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Background 

Multiple myeloma (MM) is an aggressive malignant neoplasm of plasma cells that accumulates in the 
bone marrow and contributes to approximately 15 percent of all hematologic malignancies. In 
Canada, MM make up 1.2 percent of all new cancer cases and 1.8 percent of all cancer deaths. 
Seventy-five percent of all myeloma cases are in patients over the age of 60 years, and the incidence 
increases steadily with age. 

Guideline Questions 

1. How should patients who are diagnosed with multiple myeloma who are transplant eligible be 

managed? 

Search Strategy 

Originally, the Medline and Pubmed databases were searched for relevant clinical trials, systematic 

reviews, and meta-analyses (1966-2012). This update involved informal literature searches and 

consensus discussions and the Alberta annual hematology tumour team meeting. 

Target Population 

The following recommendations apply to adult cancer patients with multiple myeloma, who are 

transplant eligible. 

Recommendations 

Treatment Guidelines for Newly Diagnosed Multiple Myeloma 

 

Goal of therapy: 

 

The goals of therapy for young patients with multiple myeloma is to achieve the deepest possible 

response and to maintain that response for as long as possible.  

 

For elderly patients, the goal of therapy is to minimize symptoms and maximize response with as little 

toxicity as possible. 

 

These guidelines identify effective, evidence based treatment regimens to be utilized. These 

treatment regimens can include multi-drug and multi-step approaches, cell therapy, radiation therapy, 

or single agents when appropriate. The use of the most effective therapy in that line of therapy for the 

patient’s level of frailty should be emphasized. 
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Patients ≤ 65 Years Old and Transplant-Eligible:  

 

Whenever possible, patients should be considered for a clinical trial. In the absence of a suitable 

clinical trial, patients who are 65 years old or younger and are transplant-eligible should receive a 

course of therapy consisting of: 

• Pre-transplant induction with a 3-drug regimen that includes lenalidomide, bortezomib, and 

dexamethasone. 

• High dose melphalan followed by autologous stem cell transplantation 

• Post transplant consolidation 

• Maintenance lenalidomide and/or bortezomib until disease progression. 

  

 
Induction Regimens: 

 

  

Depth of response is one of the most important prognostic factors in multiple myeloma1. The goal of 

the transplant course is to achieve the deepest, most durable remissions possible, including stringent 

complete remission and minimal residual disease negativity2. Three drug regimens that include a 

proteasome inhibitor, and IMID, and dexamethasone have been shown in several prospective studies 

to provide superior outcomes when used as part of pre transplant induction.  
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RVD: 

The combination of lenalidomide, bortezomib, and dexamethasone is associated with an improved 

overall response rate, depth of response, progression free survival, and overall survival3-5. This 

benefit is seen in all patient groups including those with high risk cytogenetics. A strategy of RVD 

induction and stem cell transplant followed by consolidation and maintenance therapy results in a 

complete response rate of 59%, median progression free survival of 50 months, overall survival at 

four years of 81%, and high rates of minimal residual disease negativityc. RVD for 4-6 cycles is 

considered standard initial induction regimen for transplant eligible myeloma patients.  

 

KRd: 

The use of cafilzomib based inductions have been produced durable responses (FORTE study: Gay, 

F et al Lancet Oncology 2021) when combined with high dose melphalan and autologous stem cell 

transplant. However, when RVd was compared to KRd in the randomized phase 3 endurance trial, 

both treatments showed similar progression free survival. Median overall survival was not reached in 

either group. Toxicity was higher, however, in the KRd regimen6. A subsequent retrospective study of 

KRd versus RVd followed by stem cell transplant shows similar responses in the two groups7. As 

such KRd does not offer advantages over RVD for induction therapy prior to stem cell transplant.  

 

CYBORD: 

CYBORD has not been compared to RVd or Rd as induction therapy for transplant eligible myeloma. 

