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TT--CellsCells Graft versus Host (GvHD)Graft versus Host (GvHD)

Allogeneic Stem Cell TransplantationAllogeneic Stem Cell Transplantation

DonorDonor RecipientRecipient

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

StandardStandard--AllograftAllograft

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

High-dose 
chemotherapy

Allogeneic
Immunotherapy++

Autologous
SCT

Allogeneic SCT 
after reduced 

intensity 
conditioning

Adoptive
Immunotherapy 

(DLI)

2 2 -- 33
MonthsMonths

Rate of Complete RemissionRate of Complete Remission

IFM 94IFM 94 50%50%

MAG95MAG95 37%37%

KrögerKröger 55%55%

MaloneyMaloney 52%52%

Double HDDouble HD--therapytherapy AutoAuto--allo Tandemallo Tandem

BolognaBologna 43%43%

HovonHovon 28%28%

yy

BrunoBruno 53%53%

CarellaCarella 62%62%

SeokSeok 83%83%

RottaRotta 63%63%

Rate Rate ofof molecularmolecular remissionremission basedbased on on 
rearrangedrearranged immunoglobulinimmunoglobulin heavy heavy chainchain

genesgenes

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

Corradini et al JCO 1999

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

11
Overall survival

111
Overall survival

11
Event free survival

111
Event free survival

Outcome according to completed treatment Outcome according to completed treatment 
(n=104) CR: 55% (n=104) CR: 55% vsvs 26% p= 0.00426% p= 0.004

Bruno et al., NEJM 2007
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ImprovingImproving OutcomeOutcome withwith NovelNovel AgentsAgents

1.1. Increasing the numbers of CRIncreasing the numbers of CR

22 Improving depths of complete remissionImproving depths of complete remission

AimsAims

2.2. Improving depths of complete remissionImproving depths of complete remission

Improving Remission Status and Target Improving Remission Status and Target 
Molecular Remission Molecular Remission 

Induction with new agentsInduction with new agents

autologous SCTautologous SCT

if no mCRif no mCR

ImprovingImproving Remission Status Remission Status andand Target Target 
MolecularMolecular Remission Remission 

Induction with new agentsInduction with new agents

autologous SCTautologous SCT

RIC allograft or 2. auto?RIC allograft or 2. auto?

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 Rosiñol , Blood 2008

Response UpResponse Up--grading with Second HDT grading with Second HDT 
“Auto” vs.“Allo“Auto” vs.“Allo--RIC”RIC”

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 4545 (53%)(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: immunofixation IF: immunofixation ††: electrophoresis: electrophoresis

EFS EFS 
2nd Auto vs. Allo2nd Auto vs. Allo--RICRIC
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ImprovingImproving Remission Status Remission Status andand Target Target 
MolecularMolecular Remission Remission 

InductionInduction withwith newnew agentsagents

CytoreductionCytoreduction ((autologousautologous SCT)SCT)

RIC RIC allograftallograft

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

Novel agents post allogeneic SCTNovel agents post allogeneic SCT

RationalesRationalesBortezomib: Bortezomib: 
1. highly active against myeloma cells 1. highly active against myeloma cells 
2. in animal model: reduced GvHD but retain Graft    2. in animal model: reduced GvHD but retain Graft    

versus leukemia effect versus leukemia effect (Sun et al., PNAS 2004)(Sun et al., PNAS 2004) and and 
lead to a decreased Tlead to a decreased T--helper 1 response among helper 1 response among gg
alloreactive Talloreactive T--lymphocytes (lymphocytes (Blanco et al., Blood Blanco et al., Blood 
20062006))

Lenalidomide and ThalidomideLenalidomide and Thalidomide::
1.1. activate Tactivate T--cells and NKcells and NK--cells which might augment cells which might augment 

the graft versus myeloma effect the graft versus myeloma effect (Lioznov et al., BMT (Lioznov et al., BMT 
2009 in press)2009 in press)

2.2. low dose thalidomide more immunosuppressive low dose thalidomide more immunosuppressive 
properties (some activity in cGvHD)properties (some activity in cGvHD)

BortezomibBortezomib

•• n = 23n = 23

•• Relapse after allogeneic SCTRelapse after allogeneic SCT

•• 1.3 mg/m1.3 mg/m22 day 1,4,8+ 11 with (61%) or day 1,4,8+ 11 with (61%) or 
ith t (39) d thith t (39) d th

Bruno et al., Haematologica 2006

without (39) dexamethasonewithout (39) dexamethasone

•• Toxicity:Toxicity: Neuropathy:Neuropathy: 52%52%
Thrombozytopenia:Thrombozytopenia: 41%41%

