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Allogeneic Stem Cell TransplantationAllogeneic Stem Cell Transplantation
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TT--CellsCells

CD34+ StemcellsCD34+ Stemcells
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Graft versus MyelomaGraft versus Myeloma--EffectEffect



Allogeneic SCT in MyelomaAllogeneic SCT in Myeloma

upfrontupfront salvagesalvage
(e.g. after effective failure to 

autologous SCT)
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Allogeneic TransplantationAllogeneic Transplantation
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Comparison of standard myeloablativeComparison of standard myeloablative
allogeneic SCT and autologous SCTallogeneic SCT and autologous SCT

TRM Relapse OS

EBMT auto 13% 70% 34 months (med.)

(n=378) allo 41% 50% 18 months (med.)

Boston auto 6% 56% 41% (4 years)

(n=232) allo 24% 46% 39% (4 years)

Data from: Björkstrand et al., 1996; Alyea et al., 2003;
Kuruvilla et al., 2007

Vancouver auto 14% 70% 31% (10 years)
(n=158) allo 22% 47% 40% (10 years)



Rate of molecular remission based on Rate of molecular remission based on 
rearranged immunoglobulin heavy chain rearranged immunoglobulin heavy chain 

genesgenes

In CR:In CR: after allograft:after allograft: 50% molecular CR50% molecular CR
after after autograftautograft:: 7% molecular CR7% molecular CR

In CR:In CR: after allograft:after allograft: 50% molecular CR50% molecular CR
after after autograftautograft:: 16% molecular CR16% molecular CR

Martinelli et al., JCO 2000

Corradini et al., JCO 1999



No. of ptsNo. of pts 1616 1919 1313

5 year cumulativ5 year cumulativ
risk of relapserisk of relapse 0%0% 33%33% 100%100%

Minimal residual disease after allogeneic Minimal residual disease after allogeneic 
stem cell transplantationstem cell transplantation

Multiple Myeloma (EBMTMultiple Myeloma (EBMT--Studie): Pat with CRStudie): Pat with CR

PCR negPCR neg PCR mixedPCR mixed PCR posPCR pos

Corradini et al., Blood 2003Corradini et al., Blood 2003



standard 
myeloablative 

allograft

advantage:
potential cure, molecular 
remission

disadvantage:
high TRM

notice:
improvement of TRM 

Allogeneic SCT in MyelomaAllogeneic SCT in Myeloma

upfrontupfront salvagesalvage
(e.g. after effective failure to 

autologous SCT)



standard 
myeloablative 

allograft

reduced
intensity
allograft

advantage:
potential cure, molecular 
remission

disadvantage:
high TRM

notice:
improvement of TRM more 
recent years

Allogeneic SCT in MyelomaAllogeneic SCT in Myeloma

upfrontupfront salvagesalvage
(e.g. after effective failure to 

autologous SCT)



DosisDosis--reduced conditioningreduced conditioning

TBI 2 Gy/Busulfan 8mg/kgTBI 2 Gy/Busulfan 8mg/kg
FludarabinFludarabin

+ CD34+ stem cells+ CD34+ stem cells
Donor TDonor T--cellscells

Myeloma/Myeloma/
LeukemiaLeukemia

mixed mixed 
ChimerismChimerism

CompleteComplete
ChimerismChimerism



RIC for advanced myelomaRIC for advanced myeloma

IntensityIntensity


MiniMini MidiMidi MaxiMaxi
Standard Standard 

condcond
RegimenRegimen


2 2 GyGy TBITBI
+/+/-- FludaraFludara

(n=52)(n=52)

BusulfanBusulfan
44--8 mg/kg 8 mg/kg 

+ + 
FludarabineFludarabine

(n=41)(n=41)

Mel 100Mel 100--160 160 
mg/mmg/m²²

+ + FludarabineFludarabine
(n=111)(n=111)

After 2000After 2000
(n=239)(n=239)