Historical response rates and outcomes in phase 2 studies and real world evidence, including 

Canadian Myeloma Research Group’s database, offer inferior responses to those seen with the RVd 

combination, which have the strength of evidence of two phase 3 studies. As such, CYBORD is no 

longer considered standard for initial therapy in this setting. However, CYBORD remains an option for 

those who do not tolerate lenalidomide or have a contraindication to the drug. It may also be 

considered an option for initial cycles in patients presenting with renal failure with the intention of 

switching to RVD upon improvement of renal function. 

 

Four Drug Regimens: 

Anti-CD 38 monoclonal antibodies have been incorporated into frontline therapy for patients with non-

transplant eligible multiple myeloma, dramatically improving responses and survival. RVD with 

daratumumab (D-RVD) was compared to RVD alone for transplant eligible patients in the randomized 

phase 2 Griffin study. Patients received induction with either D-RVd or RVd for four cycles followed by 

stem cell transplantation, consolidation and maintenance with the same regimen they received in 

induction. Stringent complete responses were higher in the daratumumab arm (62% versus 45%). 

Rates of minimal residual disease were also higher (51% versus 20%)8. Estimated progression free 

survival at four years was similar in the two groups (87% versus 70%). The Casseiopia phase 3 study 

using D-VTD induction showed a difference compared to VTD in PFS (90% compared to 81%) at 

three years, however, we are awaiting longer term data. The value of the daratumumab in limited 

durations of 4 cycles pre-high dose melphalan with autologous stem cell rescue followed by 2 cycle in 
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consolation appears to abrogate the need for continuous daratumumab in maintenance following 

consolidation in this trial. Although this regime has Health Canada approval, thalidomide does not 

have provincial funding and as such will not be listed in the recommendations in this guideline. 

 

The GMMG-HD7 trial comparing Isatuximab plus RVD to RVD alone also showed an improvement in 

MRD negativity (50% vs 36%)9. Progression free survival is not yet reported. 

 

Neither daratumumab nor Isatuximab are currently funded provincially for upfront treatment of 

patients with multiple myeloma who are transplant eligible, and alternate funding is required for its 

use.  

 

Transplant eligible patients should receive 3-4 cycles of induction therapy before proceeding to 

ASCT. The achievement of CR is not required to proceed to transplant. Patients who fail to achieve 

CR after 3-4 cycles of induction, including those with primary refractory disease, can still benefit from 

high dose therapy and ASCT and should still be referred for transplant evaluation. Options for those 

demonstrating inadequate response to initial induction (<PR) include stem cell collection and 

transplant without re-induction, or second line salvage therapy prior to transplant. In the latter case, 

regimens containing anti-CD38 monoclonal antibody (daratumumab, isatuximab) can be considered. 

 

RVD Regimen: 

Patients should receive no more than 4 cycles prior to attempted stem cell mobilization. Cycles are 

repeated every 28 days. Each cycle consists of: 

o Lenalidomide 25mg orally daily for 21 days 

o Bortezomib 1.5mg/m2 subcutaneously weekly for 4 weeks 

o Dexamethasone 40mg orally weekly for 4 weeks. 

A 21-day schedule can be used for sicker patients requiring a more rapid initial response to 

therapy: 

o Lenalidomide 25mg orally daily for 14 days 

o Bortezomib 1.3mg/m2 subcutaneously twice weekly for 2 weeks 

o Dexamethasone 40mg orally twice weekly for 2 weeks. 

 

 

High Risk Myeloma:  

Patients with high risk cytogenetic aberrations such as del17p or t(4;14) and t(14;16) have a worse 

outcome with ASCT than patients without these findings. They should be considered for clinical trials 

with novel frontline agents with or without SCT. However, in the absence of a clinical trial, patients 

with high risk myeloma should receive similar treatment as other myeloma patients including 

induction with a VRD followed by ASCT. All patients are recommended to have evaluation of 

cytogenetic abnormalities prior to initiation of therapy by bone marrow aspirate to screen for the 

double hit myeloma. Screening for tp53, del1q, amplification of 1p, in addition to current high risk 



 
 

           6  
 

Guideline Resource Unit 
 

Last revision: September 2023 

lesions of t(4:14) with assessment of the NSD2 breakpoint,40 and t(14;16) are considered the global 

standard of care.  