•• Overall response:Overall response: 61%61%
Complete remission:Complete remission: 22%22%

Bortezomib as posttransplant strategy to Bortezomib as posttransplant strategy to 
enhance remission statusenhance remission status

n= 18 n= 18 
1.3 mg/m1.3 mg/m22 day 1,4,8 and 11 without  day 1,4,8 and 11 without  
dexamethasonedexamethasone
CR:CR: 3030 %%
PRPR 5050 %%

Kröger et al., Exp Hem 2006

PR:PR: 5050 %%
MR:MR: 2020 %%

n = 1:n = 1: skin aGvHD grade I to IIskin aGvHD grade I to II
n = 1:n = 1: skin aGvHD (< 25%)skin aGvHD (< 25%)
n = 2:n = 2: mild deterioration of premild deterioration of pre--existing existing 
chronic skin GvHDchronic skin GvHD

Toxicities according to NCI (CTC)Toxicities according to NCI (CTC)

Grade 0Grade 0 Grade IGrade I Grade IIGrade II Grade IIIGrade III Grade IVGrade IV

LeukocytesLeukocytes 11 (  6 %)11 (  6 %) 1 (  6 %)1 (  6 %) 3 (17 %)3 (17 %) 1 (  6 %)1 (  6 %) 2 (11 %)2 (11 %)

PlateletsPlatelets 4 (22 %)4 (22 %) 2 (11 %)2 (11 %) 3 (17 %)3 (17 %) 2 (11 %)2 (11 %) 7 (39 %)7 (39 %)

NeuropathyNeuropathy 3 (17 %)3 (17 %) 6 (33 %)6 (33 %) 6 (33 %)6 (33 %) 2 (11 %)*2 (11 %)* 1 ( 6 %)*1 ( 6 %)*NeuropathyNeuropathy 3 (17 %)3 (17 %) 6 (33 %)6 (33 %) 6 (33 %)6 (33 %) 2 (11 %)2 (11 %) 1 (  6 %)1 (  6 %)

FatigueFatigue 3 (17 %)3 (17 %) 14 (78 %)14 (78 %) 1 (  6 %)1 (  6 %) ---- ----

DiarrheaDiarrhea 3 (17 %)3 (17 %) 6 (33 %)6 (33 %) 9 (50 %)9 (50 %) ---- ----

NauseaNausea 8 (45 %)8 (45 %) 9 (50 %)9 (50 %) 1 (  6 %)1 (  6 %) ---- ----

RenalRenal 16 (55 %)16 (55 %) ---- 2 (12 %)2 (12 %) ---- ----

*Neurotoxicity grade III/IV only in pat with ongoing CSA treatment*Neurotoxicity grade III/IV only in pat with ongoing CSA treatment

Bortezomib after reduced intensity Bortezomib after reduced intensity 
conditioning alloconditioning allo--SCTSCT

•• n = 37 after allogeneic SCTn = 37 after allogeneic SCT
(87% for progessive disease,(87% for progessive disease,
14% residual disease)14% residual disease)

•• ToxicityToxicity

El-Cheikh et al., Haematologica, 2008

ToxicityToxicity
Neuropathy grade 1Neuropathy grade 1--2:2: 35% 35% 
Thromboztopenia:Thromboztopenia: 24%24%
Fatique:Fatique: 19%19%



4

Overall survival after bortezomib salvage Overall survival after bortezomib salvage 
therapy initationtherapy initation

El-Cheikh et al., Haematologica, 2008

ThalidomideThalidomide

IFM and SFGMIFM and SFGM

•• Thalidomide (50 Thalidomide (50 –– 600 mg) in relapsed MM 600 mg) in relapsed MM 

after allogeneic SCTafter allogeneic SCT

•• n = 31n = 31

Mohty et al., BMT 2005

•• n = 31n = 31

•• 29% PR (6 PR, 3 VGPR)29% PR (6 PR, 3 VGPR)

•• GvHD: n = 5GvHD: n = 5

•• 20% discontinue due to toxicity20% discontinue due to toxicity

•• med PFS 12 monthsmed PFS 12 months

Thalidomide plus DLIThalidomide plus DLI

•• Thalidomide (100 mg) plus DLI (1 x 10Thalidomide (100 mg) plus DLI (1 x 1066 –– 1 x 101 x 1077

CD 3+ cells/kg)CD 3+ cells/kg)
•• n = 18n = 18
•• Toxicity:Toxicity:

