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Introduction

Venous thromboembolism (VTE) is well known to be a common complication in cancer patients and represents a significant cause of morbidity and mortality [START_REF] Kakkar | Venous thrombosis in cancer patients: insights from the FRONT-LINE survey[END_REF]. Large studies of patients with hematological malignancies have demonstrated the increased risk of VTE in this population [START_REF] Baron | Venous thromboembolism and cancer[END_REF]. Of these patients, multiple myeloma (MM) patients have the highest risk of thromboembolic complications [START_REF] Blom | Malignancies, prothrombotic mutations, and the risk of venous thrombosis[END_REF]. The general incidence of VTE in newly diagnosed MM patients is higher than in relapsed/refractory patients [START_REF] Weber | Thalidomide alone or with dexamethasone for previously untreated multiple myeloma[END_REF][START_REF] Neben | Dose-dependent effect of thalidomide on overall survival in relapsed multiple myeloma[END_REF]. The risk of developing a VTE is highest during induction therapy while patients still have a high tumor burden [START_REF] Heit | Risk factors for deep vein thrombosis and pulmonary embolism: a population-based case-control study[END_REF][START_REF] Zangari | Increased risk of deep-vein thrombosis in patients with multiple myeloma receiving thalidomide and chemotherapy[END_REF]. Beside the myeloma-related risk factors in itself, the appearance of various other individual risk factors like age, obesity, central venous catheters, previous history of VTE, diabetes, chronic renal insufficiency, heart disease, and the kind of anti-myeloma treatment are known.

Thalidomide and lenalidomide have shown significant activity in the treatment of MM [START_REF] Neben | Dose-dependent effect of thalidomide on overall survival in relapsed multiple myeloma[END_REF][START_REF] Weber | Lenalidomide plus dexamethasone for relapsed multiple myeloma in North America[END_REF]. Nevertheless, the associated side effect of VTE is a severe complication in the treatment with these immunomodulatory drugs. Published data for lenalidomide/dexamethasone demonstrate high rates of VTE [START_REF] Knight | Lenalidomide and venous thrombosis in multiple myeloma[END_REF]. The risk significantly increases in analogy to the experience with thalidomide in case of combination with chemotherapy or erythropoietin [START_REF] Rajkumar | Lenalidomide and venous thrombosis in multiple myeloma[END_REF]. In two recently published phase III studies of lenalidomide/ dexamethasone combination therapy with no recommended anticoagulation, VTE occurred more often in the lenalidomide group compared to the placebo group with 14.7% vs. 3.4% (MM-009) and 11.4% vs. 4.6% (MM-010) [START_REF] Weber | Lenalidomide plus dexamethasone for relapsed multiple myeloma in North America[END_REF][START_REF] Dimopoulos | Lenalidomide plus dexamethasone for relapsed or refractory multiple myeloma[END_REF]. A randomized double-blind, placebo-controlled trial for previous untreated MM patients compared dexamethasone in combination with lenalidomide vs. high dose dexamethasone alone. A high initial rate of VTE was seen in newly diagnosed myeloma patients treated with lenalidomide/ dexamethasone, therefore acetysalicyl acid (ASA) 325 mg was mandated. Of 198 patients, 25 patients developed a VTE (12.6%) during initial therapy with lenalidomide/ dexamethasone or after crossover while seven patients (3.5%) had VTE in the high dose dexamethasone arm [START_REF] Zonder | Superiority of lenalidomide (Len) plus high-dose dexamethasone (HD) compared to HD alone as treatment of newly-diagnosed multiple myeloma (NDMM): results of the randomized, double-blinded, placebo-controlled SWOG Trial S0232[END_REF].

Analyzing published data for newly diagnosed patients, the risk is lower at the time of relapse with up to 15% than in newly diagnosed patients with a rate of more than 20% [START_REF] Palumbo | Enoxaparin or aspirin for the prevention of recurrent thromboembolism in newly diagnosed myeloma patients treated with melphalan and prednisone plus thalidomide or lenalidomide[END_REF][START_REF] Rajkumar | A randomized trial of lenalidomide plus high-dose dexamethasone (RD) versus lenalidomide plus low-dose dexamethasone (Rd) in newly diagnosed multiple myeloma (E4A03): a trial coordinated by the Eastern Cooperative Oncology Group[END_REF]. Nevertheless, the rate of 10-15% VTE complications is significantly high in relapsed MM patients. Reducing the incidence of VTE is critical to patient survival, as approximately one fourth of pulmonary embolism (PE) cases present as sudden death [START_REF] Heit | Predictors of survival after deep vein thrombosis and pulmonary embolism: a population-based, cohort study[END_REF].

