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Introduction: Lenalidomide is a thalidomide analogue, designed to have improved efficacy

and tolerability over the parent drug. The aim of this retrospective analysis is to evaluate

the impact of thalidomide therapy on lenalidomide response and outcome in relapse or

refractory multiple myeloma patients.

Patients and methodsPatients and methods: A total of 106 relapsed or refractory multiple

myeloma patients received lenalidomide 25 mg plus dexamethasone as salvage therapy;

80 patients progressed on thalidomide treatment (thalidomide-resistant) and 26 patients

discontinued thalidomide in at least partial remission (thalidomide-sensitive). Median time

from diagnosis to lenalidomide treatment was 57 months. Median prior lines of therapies

were 3, range 1–6. 62% of patients were previously treated with autologous stem cell trans-

plantation, and 71% with bortezomib-based regimens.

Results: In the thalidomide-resistant and -sensitive groups, the at least partial response

rates were 56.2% and 61.5% (P = .45), including at least VGPR rates of 16.2% and 11.5%;

the median progression free survival was 10 and 12 months (P = .12) and the median overall

survival was 17 and 18.5 months (P = .50), respectively.
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Conclusion: Lenalidomide may be equally effective in heavily pre-treated multiple myeloma

patients who are thalidomide-resistant or thalidomide-sensitive to a previous therapy.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Multiple myeloma (MM) is a malignant plasma cell disorder

that accounts for approximately 15,000 new diagnoses and

causes nearly 19,000 deaths each year in Europe.1 Despite sig-

nificant advances in the knowledge of the biological mecha-

nisms leading to the disease, MM remains incurable and

relapse occurs in almost all patients. The development of bio-

logical-based treatment, such as thalidomide, lenalidomide

and bortezomib has significantly improved the outcomes of

MM patients both at diagnoses as well as at relapse.2 These

new drugs have shown to be effective in overcoming drug

resistance and prolonging response duration.3–7

Lenalidomide (Revlimd�; Celgene, NJ, USA) is an oral

immunomodulatory analogue of thalidomide. Although both

immunomodulatory drugs (IMIDs) have a similar immuno-

modulatory profile, lenalidomide inhibits IL-6 and TNF-alpha

production more potently than thalidomide. Lenalidomide

has also been shown to have a different safety profile when

compared to thalidomide with fewer neurological symptoms

(particularly peripheral neuropathy), but more myelosuppres-

sion.8,9 In this study we evaluated the response and the out-

come of 80 heavily pre-treated MM patients who progressed

on thalidomide and received lenalidomide–dexamethasone

as salvage therapy. The results were also compared with the

response and the outcome of 26 patients who discontinued

thalidomide in at least partial remission.
2. Patients and methods

We recruited 106 MM patients from 8 Italian Haematology

Divisions. These patients received salvage therapy with lena-

lidomide–dexamethasone from March 2007 to March 2010; all

patients were previously treated with thalidomide-based reg-

imens (from January 2001 to May 2009).

Eighty patients progressed on thalidomide (thalidomide-

resistant, TR) and 26 discontinued thalidomide in at least par-

tial remission (PR) (thalidomide-sensitive, TS). All patients

provided written informed consent for the use of thalidomide

and lenalidomide therapy.

Thalidomide was administered at the maximum tolerated

doses (median thalidomide dose 100 mg in both groups). In

the TR group, 47 patients (58.8%) received thalidomide–dexa-

methasone and 33 (41.2%) thalidomide plus chemotherapy

combinations. In the TS group, all patients discontinued tha-

lidomide in at least partial remission. Eleven patients (42.3%)

received thalidomide–dexamethasone and 15 (57.7%) thalido-

mide plus chemotherapy combinations. Twenty-two of the

twenty-six patients discontinued treatment due to serious

adverse events: peripheral neuropathy (n = 12), neutropenia

(n = 3), thrombosis (1), infections (2), thrombocytopenia (1),

rush (1), fatigue (1) and bradycardia (1). The remaining 4 pa-

tients discontinued thalidomide on the basis of medical deci-
sions (induction with thalidomide-based regimens before

transplantation).