CRCR 27 % 27 % 24 % 24 % 32 32 -- 49 %49 % 5050--60 %60 %
TRMTRM 17 %17 % 17 %17 % 20 20 -- 25%25% 2525--30 %30 %
SurvivalSurvival 41 %41 %

(1,5 years)(1,5 years)
62 % 62 % 

(2 years)(2 years)
30 % 30 % -- 71 %71 %

(2 years)(2 years)
28 28 -- 77 %77 %

Data from: Gerull 2005; Mohty 2004; Badros 2002; Giralt 2002; 
Kröger 2004; Hunter 2005; Lokhorst 2003



Transplant Related MortalityTransplant Related Mortality

RIC n=321RIC n=321

Standard n=196Standard n=196
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RelapseRelapse

RIC n=321RIC n=321

Standard n=196Standard n=196

P<0.0001P<0.0001
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Overall SurvivalOverall Survival
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ReRetrospective comparison between RIC and Standard trospective comparison between RIC and Standard 
allograft in myeloma: EBMTallograft in myeloma: EBMT--Data (since 1998)Data (since 1998)

RICRIC
n = 321n = 321

StandardStandard
n = 196n = 196

Prior transplantsPrior transplants  --

Less PR/CR more SD/PDLess PR/CR more SD/PD  --

More unrelated donorsMore unrelated donors  --

Longer interval for Longer interval for 
diagn. to transplantdiagn. to transplant  --

More TMore T--cell depletion cell depletion 
(incl. Campath)(incl. Campath)


--

Median ageMedian age  (51 y.)(51 y.) (45 y.)(45 y.)



standard 
myeloablative 

allograft

reduced
intensity
allograft

advantage:
potential cure, molecular 
remission

disadvantage:
high TRM

notice:
improvement of TRM more 
recent years

Allogeneic SCT in MyelomaAllogeneic SCT in Myeloma

upfrontupfront salvagesalvage
(e.g. after effective failure to 

autologous SCT)



Timing of RIC Transplantation: before or after failure Timing of RIC Transplantation: before or after failure 
to autologous transplantationto autologous transplantation
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Cumulative incidence of relapse and TRM in Cumulative incidence of relapse and TRM in 
a competing risk modela competing risk model
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standard 
myeloablative 

allograft

reduced
intensity
allograft

advantage:
potential cure

disadvantage:
high TRM

notice:
improvement of TRM more 
recent years

advantage:
less TRM

disadvantage:
probably higher risk of 
relapse

notice:
patient-selection
no prospective 
randomized trial

Allogeneic SCT in MyelomaAllogeneic SCT in Myeloma

upfrontupfront salvagesalvage
(e.g. after effective failure to 

autologous SCT)



standard 
myeloablative 

allograft

reduced
intensity
allograft

tandem auto-
allo (RIC) 

transplantation

advantage:
potential cure

disadvantage:
high TRM

notice:
improvement of TRM more 
recent years

advantage:
less TRM

disadvantage:
probably higher risk of 
relapse

notice:
patient-selection
no prospective 
randomized trial

Allogeneic SCT in MyelomaAllogeneic SCT in Myeloma

upfrontupfront salvagesalvage
(e.g. after effective failure to 

autologous SCT)



StandardStandard--AllograftAllograft

Reduction of treatment related mortality Reduction of treatment related mortality 
from allogeneic SCTfrom allogeneic SCT

High-dose 
chemotherapy

Autologous
SCT

Allogeneic SCT 
after reduced 

intensity 
conditioning

Adoptive
Immunotherapy 

(DLI)

2 2 -- 33
MonthsMonths

Allogeneic
Immunotherapy++



AutoAuto--AlloAllo Tandem TransplantationTandem Transplantation

n = 109 n = 109 n = 59 n = 59 n = 16n = 16 n = 46n = 46

AutoAuto--RegimenRegimen


MelphalanMelphalan
200 mg/m200 mg/m²²

MelphalanMelphalan
200 mg/m200 mg/m²²

MelphalanMelphalan
140 mg/m140 mg/m²²

MelphalanMelphalan
200 mg/m200 mg/m²²

AlloAllo--RegimenRegimen


2 2 GyGy TBITBI
+/+/--

FludarabineFludarabine

MelphalanMelphalan
100100--150 mg/m150 mg/m²²
+ + FludarabineFludarabine

(1)(1)