-- NeutropeniaNeutropenia grade 1+2:grade 1+2: n = 5n = 5

Kröger et al., Blood 2004

-- ConstipationConstipation grade 2:grade 2: n = 2n = 2
-- WeaknessWeakness grade 2:grade 2: n = 1n = 1

ResponseResponse
ORR:ORR: 67%67%
CR:CR: 33%33%
PR:PR: 22%22%
MR:       12%MR:       12%

2 yrs OS:2 yrs OS: 100%100%
2 yrs PFS:2 yrs PFS:85%85%

Low dose thalidomide (100 mg) and DLILow dose thalidomide (100 mg) and DLI

afterafter
SCTSCT

No. of patientsNo. of patients 1818 1111 1818

afterafter
Thal/DLIThal/DLI

afterafter
DLIDLI

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

Kröger et al., Blood 2004

LenalidomideLenalidomide

•• n = 16; relapse after allogeneic SCTn = 16; relapse after allogeneic SCT
Prior relapse therapy:Prior relapse therapy: DLIDLI n = 11n = 11

thalidomidethalidomide n = 14n = 14
bortezomibbortezomib n = 11n = 11

•• Dose: 25 mg for 21 days, ( n = 8 with and  n = 8 Dose: 25 mg for 21 days, ( n = 8 with and  n = 8 
ith t d th )ith t d th )

Minnema et al., Leukemia 2009

without dexamethasone)without dexamethasone)
•• ToxicityToxicity grade 3/4grade 3/4 neutropenianeutropenia n = 2n = 2

grade 3/4grade 3/4 thrombopeniathrombopenia n = 1n = 1
Thrombosis/PEThrombosis/PE n = 2n = 2

•• ORR 87%ORR 87%
CR  31%CR  31%

•• Increase of TIncrease of T--reg cells (FoxP3+ CD4 cells)reg cells (FoxP3+ CD4 cells)

LenalidomideLenalidomide

•• Lenalidomide 15 Lenalidomide 15 –– 25 mg with (n = 20) and 25 mg with (n = 20) and 
without (n = 4) dexamethasonewithout (n = 4) dexamethasone

•• n = 24  as salvage therapy after allogeneic SCT n = 24  as salvage therapy after allogeneic SCT 
•• median cycles: n = 5 (r, 2 median cycles: n = 5 (r, 2 –– 17)17)
•• Toxicity:Toxicity:

Lioznov et al., BMT 2009 (in press)

•• Toxicity:Toxicity:
-- Neutropenia              grade 3Neutropenia              grade 3--4:4:25%25%
-- Thrombocytopenia  grade 3Thrombocytopenia  grade 3--4:4: 17%17%
-- Infections complications:Infections complications: 50%50%

ORR:ORR: 66%66%
CR:CR: 8%8%
VGPR:VGPR: 8%8%
PR:PR: 50%50%

med. PFS:med. PFS: 9.7 9.7 monthsmonths
med. OS:med. OS: 19.9 19.9 monthsmonths



5

Lymphocytes (p=0,012)

0,00

0,50

1,00

1,50

2,00

2,50

3,00

3,50

4,00

[x
10

e3
/µ

l]

CD3+HLA-DR+ (p=0,0048)

0,0

10,0

20,0

30,0

40,0

50,0

60,0

70,0

80,0

[%
 fr

om
 L

y]

A B

LenalidomideLenalidomide increasesincreases thethe frequencyfrequency ofof
activatedactivated TT-- , NK, NK-- andand TT--reg reg cellscells

before 30-60 90-120

day of treatment

,
before 30-60 90-120

day of treatment

CD4+CD25+CD127- (p=0,036)

0
0,3
0,6
0,9
1,2
1,5
1,8
2,1
2,4
2,7

3
3,3

before 30-60 90-120

day of treatment

[%
 fr

om
 L

y]

NKp 44 (p =0,0008)

0
0,3
0,6
0,9
1,2
1,5
1,8
2,1
2,4
2,7

3
3,3

bef ore 30-60 90-120

d ay o f t r e atm e n t

[%
 fr

om
 N

K
]

B F
HL
NM
P C
P T
P G
S D
UT

C D

Lioznov et al., BMT 2009

60%

70%

80%

90%

100%

xi
ci

ty
 %

 )

Patient 1
Patient 2
Patient 3
Patient 4
Patient 5

Cytotoxicity of NK cells before and after Cytotoxicity of NK cells before and after 
treatment with lenalidomidetreatment with lenalidomide
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Study: Upgrade Study: Upgrade RRemission by Postemission by Post--aallollo
Transplant Transplant StrategiesStrategies

