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Abstract

Our previous phase I/11 trial of pegylated liposomal doxorubicin (PLD), low-dose dexamethasone,
and lenalidomide in patients with relapsed and refractory myeloma showed an overall response
rate of 75%, with 29% achieving =VGPR. Here, we investigated this combination (PLD 30 or 40
mg/m? intravenously, day 1; dexamethasone 40 mg orally, days 1-4; lenalidomide 25 mg orally,
days 1-21; administered every 28 days) in a phase Il study in patients with newly diagnosed
symptomatic multiple myeloma to determine its efficacy and tolerability (ClinicalTrials.gov
NCTO00617591). At best response, patients could proceed with high-dose melphalan or with
maintenance lenalidomide and dexamethasone. In 57 patients, we found that the overall response
rate and rate of very good partial response and better on intent-to-treat, our primary endpoints,
were 77.2% and 42.1%, respectively, with responses per the International Myeloma Working
Group. Median progression-free survival was 28 months (95% CI 18.1-34.8), with 1- and 2-year
overall survival rates of 98.1 and 79.6%. During induction, grade 3/4 toxicities were neutropenia
(49.1%), anemia (15.8%), thrombocytopenia (7%), fatigue (14%), febrile neutropenia (8.8%), and
venous thromboembolic events (8.8%). During maintenance, grade 3/4 toxicities were mainly
hematologic. We found this combination to be active in patients with newly diagnosed myeloma,
with results comparable to other lenalidomide-based induction strategies without proteasome
inhibition. In addition, maintenance therapy with lenalidomide was well tolerated.
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Introduction

Multiple myeloma is a neoplasm of plasma cells characterized by the production of a
monoclonal protein in the serum and/or urine and end organ dysfunction (lytic bone lesions,
renal insufficiency, hypercalcemia, and/or anemia). Advances in the field during the past
decade have resulted in the approval by the Food and Drug Administration of six agents
(thalidomide, bortezomib, lenalidomide, pegylated liposomal doxorubicin, and most recently
carfilzomib and pomalidomide [1-9].

The cellular targets of lenalidomide appears to be cereblon [10], and lenalidomide has been
shown to have a direct effect on multiple myeloma cells by activating tumor suppressor
genes, as well as indirect effects that are mediated via reduction of supporting cytokine
secretion in the bone marrow microenvironment and stimulation of effector T and natural
killer cells [11]. Lenalidomide in combination with dexamethasone has been shown to
improve the survival of patients with relapsed refractory multiple myeloma [7, 8]. In
addition, lenalidomide and low-frequency dexamethasone have resulted in a superior
survival rate compared to lenalidomide and high-dose dexamethasone [2]. Specifically, the
overall response rate of lenalidomide + low-frequency dexamethasone was 70%, with the
rate of very good partial response (VGPR) or better, of 40% and median progression-free
survival of 25.3 months [2].

Although the combination of pegylated liposomal doxorubicin (PLD) and bortezomib did
not statistically improve the response rate compared to that shown with bortezomib alone in
patients with relapsed refractory multiple myeloma, this combination was associated with a
higher rate of 2VGPR and ultimately improvement in time to progression [1]. We have
previously reported the promising activity of the combination of PLD, vincristine,
dexamethasone, and lenalidomide in patients with relapsed and refractory multiple myeloma
[12]. Moreover, Berenson et al. reported on the combination of lenalidomide, bortezomib,
liposomal doxorubicin and dexamethasone resulting in a 49% response rate in heavily
pretreated patients with relapsed and refractory myeloma [13]. We found that the overall
response was 53% and the median progression-free survival was 10.5 months in a group of
mostly refractory patients, suggesting synergy between lenalidomide and doxorubicin. In
this study, we investigated this combination in newly diagnosed patients with symptomatic
multiple myeloma.