2 2 GyGy TBITBI
+ + FludarabineFludarabine

BusulfanBusulfan
4 mg/kg BW4 mg/kg BW

+ + FludarabineFludarabine
(2)(2)

CRCR 52 52 -- 58 %58 % 55 55 -- 83 %83 % 62 %62 % 33 %33 %

TRMTRM 16 16 -- 17 % 17 % 
(1 year)(1 year)

0 0 -- 17 % 17 % 
(1 year)(1 year)

16 %16 %
(1 year)(1 year)

11 %11 %
(1 year)(1 year)

OSOS 78 % 78 % 
(2 years)(2 years)

70 % 70 % -- 100 % 100 % 
(2 years)(2 years)

62 % 62 % 
(3 years)(3 years)

57 % 57 % 
(2 years)(2 years)

Data from  Maloney 2003; Bruno 2007; Carella 2004,
Kröger 2002; Garban 2006, Soek 2003



AutoAuto--allo (RIC) vs standard allo SCTallo (RIC) vs standard allo SCT

Daten aus: Maloney 2003; Bruno 2007; Carella 2004,
Kröger 2002; Garban 2006, Soek 2003, Lokhorst 2003

AutoAuto--alloallo AlloAllo StandardStandard
(after 2000)(after 2000)

Regimen Regimen 
Mel 200 mg/mMel 200 mg/m²²

→→ Mel 140/ Mel 140/ oderoder 2 2 GyGy
TBI + TBI + FludarabineFludarabine

MelphalanMelphalan
200 mg/m200 mg/m²²//
12 12 GyTBIGyTBI

CRCR ~ ~ 55 %55 % ~ 50~ 50--6060 %%

RelapseRelapse
~ 35~ 35--40 40 %% ~ 35~ 35--4040 %%

TRMTRM ~ 15~ 15 %% ~ 25~ 25--30 %30 %



Randomised studies comparing tandemRandomised studies comparing tandem--
autologous SCT vs. autoautologous SCT vs. auto--allo (RIC) in myelomaallo (RIC) in myeloma

AuthorAuthor numbernumber
PatientsPatients

RegimeRegime TRMTRM ResponseResponse
(CR)(CR)

DFSDFS OSOS

Garban Garban 
etet al., al., 
20062006

n = 219n = 219
autoauto--autoauto::

Melphalan (200 mg/mMelphalan (200 mg/m²²) /) /
Melphalan (220 mg/mMelphalan (220 mg/m²²))

5 %5 % 33 %33 % 0 %0 %
(at 5 years)(at 5 years)

44 %44 %
(at 5 years)(at 5 years)

High riskHigh risk
(del13/(del13/ßß2)2) n = 65n = 65

autoauto--allo:allo:
Melphalan (200 mg/mMelphalan (200 mg/m²²) /) /
Busulfan (4 mg/kg BW)Busulfan (4 mg/kg BW)

FludarabineFludarabine
ATG (Thymoglobulin)ATG (Thymoglobulin)

11 %11 % 33 %33 % 0 %0 %
(at 5 years)(at 5 years)

33 %33 %
(at 5 years)(at 5 years)

Bruno Bruno 
etet al.al., , 
20072007

n = 80n = 80
autoauto--auto:auto:

Melphalan (200 mg/mMelphalan (200 mg/m²²) /) /
Melphalan (200 mg/mMelphalan (200 mg/m²²))

4 %4 % 26 %26 % 20 %20 %
(at 4 years)(at 4 years)

53 %53 %
(at 4 years)(at 4 years)