 

Stem Cell Transplantation: 

 

Autologous Stem Cell Transplant (ASCT):  

Four large randomized trials initially demonstrated the superiority of autologous stem cell 

transplantation to standard dose chemotherapy with significant prolongation of TTP and OS.10-13 

Other trials, with several caveats, have failed to demonstrate the same benefit from ASCT.14-17 

Details of these trials are outlined in Table 1 of Appendix A. Subsequent trials have confirmed the 

ongoing benefit of stem cell transplant over approaches that do not include transplant4,5.  

 

Deferral Of Transplant: 

Deferral of transplant until first relapse has been explored as an approach for transplant eligible 

patients. The DETERMINATION trial randomized patients to a strategy of either RVd followed by 

lenalidomide maintenance, or RVd, stem cell transplant, and lenalidomide maintenance31. 

Progression free survival was 67.5 months in the transplant group versus 46.2 months in the no 

transplant group. There was no difference in overall survival between the groups, likely because of 

the availability of effective salvage therapies at relapse. Unfortunately, in the no transplant group, only 

35% of those requiring subsequent therapy went on to receive stem cell transplant, suggesting that 

alternative effective salvage therapies influenced the study results. Among patients with high risk 

cytogenetics, PFS was 55 months for transplant and only 17 months for the RVD alone group. 

Because of the observed improvement in progression free survival, upfront stem cell transplant 

remains a recommendation for newly diagnosed multiple myeloma patients. However deferral of 

transplant can be considered an option. When the patient is planning for a deferred transplant stem 

cell should still be collected early in the course of first line therapy, given difficulties collecting stem 

cells after prolonged IMId therapy. 

 

Transplant Over the Age of 65: 

Patients are considered transplant eligible if they are under the age of 65, meet minimal requirements 

for underlying organ function and all other transplant eligibility requirements of the Calgary or 

Edmonton transplant programs.  There is no proven benefit to transplant over currently listed 

standard therapy for patients over the age of 65, and no randomised trials addressing this have been 

performed in the frontline daratumumab era. The Myeloma XI study did look at the outcomes for 

patients over 65 undergoing non-transplant and transplant approaches37. However, the comparison 

was not randomized with the selected bias of the treating doctor assigning patients to the TE or NTE 

arms. In addition, only 62% of those aged 65-69, and 57% of those over 70 who were initially deemed 

to be transplant eligible went on to stem cell harvest at the end of induction, again resulting in 

considerable selection bias among those getting ASCT. Retrospective analysis of the CIBMTR show 

good outcomes for this population, but selection bias is demonstrated again with only 15% of patients 
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being over 65 with no published quality of life analysis studied specifically in this cohort38. Given the 

improvement in outcomes seen in transplant free regimens for elderly patients (as described in the 

non transplant eligible section of these guidelines), stem cell transplant is not recommended as initial 

therapy for patients over the age of 65 or with significant comorbidities. 

  

Renal Failure: 

Patients with renal failure on dialysis are candidates for autologous stem cell transplant and should 

be referred without significant delays for transplant evaluation, based on the individual transplant 

program’s ability to manage dialysis patients undergoing stem cell transplant.  

 

Stem cell collection: 

The standard regimen includes cyclophosphamide 2.5 gm/m2 with G-CSF starting on day 7. The goal 

is to collect at least 3-5 x 106 CD34 cells/kg for each planned transplant. Alternatively, mobilization 

may be attempted with GCSF (5-10mcg/kg) with or without plerixafor (0.24mg/kg).  

 

Just over 5% of patients ever go on to a second transplant. With the availability of highly effective 

therapies for 2nd and subsequent lines, the use of a second transplant for salvage at relapse has 

become very infrequent. In addition, it would not be pursued in elderly patients at the time of relapse, 

nor in patients who had a short remission with their first transplant. As such, collection targets should 

be for a single transplant for those over the age of 60. For younger patients who may benefit from a 

transplant in later lines of therapy, or for those for whom a tandem transplant is being considered a 

higher collection target would be indicated. 