Patients and Methods
Eligibility
This study was approved by the Institutional Review Board at the University of South

Florida (ClinicalTrials.gov: NCT00617591). Written, informed consent was obtained from
all patients before study entry. Eligible patients had previously untreated symptomatic
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multiple myeloma as defined by the International Myeloma Working Group [14]. In
addition, patients had measurable paraprotein levels in serum (= 0.5 g/dL) or urine (= 0.2 g
in a 24-hour urine collection sample) or by free light chain (involved free light chain >100
mg/L and abnormal serum free kappa-to-lambda ratio). Notable exclusion criteria included
serum creatinine levels >2.5 mg/dL, ECOG performance status >2 (if not due to bone
disease), and ejection fraction <50%. Patients must have a platelet count of > 50,000/mm3
and an absolute neutrophil count of = 1.0 x 109/L unless they had = 50% bone marrow
plasmacytosis, where lower peripheral blood counts were allowed.

Treatment Regimen

Patients received lenalidomide 25 mg orally on days 1-21, dexamethasone 40 mg orally on
days on 1-4, and PLD 40 mg/m? intravenously on day 1 (reduced to 30 mg/m? after the
initial 29 patients were treated). Cycles were repeated every 28 days. Granulocyte colony-
stimulating factor (G-CSF) support was at the discretion of the treating physician.
Thromboprophyalxis was mandated with aspirin, low-molecular-weight heparin, or warfarin
[15]. Patients received prophylactic acyclovir and fluoroquinolones (given our experience
with similar regimens combining liposomal doxorubicin and immunomodulatory agents)
[16]. At the best response (4-8 cycles of induction), patients could proceed with either high-
dose therapy or maintenance with lenalidomide and dexamethasone at the tolerated doses on
the same schedule until disease progression.

Response Criteria

Response to therapy was defined per the uniform response criteria of the International
Myeloma Working Group [14].

Statistical Considerations

This phase 11 study had the following primary endpoints: overall response rate (partial
response or better with induction regimen) and rate of VGPR or better. Secondary endpoints
included progression-free survival in patients who received induction therapy, overall
survival, and tolerability of therapy as assessed by the NCI CTC version 3.0.

A two-stage MiniMax design was used. In the first stage, 22 eligible patients would be
enrolled. If 16 patients or greater had a response, an additional 35 eligible patients would be
enrolled. If 45 patients or greater achieve a response, the combination was deemed effective.
The combination is considered effective if the overall response rate is significantly higher
than 70%. This design provides a power of at least 0.85 (if the true overall response is at
least 85%) with an alpha of 0.05. For VGPR or better, which was another primary end point,
this design provides a power of 0.91 at a one-sided alpha of 0.035 to test if the percent
VGPR or better is higher than 30% (assuming an alternative response rate of 50%) at the
end of stage 2.

Primary efficacy analyses were performed according to the intent-to-treat approach, which
included all enrolled patients. Response rates and toxicity profiles with their 95% confidence
intervals were calculated based on the exact binomial distribution. Associations between two
categorical variables were evaluated using Fisher's exact test. Survival time was analyzed
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using the Kaplan-Meier method with survival log-rank test for stratified analysis.
Progression-free survival was defined as the time from study entry to progression/relapse or
death, and overall survival was defined as time from study entry to death of any cause.
Patients with non-events were censored to their last observation or follow-up date.
Univariate and multivariable Cox proportional hazards models for progression-free survival
were fitted to explore the following potential risk factors: age, gender, heavy chain type,
cytogenetics (high risk versus low risk), and baseline 2-microglobulin and albumin levels.

All P values were 2 sided, with statistical significance set at 0.05.