All riskAll risk n = 82n = 82
autoauto--alloallo::

Melphalan (200 mg/mMelphalan (200 mg/m²²) /) /
2 Gy TBI2 Gy TBI

10 %10 % 55 %55 % 42 %42 %
(at 4 years)(at 4 years)

75 %75 %
(at 4 years)(at 4 years)
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HLA-Id sibling:
YES
NO n=82

n=80

Bruno et al., NEJM 2007

Outcome according to presence of HLAOutcome according to presence of HLA--identical identical 
siblings (n=162), Median follow up from diagnosis:siblings (n=162), Median follow up from diagnosis:

45 months, range 2145 months, range 21--9090

p=0.01 p=0.02

p=0.01

p=0.02



Bruno et al., NEJM 2007
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Spanish PETHEMA/GEMSpanish PETHEMA/GEM--2000 Trial2000 Trial

VBMCP/VBAD

Bu-MEL or MEL-200 / SCT

CR or nCR PR or MR

CVB* or MEL-200 /SCT 
or “allo-RIC**”

IFN/PRED

IFN/PRED*Cyclophosphamide, Etoposide, BCNU
** Fludarabine/Melphalan-140 Blade ASH 2007



Response UpResponse Up--grading with Second HDT grading with Second HDT 
““AutoAuto”” vs.vs.““AlloAllo--RICRIC””

ResponseResponse 22ndnd AutoAuto
(n=85)(n=85)

AlloAllo--RIC RIC 
(n=26)(n=26)

NonNon--evaluableevaluable 1 (1%)1 (1%) --
CR (IFCR (IF--))## 9 (10%)*9 (10%)* 9 (35%)*9 (35%)*
nn--CR (EPCR (EP--))†† 7 (8%)7 (8%) --
PRPR 8 (9%)8 (9%) 2 (8%)2 (8%)
MRMR 9 (10%)9 (10%) 2 (8%)2 (8%)
No changeNo change 45 (53%)45 (53%) 9 (35%)9 (35%)
Progressive diseaseProgressive disease 2 (2%)2 (2%) --
TRMTRM 4 (5%)**4 (5%)** 4 (15%)**4 (15%)**

*p=0.01*p=0.01 ** p=0.08** p=0.08 ##IF: IF: immunofixationimmunofixation ††: electrophoresis: electrophoresis



EFS EFS 
2nd Auto vs. Allo2nd Auto vs. Allo--RICRIC
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standard 
myeloablative 

allograft

reduced
intensity
allograft

tandem auto-
allo (RIC) 

transplantation

advantage:
potential cure

disadvantage:
high TRM

notice:
improvement of TRM more 
recent years

advantage:
less TRM

disadvantage:
probably higher risk of 
relapse

notice:
patient-selection
no prospective 
randomized trial

advantage:
effective as standard 
allograft, but less TRM,

may be better than 
tandem autograft

disadvantage:
still high risk of relapse

Allogeneic SCT in MyelomaAllogeneic SCT in Myeloma

upfrontupfront salvagesalvage
(e.g. after effective failure to 

autologous SCT)



Scenario of treatment of Multiple MyelomaScenario of treatment of Multiple Myeloma

1010--11

1010--22

1010--33

1010--44

1010--55

1010--66

1010--77

11 22 33 44 5 years5 years

Tumor cellsTumor cells

Conv. treatmentConv. treatment
HDHD--therapytherapy
AutoAuto--allo therapyallo therapy

Clinical CRClinical CR

Molecular CRMolecular CR

CureCure

LongLong--termterm
remissionremission



Targeting residual disease after Targeting residual disease after 
transplantation in myeloma transplantation in myeloma 

Induction with new agentsInduction with new agents

Cytoreduction (autologous SCT)Cytoreduction (autologous SCT)

RIC allograftRIC allograft

Drug-based:
- Thalidomid
- Bortezomib
- Revlimid

Adoptive Immunotherapy:
DLI: CD 8 depleted CD3+ cells
Alloreactive NK-Cells
Myeloma-specific CTL`s