 

Conditioning regimen:  

The standard transplant conditioning regimen is high dose Melphalan 200 mg/m2 on day -1.  

 

Tandem Autologous Transplantation:  

Four large randomized trials have addressed the role of tandem transplantation in multiple myeloma, 

and have shown that tandem transplantation improves survival in patients who fail to achieve a VGPR 

after the first transplant. Details of these trials are outlined in Table 2 of Appendix A.18-21 for standard 

risk patients the results have otherwise been equivocal. The BMT CTN trial included strategies of 

transplant followed by maintenance, transplant followed by consolidation followed by maintenance, 

and tandem transplant followed by maintenance. Tandem transplant did not show any benefit until 8 

years of followup in only patients with high risk cytogenetics32. Gaglemann et al reported on 488 

patients with extramedullary disease who received single or tandem transplant for newly diagnosed 

myeloma34. Forty-one percent (202) had high risk cytogenetics of whom 42 received a tandem 

transplant. A second transplant improved both OS and PFS (84% and 45% at 4 years) compared to 

single transplant (41% and 22%), however no p-value was reported for this comparison and this study 

was not powered for this comparison. 
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The EMN02/HO95 randomized phase III trial compared a bortezomib-based induction followed by 

either continued bortezomib-based therapy vs transplant (single or double) with a second 

randomization examining the impact of VRD consolidation with all patients receiving lenalidomide 

maintenance until progression13. Tandem ASCT improved the 5-year PFS (53.5% vs 44.9%, 

p=0.036) and overall survival (80.3% vs 72.6%, p=0.022) compared to single ASCT. When only those 

with standard risk cytogenetics is considered, the effect was no longer significant with the hazard ratio 

for disease progression or death 0.84. The difference in the median PFS for those with high-risk 

cytogenetics was larger at 46 months following tandem ASCT compared to 26.7 months for single 

ASCT but did not reach statistical significance (p=0.062). The study included only 81 patients in the 

high risk cytogenetic group who underwent transplantation and thus was not powered for this 

comparison. A more focused look at those with del17p (n=40) favored double ASCT over single 

ASCT (5 year-OS 80% vs 57%, p=0.066) although it still did not meet statistical significance. 

 

There does not appear to be a benefit to tandem transplant in patients with standard risk multiple 

myeloma. Published studies have not been powered to assess this modality in high risk patients 

would have showed a trend to benefit especially in those with p53 mutation. Tandem autologous 

transplant should not be routinely performed, but can be considered for patients with high risk 

cytogenetics. 

 

Allogeneic Stem Cell Transplant:  

Four studies have been conducted to date comparing tandem autologous to tandem autologous- 

allogeneic stem cell transplant. The details of these trials are outlined in Table 3 of Appendix A. In a 

French study trial (IFM99-03) of high risk patients (del13 and high β2), no difference in outcome was 

seen between the two approaches.23 In a study by Bruno and colleagues, allogeneic transplant was 

superior however in this study the results of the tandem autologous arm were lower than expected 

and the study had several reporting caveats.24 Early results from the PETHEMA group suggest 

superior results with allogeneic transplant; however they only report a trend for better PFS, not 

OS.26The largest study comparing autologous to transplantation was performed by the US Blood and 

Marrow Clinical Trials Network. 625 patients were biologically assigned to receive either a tandem 

ASCT or ASCT followed by an allogeneic SCT. The 3-year PFS was 46% for the tandem autologous 

arm versus 43% for the autologous-allogeneic arm (P = .67). OS at 3 years was also not significantly 

different between the groups: 80% for the tandem autografts versus 77% for the autologous-

allogeneic arm. Assignment to the autologous-allogeneic arm was associated with worsened survival 

in patients with stage I and II disease, but not in those with stage III disease. At this point, allogeneic 

transplant is not considered a standard part of therapy for newly diagnosed or relapsed myeloma and 

should be performed only in the setting of a clinical trial. 
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Post Transplant Therapy: 

 

Consolidation:  

All patients should be considered for 2 cycles of consolidation therapy with VRD following ASCT, and 

up to four cycles for those patients with high risk disease at diagnosis by cytogenetics, or who do not 

achieve a VGPR post transplant. For patients with alternate funding access to daratumumab, it cam 

be included in post-transplant consolidation. 