Between February 2008 and February 2011, 61 patients were consented and screened and 57
patients were eligible and treated. Of the 57 patients, after induction, 18 proceeded with
maintenance therapy and 27 patients proceeded with high-dose therapy. Of the 12 remaining
patients, 8 had stable disease or progressive disease at the end of induction (and received
other therapies) and 4 withdrew consent (3 refused either maintenance or high dose therapy
and 1 withdrew consent during induction). The decision to proceed with high-dose therapy
was at the discretion of the treating physician and patient. Figure 1 summarizes the patient
disposition after enrollment. The data cutoff date for this analysis was July 2012. The
median age was 63 years (range 36-78), and 31 (54%) patients were males. Table 1 lists
patient characteristics at study entry. The median p,-microglobulin level was 3.2 mg/L
(range 1.4-11.3). Cytogenetics and FISH studies were available on 50 patients, of which 11
(22%) had high-risk disease (17p deletion, t(4;14), or hypodiploidy). In addition, 17 patients
(34%) had 13q deletion by FISH.

Induction Toxicities

The median number of induction cycles delivered was 6 (range 1-8). After the first 29
patients were enrolled, high rates of grade 3/4 neutropenia and fatigue were noted (48% and
20%, respectively). Of these 29 patients, 7 required dose reductions in PLD and 6 received
less than 4 cycles of therapy, with 4 patients discontinuing therapy after only one cycle. The
protocol was therefore amended, with the starting dose of PLD decreased from 40 to 30
mg/m2. After the dose adjustment, 28 patients were accrued, with 10 requiring further dose
reduction of PLD; however, only 3 patients received less than 4 cycles of therapy and 2
discontinued therapy after 1 cycle. After the dose adjustment in PLD, we noted a lower
incidence of grade 3 or 4 neutropenia (46.4% versus 58.6%), anemia (10.7% versus 20.7%),
fatigue (3.6% versus 20.6%), and febrile neutropenia (3.6% versus 13.8%) (Table S1).
Grade 3 and 4 adverse events were mainly hematologic in nature, with 49% of patients
experiencing at least one episode of grade 3/4 neutropenia (Table 2). However, only 5
patients had febrile neutropenias, possibly due to the concurrent use of G-CSF and
prophylactic antibiotics. Gastrointestinal adverse events were mainly grade 1 and 2 and were
manageable with supportive measures. Although 25 patients reported mild to moderate
rashes while on study (grades 1 and 2), four patients had grade 3 rashes (none was a true
Steven—Johnson syndrome).
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Stem Cell Collection and High-Dose Chemotherapy and Autologous Transplant

Thirty-one patients had stem cell collection attempts, and all were successful after the first
attempt. Of the 31 patients who had stem cell collection, 27 had high-dose therapy and 4
elected to store stem cells for future use. Stem cell collection occurred after the completion
of induction therapy or a median 6 cycles of induction. The stem cell collection method was
at the discretion of the transplant physician. G-CSF was used alone in 16 patients (median
number of CD34+ cells collected: 4.23; range: 2-8.27 x 105/kg), in combination with
plerixafor in 12 (median number of CD34+ cells collected: 4.25; range: 3.63-15.19 x 106/
kg), with cyclophosphamide in 2 (median number of CD34+ cells collected: 5.07; range:
4.33-5.81 x 10%/kg), and with both plerixafor and cyclophosphamide in 1 (number of
CD34+ cells collected: 4.47 x 106/kg) patient.

Maintenance Toxicities

Response

Overall maintenance therapy was well tolerated; despite 8 patients (44%) having grade 3
neutropenia, no patients had neutropenic fevers. Table 2 summarizes the main toxicities
reported in maintenance. In addition, 2 patients developed squamous cell carcinoma of the
skin, which required surgical excision and could be considered a second primary
malignancy.

Based on intent to treat, all patients were counted in the response assessment, although 2
patients were not evaluable for response (received 1 cycle of therapy and discontinued
therapy and did not have repeated electrophoretic testing). Table 3 summarizes the response
to therapy by treatment dose level (PLD at 40 mg/m? and at 30 mg/m?). After a median of 6
cycles (range 1-8), the overall response for the entire study was 77.2% and the VGPR and
better rate was 42.1%. Patients who started on therapy with PLD at 40 mg/m? had an overall
response rate of 72% and had a VGPR and better rate of 48%. Patients who were
administered PLD at 30 mg/m? had 82% and 36% for overall response rate and VVGPR rate,
respectively.

