR 12 6 18
PR 14 6 20

Response rate was calculated using the International Myeloma Working Group unified response criteria for all evaluable patients.

Figure 1. Figure presents the actual decrease in the M-protein measurements as
a proportion of the baseline values using a waterfall plot of response depth at the
end of four cycles of therapy. [Color figure can be viewed in the online issue, which
is available at wileyonlinelibrary.com.]
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Figure 2. A: Figure provides information on the frequency and grade of various toxicities seen across the trial, grouped by patients (n 5 53). The maximum grade of an
individual toxicity seen in any given patient is presented. If a patient had multiple occurrences of a particular toxicity, only the highest grade is presented. B: Figure pro-
vides estimates of frequency and grade of various toxicities seen across all cycles (n 5 699) grouped by toxicities. If a patient had multiple occurrences of any particular
toxicity, each will be counted. C: Median (interquartile range; IQR) for total white cell count (WBC), ANC, and platelet counts (PLT) during the first 12 cycles of treatment
are presented. There is no progressive decline in the counts over the 12 cycles, beyond that seen in the initial cycles, suggesting lack of any cumulative hematological
toxicity with the combination of lenalidomide and cyclophosphamide.
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dexamethasone (CRd) [10,11,14]. We saw excellent activity
for the combination with an overall response rate of 85%
with a VGPR or better seen in over half of the patients.
The overall response rate and depth of response at four
cycles is higher than what was observed with the lenalido-
mide plus low dose dexamethasone arm (Rd), reflecting
the contribution of cyclophosphamide [6]. The four cycles
responses rates with the Rd in the phase three trials was
68% at four cycles with 24% having a VGPR or better. The
best overall response of 85% with 47% VGPR or better
was also higher than that seen with Rd (70% with 40%
VGPR or better) in the phase 3 trial. Cyclophosphamide
has also been combined with bortezomib for treating newly
diagnosed MM, with similar response rates (ORR of 88%
with �VGPR of 61%) [8]. However, this regimen used high
dose dexamethasone and had high rates of neuropathy
within the first four cycles of therapy.
The OS seen in this study is comparable to that seen in

the recent studies of new drug combinations in untreated
MM with over 85% 2-year survival rates. While a direct
comparison is not feasible, the PFS seen in the current trial
of 28 months is higher than that reported with Rd in the
E4A03 trial (24 months), with a similar patient population
enrolled [6]. The OS among those proceeding to a trans-
plant was excellent, with no deaths observed among those
patients compared to those who did not get a transplant,
likely reflecting the better outcome in general for transplant
eligible patients. The comparable OS and PFS in the cur-
rent trial among the high-risk patients and standard-risk
patients compares favorably to Rd, where high-risk status
was associated with inferior outcomes in the newly diag-
nosed MM [28]. However, in patients with relapsed MM
undergoing treatment with lenalidomide and dexametha-

sone, patients with high-risk features other than p53 abnor-
malities had outcomes similar to standard-risk patients [29].
It is conceivable that the combination with alkylating agent
may have contributed to the ability to improve the outcome
of high-risk patients.
The toxicities could be managed with dose reductions

and no cumulative toxicities were seen from a hematologi-
cal perspective, and overall more than 80% of the intended
dose could be delivered across all cycles. However, the
incidence of neutropenia appears to be considerably higher
than was seen with lenalidomide and dexamethasone. The
higher rate of toxicity can be explained by the addition of
cyclophosphamide, even though this effect does not seem
to depend entirely on the dose of cyclophosphamide, given
that no difference was seen following reduction of cyclo-
phosphamide dose. Another factor that has likely contrib-
uted to the higher degree of neutropenia seen here is the
lack of use of growth factors. We did not allow growth fac-
tor use because of the concerns of continued alkylator ther-
apy on the face of growth factor stimulation. Fatigue was a
common side effect and is likely related to lenalidomide as
has been seen in other studies as well.
The combination did adversely impact the success of

growth factor based stem cell mobilization and harvest. The
failure rate seen here is slightly higher compared to what
others and we have previously seen in the context of lenali-
domide and dexamethasone therapy and likely reflects the
additional myelotoxic effect of cyclophosphamide [30–32].

TABLE III. Treatment Administration

Full dose
cyclophosphamide

(N 5 34)

Reduced dose
cyclophosphamide

(N 5 19)
All

Patients

Lenalidomide
No. of Cycles Administered 428 267 695
Median % of Targeted

Dose (Range)
80% (12–100) 80% (19–100) 80% (12–100)

No. of Patients with
Reductions

22 (65%) 12 (63%) 34 (64%)

Total Reductions 41 26 67
Reasons for Reductions
Neutropenia 23 13 36
Thrombocytopenia 1 0 1
Nonblistering rash 3 6 9
Grade 31 Adverse Event 8 0 8
Other 6 7 13
Cyclophosphamide
No. of Cycles Administered 219 171 390
Median % of Targeted

Dose (Range)
96% (0–102) 100% (11–100) 96% (0–102)

No. of Patients with
Reductions

19 (56%) 9 (47%) 28 (53%)

Total Reductions 28 12 40
Reasons for Reductions
Neutropenia 16 12 28
Grade 3 1 Adverse Event 6 0 6
Other 6 0 6
Dexamethasone
No. of Cycles Administered 362 249 611
Median % of Targeted

Dose (Range)
75% (0–100) 50% (0–100) 75% (0–100)

No. of Patients with
Reductions

12 (35%) 11 (58%) 23 (43%)

Total Reductions 25 29 54
Reasons for Reductions
Hyperglycemia 0 6 6
Muscle Weakness 2 4 6
Confusion/Mood Alteration 14 1 15
Insomnia 4 3 7
Other 5 15 14

Figure 3. A: Figure depicts the Kaplan Meier plots for OS and PFS for all
patients enrolled on the study (N 5 53). B: Figure depicts the Kaplan Meier
plots for OS and PFS for all patients grouped by risk status (mSMART high-risk
criteria); 14 patients had high-risk myeloma and 39 patients were considered as
standard risk. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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However, it is important to note that all patients who under-
went a salvage mobilization with cyclophosphamide or pler-
ixafor did manage to collect successfully and enabled them
to undergo transplant when desired.
In summary, the addition of cyclophosphamide to Rd

leads to higher response rates and deeper responses as
well as PFS compared to lenalidomide and low-dose dexa-
methasone in previous studies. While the addition led to
increased rates of hematological toxicity, the side effects
were manageable with dose adjustments and overall drug
discontinuation rate was low. Results also suggest that the
addition of cyclophosphamide may improve the outcome of
patients with high-risk myeloma. The impact on stem cell
collection can be overcome by cyclophosphamide or plerix-
afor based approaches and should be used in these
patients. These results should form the basis for prospec-
tive evaluation of CRd combination comparing it with other
front line regimens in phase 3 trials.
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