Vaccination: 
- mHag
- Cancer testis antigen
- Donor vaccination 

(idiotype)

Platform for MRD-targeting
Posttransplantat-strategies



Donor lymphocyte infusion in combination Donor lymphocyte infusion in combination 
with novel agentswith novel agents

Treatment planTreatment plan

Thalidomide 100 mgThalidomide 100 mg

DLI: 1 x 10DLI: 1 x 1066 CD3+/kg (MUD)CD3+/kg (MUD)
or: 5or: 5 x 10x 1066 CD3+/kg (related)CD3+/kg (related)

No response:No response:
escalating escalating ThaThalidomide (200 lidomide (200 →→ 300 300 →→ 400 mg)400 mg)
And/or: further DLIAnd/or: further DLI

14 days14 days

KrKrööger et al., Blood 2004ger et al., Blood 2004



Thalidomide and DLIThalidomide and DLI

CR:CR: 66/18/18 33%33%

PR:PR: 4/184/18 22%22%

MR:MR: 2/182/18 12%12%

SD/NC:SD/NC: 5/185/18 28%28%

PD:PD: 1/181/18 5%5%

Response rateResponse rate

Med. time to response: 108 days (36 Med. time to response: 108 days (36 –– 266)266)

67% (ORR)67% (ORR)



Thalidomide and DLIThalidomide and DLI

afterafter
SCTSCT

No. of patientsNo. of patients 1818 1111 1818

acute GvHD Iacute GvHD I--IVIV 10 (55%)10 (55%) 5 (46%)5 (46%) 2 (11%)2 (11%)

acute GvHD IIacute GvHD II--IVIV 4 (22%)4 (22%) 3 (27%)3 (27%) 00

chr.GvHD limchr.GvHD lim 4 (22%)4 (22%) 4 (36%)4 (36%) 7 (39%)7 (39%)

chr.GvHD extchr.GvHD ext 1 (6%)1 (6%) 00 00

afterafter
Thal/DLIThal/DLI

afterafter
DLIDLI



PostPost--aallo Transplant Strategiesllo Transplant Strategies

ORRORR CRCR

1.1. Donor lymphocyte Donor lymphocyte 
infusioninfusion 40 40 -- 67 %67 % 19 19 -- 30 %30 %

2.2. CD8CD8--depleted donordepleted donor--
lymphocyte infusionlymphocyte infusion 71 %71 % 43 %43 %

3.3. ThalidomideThalidomide 29 29 -- 83 %83 % 0 0 -- 22 %22 %
4.4. BortezomibBortezomib 80 80 -- 100 %100 % 29 29 -- 30 %30 %
5. 5. InterferonInterferon-- 80 %80 % 80 %80 %

6.6. Thalidomide plus donorThalidomide plus donor--
lymphocyte infusionlymphocyte infusion 67 %67 % 22 %22 %

7.7. Donor vaccinationDonor vaccination 3 out of 53 out of 5
after allograftafter allograft

Data from Lokhorst 2004; Salama 2000; Ayuk 2004; Byrne 1998; Kröger 2004, 2004;
Bruno 2006; Neelapu 2005; Alyea 2001



Multiple Myeloma
Age  ≤ 55 y,Stage II/III

Induction 
chemotherapy
max. 8 cycles
(new agents)

Registration

CD34+ cell harvesting
+ Donorsearch (Sibling 

and MUD) 

Melphalan 200 mg/m2

+ auto PBSC 
Donor available no donor

Melphalan 140 mg/m2

/Fludarabin/ ATG (MUD) 
+ allo PBSC

Melphalan 200 mg/m2

+ auto PBSC 

Thalidomide 100 mg until 
Rel/PD, 

max. 2 years
Thalidomide 100 mg until 

Rel/PD,
max. 2 years + DLI *9/10 Allele*9/10 Allele
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