As salvage therapy, lenalidomide was administered at the

dose of 25 mg/day, day 1–21 on a 28-day cycle. All patients re-

ceived dexamethasone, either at high dose (40 mg orally on

days 1–4, 9–12 and 17–20) or at low dose (40 mg orally on days

1–4 or on days 1, 8, 15 and 22). Relapse, progressive disease

and response to treatment were assessed according to the

International Myeloma Working Group Uniform Response

Criteria.10 Progression free survival (PFS) was defined as time

from therapy to the date of progression, relapse or death from

any cause. Overall survival (OS) was defined as time from

therapy until the date of death or the date that patient was

last known to be alive. Toxicities were defined using the Na-

tional Cancer Institute’s Common Toxicity Criteria (version

3.0).11 Time-to-event analysis was performed using the Kap-

lan-Meier method.12 The analyses were performed using the

SPSS for Windows software (version 14.0).
3. Results

3.1. Patient characteristics

Table 1 shows patients’ characteristics. Median age was sim-

ilar in both groups (63 and 65 years, respectively P = .24). A

similar proportion of TR and TS patients demonstrated Inter-

national Staging System (ISS) stage I (38.8% versus 38.5%), II

(35% versus 26.9%) and III (13.8% versus 7.7%), (P = . 09). TR pa-

tients had more prior lines of therapy than TS (median 3 ver-

sus 2.5, P = .051). Median time from diagnosis (TFD) to

thalidomide treatment was 24 versus 31 months in the TR

and TS groups, respectively, (P = .57) with a median duration

of therapy of 12 and 10 months (P = .15). Time from diagnosis

to lenalidomide was similar in the groups (median, 56 versus

58 months, P0 .40). Overall, 58.7% and 65.4% (P = .55) of TR and

TS patients underwent autologous bone marrow transplanta-

tion and 72.5% and 69.2% (P = .8) received bortezomib-based

regimens before lenalidomide therapy.

3.2. Outcomes

Table 2 shows outcomes of lenalidomide treatment. Overall

response rate (ORR) was similar among TR and TS patients

(56.2% versus 61.5%, P = .45) including no difference in the

proportion of complete remission (CR) (10% versus 7.7%), very

good partial remission (VGPR) (6.2% versus 3.8%) and PR (40%

versus 50%). Similarly, there was no difference in PFS (med-

ian, 10 versus 12 months, P = .12) and OS (median, 17 versus

18.5 months, P = .50) among the TR and TS groups, respec-

tively. Logistic regression analysis demonstrated that ISS

stage (P = .34; ODD ratio = .81; 95% CI .53–1.2), number of prior

lines of therapy (P = .96; ODD ratio = 1; 95% CI .73–1.38) and re-

sponse to previous bortezomib-based regimens treatment



Table 1 – Patients’ characteristics.

Patients’ characteristics Thalidomide sensitive n = 26 Thalidomide resistant n = 80

Median age, y (range) 63 (54–82) 65 (43–86)
International staging system,% (n)

1 38.5 (10) 38.8 (31)
2 26.9 (7) 35 (28)
3 7.7 (2) 13.8 (11)
Missing 26.9 (7) 12.4 (10)

Isotype,% (n)
IgG 61.5 (16) 58.7 (47)
IgA 26.9 (7) 21.2 (17)
Light chain 11.6 (3) 16.2 (13)
NS 0 3.9 (3)
k 77 (20) 67.5 (54)
k 23 (6) 30 (24)

Median prior lines of therapy, n (range) 2.5 (1–5) 3 (1–6)
1,2 lines,% (n) 50 (13) 22.6 (18)
3 lines 15.4 (4) 38.7 (31)
>3 lines 34.6 (9) 38.7 (31)

Previous tranplantation,% (n) 65.4 (17) 58.7 (47)
Previous bortezomib,% (n) 69.2 (18) 72.5 (58)
Thalidomide combination regimen,% (n) 57.7 (15)a 441.2 (33)b

ThalDex,% (n) 42.3 (11) 558.8 (47)
Median dose of thalidomide, mg (range) 100 (50–100) 100 (50–400)
Median duration of prior thalidomide treatment, mo 10 12
Median time from diagnosis to thalidomide, mo 31 24
Median time from diagnosis to lenalidomide, mo 58 56

a 3 patients, bortezomib thalidomide dexamethasone; 3 patients, thalidomide doxorubicin dexamethasone; 3 patients, melphalan prednisone

thalidomide; 5 patients, bortezomib melphalan prednisone thalidomide; 1 patient dexamethasone thalidomide cisplatin doxorubicin cyclo-

phosphamide etoposide.
b 3 patients, cyclophosphamide thalidomide dexamethasone; 8 patients, bortezomib thalidomide dexamethasone; 3 patients, thalidomide

doxorubicin dexamethasone; 8 patients, melphalan prednisone thalidomide; 9 patients, bortezomib melphalan prednisone thalidomide; 2

patients, dexamethasone thalidomide cisplatin doxorubicin cyclophosphamide etoposide.

Table 2 – Outcomes of lenalidomide after thalidomide treated patients.

Response% (n) Thalidomide sensitive, n = 26 P Thalidomide resistant, n = 80

CR 7.7 (2) 10 (8)
VGPR 3.8 (1) 6.2 (5)
PR 50 (13) 40 (32)
Overall response,% (95% CI) 61.5 (42.3–80.7) .45 56.2 (45.2–67.2)
Median PFS, mo (95% CI) 12 (2.8–19.1) .12 10 (6.5–11.5)
Median OS, mo (95% CI) 18.5 (2.7–31.3) .50 17 (12.6–21.4)

CR complete response, PR partial response, VGPR very good partial response, PFS progression free survival, OS overall survival.
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(ORR = 75%, P = .22; ODD ratio = 1.9; 95% CI .68–5.4) are not

predictive factors for being lenalidomide responsive or

refractory.