The heterogeneity of published data does not allow a particular recommendation for VTE prophylaxis for patients receiving an immunomodulatory-based therapy. The optimal pharmacological VTE prophylaxis for patients treated with a combination regime with dexamethasone or chemotherapy and immunomodulatory drugs remains controversial. Recently presented preliminary data of a randomized phase III study of enoxaparin vs. aspirin vs. low-fixed dose of warfarin in newly diagnosed MM patients treated with thalidomide-based regimes revealed that ASA patients had a higher frequency of VTE than LMWH patients, but differences did not reach statistical significance [START_REF] Palumbo | randomized, phase III study of enoxaparin versus aspirin versus low-fixed-dose of warfarin in newly diagnosed myeloma patients treated with thalidomidecontaining regimens[END_REF]. For patients with VTE risk factors, ASA may not be an adequate prophylaxis as a retrospective analysis of the MD Anderson Cancer Centre has recently shown [START_REF] Wright | Characteristics of patients experiencing thromboembolic events during treatment for multiple myeloma: aspirin may not be adequate thromboprophylaxis in patients with multiple risk factors[END_REF].

Currently, a recommendation according to a risk assessment model based on various risk factors is discussed [START_REF] Palumbo | Prevention of thalidomide-and lenalidomide-associated thrombosis in myeloma[END_REF]. Especially in relapsed/refractory patients, limited data are available on the efficacy of thromboprophylaxis. We therefore performed a single center analysis regarding the use of LMWH for prevention of VTE in relapsed/refractory patients treated with lenalidomide/dexamethasone therapy.

Patients and methods

From July 2005 to January 2008, 45 patients with relapsed MM were treated with lenalidomide/dexamethasone in our department. The median age was 62 years (range 29-78 years), 21/45 patients (46.7%) were ≥65 years. Twentyeight patients were male and 17 patients were female. The patients were intensively pre-treated with a median of four previous treatment regimens (range 1-11). Thirty-seven patients (82.2%) underwent at least one autologous transplantation. Twenty-six patients (57.8%) had a thalidomidebased therapy before initiating lenalidomide medication; 29 patients (64.4%) were pre-treated with bortezomib. The median time from first diagnosis to lenalidomide/ dexamethasone therapy was 69 months (range 14-155 months). Twelve patients (26.7%) had a previous medical history of VTE; nine patients (20%) had a port catheter system during treatment with lenalidomide/dexamethasone. The distribution of other VTE risk factors like obesity, diabetes, renal insufficiency, and cardiac disease is scheduled in Table 1.

Treatment was administered with 25 mg lenalidomide days 1-21 and initially with 40 mg oral dexamethasone days 1-4, 9-12, and 17-20. After treatment of ten patients, the dosage of dexamethasone was regularly reduced to 20 mg days 1-4, 9-12, and 17-20 because of severe infectious complications in the preceding patients. The 45 patients received a total number of 192 cycles, respectively a median of three cycles per patient (range 1-17 cycles). The median dosage of dexamethasone was 240 mg per cycle. All of the 45 patients received prophylactic anticoagulation from the start of therapy with LMWH at least for the first three cycles. Also, 167 cycles (86.9%) were given with LMWH in which 152 cycles (79.2%) were administered with enoxaparin: 147 cycles with enoxaparin 0.4 ml daily subcutaneously, two cycles with enoxaparin 0.3 ml due to renal insufficiency, and three cycles with enoxaparin 1.0 ml because of previous severe and recurrent thrombosis of the vena cava superior. Ten cycles (5.2%) were administered with dalteparin. Of these ten cycles, nine were administered with a dosage of dalteparin 2,500 IE once daily and one cycle was given to a patient with the dosage of 5,000 IE once daily; three (1.6%) cycles were performed with nadoparin 7,600 IE once daily. Two cycles (1.0%) were given to one patient with a combination of ASA 100 mg and enoxaparin 0.2 ml. ASA had already been continuously administered due to coronary heart disease before initiating medication with lenalidomide. Twenty-five cycles (13.0%) were administered during medication with ASA 100 mg. All of these patients started with LMWH prophylaxis for at least the first three cycles but due to adverse reaction in one case and easier management of care in two other cases, prophylaxis was switched to ASA after four and five cycles, respectively. All patients were seen at least once every 2 weeks in our department and examined for clinical signs of thrombosis. At the time of analysis, 37 patients (82.2%) were alive, 24 patients (53.3%) were still on therapy with lenalidomide/dexamethasone while 21 patients (46.6%) had stopped due to progressive disease or severe side effects.