Survival and Progression-Free Survival

The median progression-free survival rate for all patients was 28 months (95% CI 18.1-34.8)
(Fig. 2A). Although the median overall survival was not reached, the 1- and 2-year overall
survival rates were 98% (95% ClI 87.6-99.7) and 79.6% (95% CI 65.4-88.5), respectively
(Fig. 2B). Patients with high-risk cytogenetics (17p deletion or t(4;14)) had a median
progression-free survival of 18.1 months (95% CI 6.48-30.9), whereas patients without high-
risk cytogenetic abnormalities had a median progression-free survival of 30.6 months (95%
Cl 18.6-44.8); this difference was not statistically significant (P = 0.38) (Fig. 2C). Similarly,
the overall survival of high-risk and non-high-risk (standard) patients was not statistically
different (P = 0.18) (Fig. 2D). For patients who proceeded with maintenance therapy,
median progression-free survival was 34.8 months (95% CI 18.6 months; not reached). For
patients who proceeded with high-dose therapy, median progression-free survival was 28
months (95% CI 17.3-33.6), which was not statistically significant (P = 0.15) (Fig. 2E).
Similarly, there was no difference in overall survival among patients who proceeded with
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high-dose therapy and those who proceeded with maintenance (P = 0.77) (Fig. 2F). Both
univariate and multivariable Cox proportional hazards models including all covariates listed
in Table 1 showed that only age (in years) was statistically significant in regard to
progression-free survival (hazard ratio = 1.08; P = 0.04) (Table S2).

Discussion

Overall, the addition of PLD resulted in manageable toxicities, consisting mainly of
neutropenia and fatigue in excess of what is expected with lenalidomide and low-dose
dexamethasone. In fact, grade 3/4 neutropenia was noted in almost 50% of patients (with
8.8% of patients experiencing febrile neutropenia) compared to 20% with lenalidomide and
low-dose dexamethasone [2]. In this study, neutropenia was managed with the use of G-CSF
and dose reduction of PLD. Interestingly, after dose reduction of PLD to 30 mg/m2, therapy
was better tolerated, and the response rates were not different, highlighting the importance
of improved tolerability in myeloma therapy similar to what was observed with the use of
high-dose dexamethasone versus low-dose dexamethasone or once or twice weekly
bortezomib in combination with melphalan and prednisone [2, 17]. Stem cell collection after
lenalidomide-based induction therapy in this trial was possible for all patients for whom this
was attempted, and maintenance therapy was generally well tolerated, as we did not observe
clinically significant second primary malignancies in contrast to earlier reports that
suggested that an induction therapy that included anthracycline increased the rate of second
primary malignancies. Finally, we noted venous thromboembolic events in 5 (8.8%) patients
despite prophylaxis. Overall, this is consistent with a baseline rate of thromboembolic events
noted in patients with plasma cell dyscrasia [18].

In this study, the combination of lenalidomide, low-dose dexamethasone, and PLD resulted
in an overall response rate of 77% and a VGPR or better rate of 42%, with median
progression-free survival of 28 months. Although comparisons across studies on frontline
therapy for multiple myeloma should be regarded cautiously, this is comparable to other
lenalidomide-based combinations, including those that combined low- or high-dose
dexamethasone with lenalidomide and cyclophosphamide (Table 4) [2, 19].