 

• Bortezomib 1.5 mg/m2 on days 1, 8, 15, and 22 

• Lenalidomide 5-15mg/d, days 1-21/28  

• Dexamethasone 40 mg on days 1, 8, 15, 22 

 

Maintenance Therapy: 

 

Lenalidomide:  

Two phase III trials have examined the role of lenalidomide maintenance following ASCT. The 

CALGB 100104 (n=460) trial compared a strategy of maintenance with lenalidomide (10mg daily) to 

placebo following ASCT27.At a median follow up of 34 months, maintenance resulted in an improved 

TTP of 46 months versus 27 months for placebos (p<0.001). Overall survival was also improved, with 

HR for death 0.62 (p<0.03). Lenalidomide maintenance was associated with an increase in second 

primary malignancies (SPM) (7.8% vs 2.6%). However event free survival analysis including SPM as 

study related events continued to show improved survival outcomes in favor of the maintenance arm. 

 

The IFM 2005-02 trial28 randomized 614 patients to maintenance with lenalidomide 10-15mg daily 

following ASCT. All patients received two cycles of consolidation with lenalidomide 25mg daily for 21 

of 28 days prior to starting maintenance. With a median follow up of 45 months, the 4 year PFS was 

43% for lenalidomide compared to 22% for placebo (p<0.001). There was no difference in OS (73% 

vs 75%). There were 23 second primary malignancies in the lenalidomide group and 9 in the placebo 

group.  

 

A meta-analysis of the 4 main lenalidomide maintenance studies, including an Italian study and the 

British myeloma XI, revealed an overall survival advantage, emerging at the 5 year post ASCT mark. 

The use of continuous lenalidomide was used in 2 of the 4 studies, where as a schedule of 21 days 

out of a 28 day regime was used in the remainder. The use of the 3 week schedule was adopted in 

Alberta upon approval of lenalidomide maintenance. 

 

A retrospective analysis of 11 clinical trials of lenalidomide-based therapy for relapsed/refractory 

multiple myeloma including 3846 patients reported an incidence rate of second primary malignancies 

(SPMs) of 3.6229. Incidence rate of invasive (hematologic and solid tumor) SPMs was 2.08, consistent 

with the background incidence of developing cancer. In a separate analysis of pooled data from 
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pivotal phase 3 trials of relapsed or refractory MM (n = 703), the overall IR of SPMs was 3.98 (2.51-

6.31) with lenalidomide/dexamethasone and 1.38 (0.44-4.27) with placebo/dexamethasone. IRs of 

non-melanoma skin cancers were 2.40 (1.33-4.33) and 0.91 (0.23-3.66), respectively. IRs of invasive 

SPMs were 1.71 (0.86-3.43) and 0.91 (0.23-3.66), respectively.  

 

Proteosome inhibitors:  

The phase III HOVON-65/ GMMG-HD4 trial randomized 827 patients to receive VAD induction 

followed by ASCT and maintenance therapy with thalidomide (arm A) or bortezomib, doxorubicin, and 

dexamethasone (PAD) followed by ASCT and maintenance with bortezomib every 2 weeks for 2 

years (arm B)30. The strategy of bortezomib-based induction with bortezomib maintenance resulted in 

superior response rates (≥ VGPR 76% vs 56%, p<0.001) and PFS (35 vs 28 months, p=0.02). The 

study was not designed to evaluate the benefit of bortezomib maintenance on its own. However, the 

number of patients achieving a response upgrade after starting maintenance was similar between the 

thalidomide and bortezomib maintenance arms suggesting similar effects of these two strategies. An 

analysis of PFS calculated from the time of last HDM showed a significant difference in favor of the 

bortezomib arm (31 versus 26 months). This indicates that although post-transplantation bortezomib 

and thalidomide both achieved similar response upgrades, bortezomib contributed more to 

improvement of PFS. Importantly in this study, for patients with del17p, PAD followed by bortezomib 

maintenance significantly improved PFS (mPFS in arm B vs arm A: 26.2 vs 12.0 months; P=.024) and 

overall survival (3-year OS rate in arm B vs  arm A:  69% vs 17% P=.028) 