Results

One of 45 patients developed a VTE (2.2%). The 74-year-old Caucasian male had a previously diagnosed thrombosis. It had developed several years before starting the treatment with lenalidomide/dexamethasone. After the first cycle of lenalidomide/dexamethasone, he underwent surgery for a double-sided inguinal hernia. The patient was taking 100 mg ASA regularly because of coronary heart disease. Therewith beside the myeloma-related risk, he had four additional VTE risk factors: age ≥65 years, previous history of VTE, surgery, and a chronic heart disease. He was intensively pre-treated with six prior treatment regimens including autologous transplantation but no previous therapy with thalidomide had been performed. Before starting anti-myeloma treatment with lenalidomide/dexamethasone, prophylaxis was extended with additional continuous enoxaparin 20 mg subcutaneously. Anti-myeloma treatment was administered as previously mentioned. The dosage of dexamethasone was reduced in the second cycle to 20 mg days 1-4. At day 20 of the second cycle, the patient developed deep vein thrombosis and pulmonary embolism (PE). Treatment with lenalidomide was stopped and changed to bendamustine. In January 2008, the patient was still alive. None of the other 44 patients had clinical signs of thrombosis or embolism and none of the patients experienced bleeding complications.

Discussion

Multiple myeloma remains incurable with conventional treatment but the development of new agents like bortezomib, thalidomide, and lenalidomide have changed the management of the disease essentially. All of these drugs have shown significant activity in the treatment of MM [START_REF] Weber | Lenalidomide plus dexamethasone for relapsed multiple myeloma in North America[END_REF][START_REF] Richardson | Extended follow-up of a phase 3 trial in relapsed multiple myeloma: final time-to-event results of the APEX trial[END_REF]. Nevertheless, they have side effects that partly entail the end of the therapy. Venous thromboembolism is such a severe complication in the treatment with the immunomodulatory drugs thalidomide or lenalidomide (see Table 2).

With the frequent use of these drugs, VTE have attained a new clinical dimension, but the optimal pharmacological prophylaxis remains controversial [START_REF] Durie | Deep vein thrombosis in myeloma: estimate of prevalence and recommendations for therapy based upon a survey of members of the International Myeloma Working Group (IMWG)[END_REF]. For the prophylaxis of VTE in cancer patients in general, LMWH is recommended as standard of care [START_REF] Geerts | Prevention of venous thromboembolism: the Seventh ACCP Conference on Antithrombotic and Thrombolytic Therapy[END_REF]. In the absence of randomized data, ASA became a candidate for VTE prophylaxis for patients receiving lenalidomide/dexamethasone. Earlier published data may suggest that ASA is a potential drug for prevention of VTE with many advantages compared to LMWH such as oral administration, low cost, and high availability [START_REF] Baz | The role of aspirin in the prevention of thrombotic complications of thalidomide and anthracycline-based chemotherapy for multiple myeloma[END_REF].

In a retrospective analysis of different trials of newly diagnosed patients, Palumbo et al. showed a rate of VTE of 2.1% for patients who were treated with melphalan/ lenalidomide/prednisone and who received a thromboprophylaxis with ASA. But it needs to be considered that dexamethasone has a much higher potency to provoke VTE than prednisone. Beside that, the dosage of dexamethasone in itself is much higher with 240 to 480 mg/cycle compared to 100 mg prednisone [START_REF] Palumbo | Enoxaparin or aspirin for the prevention of recurrent thromboembolism in newly diagnosed myeloma patients treated with melphalan and prednisone plus thalidomide or lenalidomide[END_REF]. For newly diagnosed patients who receive a dexamethasone-containing regime, ASA may not be an adequate prophylaxis as recently published data have shown [START_REF] Zonder | Superiority of lenalidomide (Len) plus high-dose dexamethasone (HD) compared to HD alone as treatment of newly-diagnosed multiple myeloma (NDMM): results of the randomized, double-blinded, placebo-controlled SWOG Trial S0232[END_REF]. The American Society of Clinical Oncology determined that a routine prophylaxis for ambulatory patients with anticoagulation is not recommended, with the exception of patients receiving thalidomide or lenalidomide. Until data of randomized studies are available, LMWH or low dose warfarin is recommended in myeloma patients who are receiving anti-angiogenic therapy in combination with chemotherapy or dexamethasone [START_REF] Lyman | American Society of Clinical Oncology guideline: recommendations for venous thromboembolism prophylaxis and treatment in patients with cancer[END_REF].