1.1. No CR  on at least day +100 after allograftingNo CR  on at least day +100 after allografting
2.2. Start DLI (1 x 10e6 CD3+ cells/kg) after withdrawl of Start DLI (1 x 10e6 CD3+ cells/kg) after withdrawl of 

immunosuppression and no GvHD alone immunosuppression and no GvHD alone 
E l ti DLI (h lf l ) t b f 6 k if l tE l ti DLI (h lf l ) t b f 6 k if l t

AimAim: Target CR (: Target CR (mCRmCR))

3.3. Escalating DLI (half log) not before 6 weeks if no complete Escalating DLI (half log) not before 6 weeks if no complete 
remission and no GvHDremission and no GvHD

4.4. If no CR after DLI add new agents (thalidomide or If no CR after DLI add new agents (thalidomide or 
bortezomib or lenalidomide)bortezomib or lenalidomide)

5.5. If no CR change to another novel agentIf no CR change to another novel agent
Monitor CR by immunfixation and BM examination by flow Monitor CR by immunfixation and BM examination by flow 
cytometry and patient specific IgH PCR or highly sensitive cytometry and patient specific IgH PCR or highly sensitive 
quantitative plasma cell chimerismquantitative plasma cell chimerism

Target CR posttransplantTarget CR posttransplant

CRCR

Patients with nonPatients with non--complete remissioncomplete remission
after allogeneic SCT (n = 32)after allogeneic SCT (n = 32)

(evaluable for response: according EBMT criteria: n = 32, (evaluable for response: according EBMT criteria: n = 32, 
FACS: n = 27, molecular methods: n = 30)FACS: n = 27, molecular methods: n = 30)

l ti DLI ( 30) di 2 DLIl ti DLI ( 30) di 2 DLI EBMT:   n = 8 (27%)EBMT:   n = 8 (27%)
FACS:   n = 7FACS:   n = 7
Molec.:  n = 7Molec.:  n = 7

plus one or two novel agentplus one or two novel agent
thalidomide / bortezomib or thalidomide / bortezomib or 
lenalidomidelenalidomide

CRCR
EBMT:     n = 11EBMT:     n = 11
FACS:     n = 10 FACS:     n = 10 
Molec:    n =   8Molec:    n =   8

escalating DLI (n = 30), median: 2 DLIsescalating DLI (n = 30), median: 2 DLIs
Thalidomide (n = 1) Bortezomib (n = 1) Thalidomide (n = 1) Bortezomib (n = 1) 
(due to cGvH)(due to cGvH)

PDPD
n = 2n = 2

non CRnon CR
n = 24n = 24

Overall: CR (EBMT): n=19 (59%); FACS: n=17 (63%); molecular: n= 15 (50%)Overall: CR (EBMT): n=19 (59%); FACS: n=17 (63%); molecular: n= 15 (50%)

DLI+/DLI+/-- newnew agentsagents post post allotransplanallotransplant int in
non CR non CR patientspatients (PR/VGR)(PR/VGR)

Factors influencing achievment of CR:Factors influencing achievment of CR:

MUD vs HLAMUD vs HLA--identicl sibling: identicl sibling: n.s.n.s.

aGvHD vs no GvHD: aGvHD vs no GvHD: n.s.n.s.

cGvHD  vs no cGvHD : cGvHD  vs no cGvHD : n.s.n.s.

del.13q  vs no del.13q:del.13q  vs no del.13q: n.s n.s 

salvage  vs upfront allo SCT: salvage  vs upfront allo SCT: n.sn.s

<50y  vs > 50 y:<50y  vs > 50 y: 62 vs 22%,62 vs 22%,
p=0.02p=0.02

CRCR

DLI +/DLI +/-- new agents after allonew agents after allo--SCT forSCT for
patients with PR/VGPRpatients with PR/VGPR

According EBMT criteria: 5 year PFSAccording EBMT criteria: 5 year PFS

non CRnon CR
p=0.03

58%

35%
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FACSFACS--CRCR

DLI +/DLI +/-- new agents after allonew agents after allo--SCT forSCT for
patients with PR/VGPRpatients with PR/VGPR

According Flow cytometry (sensitivty: 10According Flow cytometry (sensitivty: 10--44 ))

74%

no FACSno FACS--CRCR

p=0.001

15%

mCRmCR

DLI +/DLI +/-- new agents after allonew agents after allo--SCT forSCT for
patients with PR/VGPRpatients with PR/VGPR

81%

According to molecular methods (sensitivity 10According to molecular methods (sensitivity 10--55 to 10to 10--66))

non mCRnon mCR p=0.001

38%

Kröger et al., Exp Hem 2009
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