The addition of bortezomib to lenalidomide-based therapy appears to result in a higher
response rate (85-100%) and higher rates of VGPR and better (51-67%) [20, 21] than our
combination. Interestingly, Jakubowiak et al. conducted a phase I/11 trial and investigated
the addition of liposomal doxorubicin to the lenalidomide bortezomib and dexamethasone
backbone [22]. They reported response rates and VGPR and better rate of 96% and 57% at 4
cycles (95% and 65% at 8 cycles). These results are not drastically different from what has
been observed without the addition of liposomal doxorubicin. However, the addition of
bortezomib to lenalidomide-based induction comes often at the cost of increased
neurotoxicity, and it remains unclear whether this will translate into a longer progression-
free or overall survival over lenalidomide + dexamethasone induction. In fact, the Southwest
Oncology Group recently completed accrual of patients to a randomized trial comparing
lenalidomide + dexamethasone with or without bortezomib for newly diagnosed multiple
myeloma patients; results are still awaited. More recently, Jakubowiak et al reported
impressive early results using the combination of carfilzomib, lenalidomide, and
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dexamethasone with overall response rates of 98% and =VGPR responses in 81% of patients
without increased neurotoxicity [23]. These results will need to be validated in the context of
a randomized controlled trial [23].

In this study, patients generally did not receive post-transplant maintenance as the results of
the IFM 2005-002 and CALB 100104 were not available at the time. Accordingly, patients
who proceeded with early high-dose therapy had a median progression-free survival of 28
months, which is comparable to the progression-free survival rates shown in the IFM
2005-002 and CALB 100104 control groups (no maintenance, 23 and 27 months) but lower
than rates in the maintenance lenalidomide groups (41 and 46 months) [24, 25]. On the other
hand, patients who proceeded with a deferred transplant approach and maintenance
lenalidomide and dexamethasone following induction therapy had a median progression-free
survival of approximately 35 months. In aggregate, the results further highlight the success
of maintenance lenalidomide after primary therapy and high-dose therapy.

Patients with high-risk myeloma (17p deletion or t(4;14)) had a median progression-free
survival of 18 months in this trial compared with 30.6 months for patients with standard risk
myeloma. Although this was not statistically different (likely due to the limited number of
patients with high-risk features (11 patients)), it is nonetheless an indicator that the current
regimen may not overcome high-risk features. The HOVON-65 trial randomized patients
with newly diagnosed myeloma to either VAD or PAD induction followed by high-dose
therapy and maintenance with either thalidomide or bortezomib. The bortezomib regimen
resulted in a median PFS of 22 months (which was superior to a median of 12 months for
non-bortezomib-based therapy) and about 18 months (which was not statistically different
than the PFS of the non-bortezomib-based regimen) in patients with 17p deletion and
t(4;14), respectively [26]. Our results are comparable with the HOVON-65 outcomes in
high-risk patients. Overall, the estimated 2-year overall survival of 60% for high-risk
patients is consistent with contemporary myeloma therapy and likely also a reflection of
salvage therapies used.

In summary, the addition of PLD to the lenalidomide and low-dose dexamethasone
backbone was associated with greater hematologic toxicity but was fairly well tolerated,
with significant improvement in toxicities following our dose reduction of PLD to 30
mg/m?2. Response rates were also comparable, but not clearly better than other lenalidomide-
based induction strategies that did not include a proteasome inhibitor. Given the current
therapeutic landscape in newly diagnosed myeloma, the role of this combination is not
clearly defined. Lenalidomide maintenance was well tolerated after primary therapy and was
associated with a meaningful progression-free survival.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
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(A) Progression-free survival. (B) Overall survival. (C) Progression-free survival in high-
risk versus low-risk patients. (D) Overall survival in high-risk versus low-risk patients. (E)
Progression-free survival in patients on maintenance versus bone marrow transplant (BMT)
therapy. (F) Overall survival in patients on maintenance versus BMT therapy.
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Table 1
Patient Characteristics (n = 57)
Characteristic | Value or Number of Patients | %
Age, median (range), years | 63 (36-78) |
Male | 31 | 54.4
Heavy Chain
19G 33 58.9
IgA 15 26.3
IgD 2 35
IgM 1 1.8
Light chain only 6 10.5
Light Chain, Lambda 18 31.6
International staging system
| 13 228
1 34 59.6
1 7 12.3
Missing 3 53
f,-microglobulin level, median (range), mg/L 3.2(1.4-11.3)
Patients with ,-microglobulin > 5.5 mg/L 6 10.5
Creatinine level, median (range), mg/dL 1.0 (0.6-2.5)
Albumin level, median (range), g/dL 4.1(3.1-4.8)
Cytogenetics
Deletion 13q 17 29.8
Deletion 17p 8 14
t(4;14) 3 5.3
t(11;14) 6 10.5
High risk 11 19.3
Missing, not done 7 12.3
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Table 2
Adverse events possibly related to therapy (occurring in morethan 5% of patientsduring