 

Maintenance therapy with Ixazomib, lenalidomide and dexamethasone (IRd) was compared to 

lenalidomide with dexamethasone in the GEM2014MAIN trial35. With a median follow-up of 56 

months, they demonstrate there was no difference in PFS between the two maintenance arms 

(median not reached, PFS at 5 years: 62% vs. 63% with IRd and Rd, respectively, p=0.785). As such, 

Ixazomib maintenance is not recommended following ASCT. 

 

Similarly, concurrent carfilzomib with lenalidomide was also compared with lenalidomide as part of a 

second randomization in the FORTE study. Here, the 3-year PFS from the second randomization was 

75% in patients treated with carfilzomib + lenalidomide (95% CI, 68–82, median, not reached [NR]; 

95% CI, NR–NR) versus 65% with lenalidomide alone (95% CI, 58–72, median, NR; 95% CI, NR–

NR) (hazard ratio, 0.64; 95% CI ,0.44–0.94; p = 0.023). Carfilzomib is currently not funded for first line 

therapy, including maintenance therapy. 

 

Supportive Care: 

  

Thrombosis Prophylaxis 

Thrombosis prophylaxis is required with the use of lenalidomide. There is no consensus at the 

present time regarding the optimal DVT/pulmonary embolism prophylaxis. Acceptable options 

include: 
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• Daily ASA (81 or 325 mg) 

• Prophylactic dose of low molecular weight heparin (LMWH) 

• Coumadin with therapeutic INR (2-3) 

• Novel oral anticoagulant (Apixaban, Rivaroxaban, etc) 

 

Bone Targeted Agents 

All patients should receive a therapy with either a bisphosphonate (zoledronate 4mg or pamidronate 

30 – 90mg every 4 – 12 weeks) or Denosumab, as determined by the renal function of the patient. 

For further details refer to the chapter on supportive care.  

 

Antibiotic Prophylaxis: 

• Valacycolvir 500mg orally daily is recommended for all patients treated with a proteosome 

inhibitor such as bortezomib, and for all patients following stem cell transplant 

• Sulfamethoxazole-trimethoprim (one single strength tablet daily) is recommended for all patients 

following stem cell transplant, and should be considered for patients receiving multidrug 

regimens such as RVd 

• Levoquin 500mg orally daily x 3 months39 

 

Summary of Recommendations 

Regimens containing bortezomib and dexamethasone as well as a third agent (cyclophosphamide, 

lenalidomide) are the standard induction regimen prior to stem cell transplantation for transplant 

eligible patients with standard risk or high risk myeloma requiring treatment. VAD or single agent 

dexamethasone should not be used. 

 

• RVD is the recommended regimen for initial therapy of newly diagnosed transplant eligible 

patients. Patients should receive 4-6 cycles prior to stem cell collection. Cycles are repeated 

every 28 days.  

• Cyclophosphamide followed by growth factor administration or growth factor alone is used for 

stem cell collection 

• The standard stem cell transplant regimen consists of a single transplant conditioned with high 

dose (200mg/m2) Melphalan. 