Likewise, for patients with additional risk factors beside the myeloma-related risk in itself, ASA seems to be insufficient. Taking this into account, a strategy according a risk assessment model was initiated. The panel recommends aspirin for patients with ≤1 risk factor for VTE and LMWH for those with ≥2 individual/myeloma-related risk factors [START_REF] Palumbo | Prevention of thalidomide-and lenalidomide-associated thrombosis in myeloma[END_REF]. Nevertheless, data of larger-sized trials are lacking.

We retrospectively analyzed refractory/relapsed MM patients who were treated in our center with lenalidomide/ dexamethasone. With a median of 240 mg/cycle, we administered an intermediate dosage of dexamethasone. All patients received prophylactic anticoagulation with LMWH from the start of treatment. Only one case of DVT and PE occurred. The 74-year-old male received aspirin before starting the treatment with lenalidomide/ dexamethasone because of coronary heart disease. Therefore, the dosage of enoxaparin was reduced from the common dosage of 0.4 to 0.2 ml. In consideration of the experience with no observed bleeding complication, we currently determine an additional prophylaxis with enoxaparin 0.4 ml in such patients.

Being aware of the small number of patients and a refractory/relapsed setting, the rate of 2.2% VTE remains lower than the incidence of VTE in the dexamethasone control arms of the two randomized phase III trials with 4.6% and 3.4%, respectively. Taking into account that 42.2% of patients had beside the myeloma-related risk, one more VTE-specific risk factor and an additional proportion of 44.4% even ≥2 risk factors LMWH prophylaxis seems to be very effective even in patients of higher risk. Patients with no additional risk factors may be protected adequate with the administration of aspirin. Regarding no complications or severe side effects caused by the use of LMWH, we propose prophylaxis with LMWH in patients being treated with lenalidomide/dexamethasone at least during the first 3 months of therapy until randomized trials have proven the equality of other pharmacological prophylaxis. In the future, analysis of randomized trials may sustain the model for the individualized probability of VTE risk [START_REF] Palumbo | Prevention of thalidomide-and lenalidomide-associated thrombosis in myeloma[END_REF].

Table 1

 1 Patient characteristics

	Risk factor	Number (%)
	Previous VTE, port catheter system, age	
	≥65 years, obesity (BMI ≥30), high dose	
	dex 480 mg/month, diabetes, cardiac disease,	
	renal insufficiency Crea.-Cl. ≤40 ml/min	
	Previous VTE	12 (26.7)
	Port catheter system	9 (20)
	Age ≥65 years	21 (46.7)
	obesity (BMI ≥30)	5 (11.1)
	High dose dexamethasone 480 mg/month	10 (22.2)
	Diabetes mellitus	2 (4.4)
	Cardiac disease	5 (11.1)
	Renal insufficiency with Crea.-Cl. ≤40 ml/min	7 (15.6)
	No risk factor	6 (13.3)
	1 risk factor	19 (42.2)
	≥2 risk factors	20 (44.4)

Table 2

 2 VTE rates in patients with multiple myeloma treated with thalidomide or lenalidomide and dexamethasone

	Study	N	Therapy	Prophylaxis	VTE rate (%)
	Dimopoulos et al. [11]	351	Len/high dose Dex vs. Placebo/Dex	None	11.4 vs. 4.6
	Weber et. al [8]	353	Len/high dose Dex vs. Placebo/Dex	None	14.7 vs. 3.4
	Zonder et al. [12]	198	Len/high dose Dex vs. high dose Dex	ASA (not initially)	12.6 vs. 3.5
	Rajkumar et al. [14]	445	Len/high dose Dex vs. Len/Dex low dose	ASA	25 vs. 9
	Palumbo et al. [16]	200 (interim analysis)	Thal-based therapy	ASA vs. LMWH vs.	9
				low-fixed dose warfarin	3
					3
	Minnema et al. [24]	211	Thal/Adriamycin/Dex high dose (TAD)	LMWH	8
	Klein et al. (this study)	45	Len/intermediate Dex	LMWH	2.2
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