maintenance and induction)

Induction (N = 57) | Maintenance (N = 18)

Toxicity Gradel/2N (%) | Grade3/4N (%) | Grade1/2N (%) | Grade3/4N (%)
Hematologic

Neutropenia 10 (17.5) 28 (49.1) 2(11.2) 8 (44.4)

Anemia 17 (29.8) 9 (15.8) 3(16.7) 1(5.6)

Thrombocytopenia 20 (35.1) 4 (7.0) 4 (22.2) 2(11.1)
Infectious

Febrile neutropenia 0 5(8.8) 0 0

Non-neutropenic fever 11 (19.3) 0 1(5.6) 0
Gastrointestinal

Nausea 19 (33.3) 1(1.7) 2(11.1) 0

Vomiting 12 (21.0) 1(1.7) 1(5.6) 0

Diarrhea 22 (38.6) 1(1.7) 4(22.2) 0

Anorexia 15 (24.3) 1(1.7) 3(16.7) 0
Cardiovascular

Deep venous thrombosis/pulmonary embolus” 0 5(8.8) 1(5.6) 0
Neurologic

Peripheral neuropathy** 11(19.3) 0 3(16.7) 0

Dizziness 11 (19.3) 0 1(5.6) 0
Dermatologic

Rash 25 (43.9) 4(7) 1(5.6) 0

Alopecia 4(7) 0 0 0
Congtitutional

Fatigue 27 (47.4) 8 (14.0) 3(16.7) 1(5.6)

Weight loss 4 (7.0) 0 0 0

Weight gain 0 0 2(11.2) 0
Second primary malignancies 0 0 0 2 (112"

*
Two patients had a pulmonary embolus in addition to deep venous thrombosis.

*

*
Only grade 1.

*k %k
Two patients had squamous cell carcinomas of skin. 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.
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Table 4
Comparisons of primary and secondary endpointsfor lenalidomide-based induction

regimens studies for newly diagnosed multiple myeloma

Page 15

Overall responserate, % | VGPR, % | Median progression-free survival 2-year overall survival, %
(95% CI), months

Lenalidomide + high-dose dexamethasone

Zonder et al [25] 78% 63% NR 87%

Rajkumar et al [2] 81% 50% 19.1 75%
Lenalidomide + low-dose dexamethasone

Rajkumar et al [2] | 70% 40% 253 87%
Lenalidomide + cyclophosphamide + dexamethasone

Kumar et al [18] | 85% 47% 28 87%
Clarithromycin + lenalidomide + dexamethasone

Niesvizky et al [26] 90%" 74%"* NR NR
Lenalidomide + bortezomib + dexamethasone

Richardson et al [20] 100% 67% NR NR

Kumar et al [19] 850" 51%" NR NR
Lenalidomide + bortezomib + dexamethasone + liposomal doxorubicin

Jakubowiak et al. [22] | 96% 57% NR NR
Carfilzomib + lenalidomide + dexamethasone

Jakubowiak et al [21] | ggop* 81%" NR NR
Present study 7% 42% 28 (18.1-34.8) 80%

Abbreviations: VGPR, very good partial response and better rate; NR, not reported.

*
Represents best overall response rate throughout the study.
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