• Following transplant: 

o All patients are eligible for 2 cycles of VRD. While high risk patients and those who fail to 

achieve VGPR are eligible for 4 cycles 

o Following consolidation, patients with 17p deletion or t(4:14) should receive 

maintenance with lenalidomide and bortezomib (1.3mg/m2) every 2 weeks for 2 years. All 

others should receive lenalidomide 10mg daily for 21-28/28 days every 4 weeks until 

disease progression 
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Appendix A: Evidence Tables for Treatment Regimens in Multiple Myeloma 

Table1. Comparison of Autologous Stem Cell Transplantation to Standard Chemotherapy for Multiple 
Myeloma 

 
Randomized 

Study 
 

 
N 

Age 

SDT vs. HDT/ASCT 

CR (%) mEFS (months) mOS (months) 

IFM9010 200  ≤ 65 5 vs.22(p<0.001) 18 vs. 
22(p=0.01) 

44 vs. 57(p=0.03) 

MRC VII11 401 ≤ 65 8 vs. 44(p<0.001) 19 vs. 
31(p=0.001) 

42 vs. 54(p<0.001) 

IMMSG M97G12 194 50 to 70 6 vs. 25(p=0.0002) 15.6 vs. 
28(p<0.0001) 

42.5vs. 
58+(p<0.001) 

MAG* 14 190 55 to 65 20 vs. 36(p=NR) 18.7 vs. 
25.3(p=0.07) 

47.6 vs. 
47.8(p=0.91) 

PETHEMA‡ 15 164  ≤ 65 11 vs. 30(p=0.002) 33 vs. 42(p=ns) 61 vs. 66(p=ns) 

US Intergroup§ 16 510  ≤ 70 
15 vs. 17(p=ns) 

21 vs. 
25(p=0.05) 

53 vs..58(p=ns) 

HOVON17 261  ≤ 65 
13 vs. 29(p=0.002) 

21 vs. 
22(p=0.28) 

50 vs. 47(p=0.41) 

Palumbo13 524 ≤ 65 
 

22 vs 43 
(p<0.001) 

65% vs 81% at 4 y 
(p=0.02) 

*22% Salvage transplant @ relapse in SDT arm.   ‡Only responding patients were randomized.   
§Cross-over rate of 52% in US Intergroup study. 
 
Table 2. Comparison of Single versus Tandem Stem Cell Transplantation for Multiple Myeloma 

Randomized Study n EFS  OS 

IFM94: Single vs. Tandem 
SCT 
(Attal et al, 2003)18 

399 7 yrs: 10% vs. 20% (p<0.03) 7 yrs: 21% vs. 42% (p<0.001) 

Bologna 96: Single vs. 
Tandem SCT 
(Cavo et al, 2002)19 

321 median: 23 mo vs. 35mo 
(p<0.001) 

7 yrs: 46% vs. 43%(p=0.90) 

HOVON 24: Single vs. 
Tandem SCT 
(Sonneveld et al, 200720 

304 median:  22 movs. 21 mo 
6 yrs: 15% vs. 7% (p=0.013) 

Median 50 movs. 55 mo 
(p=0.51) 

MAG 95: Single vs.. Tandem 
SCT 
(Fermand et al, 1999)21 

193 No difference No difference 
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Table 3. Comparison of Tandem Autologous and Autologous-Allogeneic Stem Cell Transplantations for 
Multiple Myeloma 

Randomized Study n TRM EFS OS Reference 

Auto mel 200/200 vs. 
Auto mel 200 > Allo bu,flu,ATG 

219 
65 

5% 
11% 

0% at 5 yrs 
0% at 5 yrs 

44% at 5 yrs 
33% at 5 yrs 

(Garban et al, 
2006)22 

Auto mel 200/200 vs. 
Auto mel 200 > Allo  2Gy TBI 

80 
82 

4% 
10% 

20% at 4 yrs 
42% at 4 yrs 

53% at 4 yrs 
75% at 4 yrs 

(Bruno et al, 
2007)24 

Auto mel 200 >> 
cyclophosphamide, etoposide, 
BCNU- or melphalan-200  vs. 
Allo-RIC flu, mel 

85 
25 

5% 
16% 

31 months 
Not reached* 

60% at 5 yrs 
61.8% at 5 
yrs 

(Rosinol et al, 
2008)25 

* survival for PFS p=0.08  
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