3.3. Toxicity

Discontinuation of lenalidomide therapy due to adverse

events was observed in 10 (12.2%) and 2 (7.7%) of TR and TS

patients, respectively, and was mainly haematologic toxicity.

Neutropenia and thrombocytopenia were more common in

TS than in TR patients and occurred in 23% (n = 6) versus

16.2% (n = 13) and 19.2% (n = 4) versus 3.7%, (n = 3), respec-

tively. Venous thromboembolism was also more common in

TS patients (7.7%, n = 2 versus 1.2%, n = 1), despite the use of

aspirin or low-molecular-weight heparin prophylaxis. The
incidence of anaemia was not significantly different among

the 2 groups (7.7%, n = 2 versus 8.7%, n = 7). Similar rate of der-

matologic toxicity, mainly rush, was reported (3.8%, n = 1 ver-

sus 1.2%, n = 1). Infections and peripheral neuropathy

occurred in 6.2% (n = 5) and 2.5% (n = 2) of TR patients, but

not in TS patients.

4. Discussion

In this study, lenalidomide–dexamethasone is an effective

salvage treatment for relapsed or refractory MM patients

who progressed on thalidomide. TR and TS patients had sim-

ilar ORR (56.2% versus 61.5%, P = .45), PFS (median 10 versus

12 months, P = .12) and OS (median 17 versus 18, 5 months,

P = .50). The MM-009 and MM-010 trials compared lenalido-
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mide plus high dose dexamethasone to high dose dexameth-

asone and placebo in previously-treated MM patients.13,14 Of

the 704 patients enrolled, 39% had previously received thalid-

omide therapy. These studies demonstrated that lenalido-

mide–dexamethasone led to higher ORR, longer time to

progression (TTP) and PFS in comparison with dexametha-

sone despite prior thalidomide exposure. Patients without

thalidomide exposure had a significant higher ORR and PFS

than patients previously exposed but the OS did not differ.

Specifically, treatment with lenalidomide–dexamethasone re-

sults in an ORR of 50%, 41% and 64.8% in thalidomide refrac-

tory (no response to thalidomide, n = 20), relapsed

(progression after at least a partial response to thalidomide,

n = 31) and sensitive (no progression after at least a partial re-

sponse to thalidomide, n = 54) patients, with a median PFS of

7, 7,8 and 9,3 months, respectively.15 Patients included in the

MM-009 and MM-010 trials had received fewer than 3 prior

lines of therapy and had a median TFD of 48 months; 61% of

the thalidomide-exposed patients underwent autologous

transplantation and only 9% received bortezomib-based regi-

mens before lenalidomide therapy. Our cohort of patients was

heavily pre-treated with prior lines of therapy ranging from 1

to 6 and a median TFD of 57 months. In our study, 62% of the

thalidomide-exposed patients underwent autologous bone

marrow transplantation and 71% received bortezomib-based

regimens before lenalidomide therapy.

The toxicity profile of lenalidomide was similar to that pre-

viously reported.13–16 Neutropenia and thrombocytopenia

were the major toxicities. Venous thromboembolism was

present despite the use of aspirin or low-molecular-weight

heparin prophylaxis. The TS group had more toxicity than

the TR. This may be due to the selection of fragile patients

that discontinued thalidomide for toxicity. Peripheral neurop-

athy occurred exclusively in thalidomide-resistant patients.

As expected, no worsening or serious de novo peripheral neu-

ropathy was reported in TS patients, confirming the absence

of severe peripheral neuropathy during lenalidomide therapy.

The major limitations to this study were that it was not a ran-

domised trial and that thalidomide-based regimens were het-

erogeneous and not administered contemporaneously. In

contrast our study was carried out on a larger population

sample of MM patients who progressed on thalidomide. Pa-

tients had received from one to six previous lines of therapy

and a large proportion were already exposed to bortezomib.

In our study, ORR was 56.2% and PFS was 10 months. In the

MM-009 and MM-010 trials ORR was 60% and median PFS

was 11,1 months.13,14,17 Another subset analysis of the MM-

009 and MM-010 trials showed that lenalidomide–dexameth-

asone conferred a significant improvement of benefit after

first relapse when compared with a later use.18 It should be

very interesting to evaluate response rate and outcome of re-

lapsed or refractory MM patients treated with thalidomide

combination regimens at diagnoses and lenalidomide–dexa-

methasone at first relapse.

We concluded that lenalidomide may be equally effective

in heavily pre-treated multiple myeloma patients who are

thalidomide-resistant or -sensitive to a previous therapy.

Lenalidomide may overcome thalidomide resistance in previ-

ously thalidomide-exposed MM patients.
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