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Recidiva precoce nel 
giovane con DLBCL : 

autologo o allogenico? 

U.O Ematologia 
Az.Osp.Card.G.Panico Tricase 



Prevalence of adult NHL 



DLBCL is not pathology but multitude of diseases 
 
 

2 distint COO = GC et ABC 
 
 

Various molecular pathway dysregulated 



Evolution in Heterogeneity discover in DLBCL  



DLBCL: Cell of Origin (COO) by Hans Model 

Christine P. Hans et al. Blood 2004 



Germinal center vs activated B cell DLBCL 

Rosenwald A et al. NEJM 2002 

Molecularly and Clinically distinct Subgroups 
by Gene Expression Profiling 



MYC/BCL2 Doube HIT 

Ø  Concurrent	
  transloca-ons	
  of	
  MYC	
  and	
  BCL2	
  

Ø  The	
  most	
  common	
  and	
  well-­‐studied	
  type	
  DHL	
  is	
  characterized	
  by	
  concurrent	
  

MYC	
  and	
  BCL2	
  rearrangements,	
  occurring	
  about	
  5%	
  of	
  all	
  DLBCL	
  

Ø  Regulators	
  of	
  cell	
  prolifera-on	
  and	
  apoptosis,	
  respec-vely	
  

Ø  MYC	
  and	
  BCL2	
  may	
  act	
  synergis-cally	
  to	
  drive	
  the	
  pathogenesis,	
  and	
  represent	
  

a	
  treatment-­‐refractory	
  subgroup	
  with	
  a	
  mOS	
  of	
  8	
  months	
  

Ø  Almost	
  all	
  arise	
  within	
  the	
  GCB	
  cell-­‐like	
  sutype	
  (discordance	
  between	
  clinical	
  

behavior	
  and	
  COO	
  subtypes)	
  



MYC/BCL2 DE 

Ø  Significantly	
  poorer	
  outcome	
  than	
  pa-ents	
  who	
  express	
  only	
  one	
  or	
  neither	
  

protein	
  

Ø  Accounts	
  for	
  18-­‐44%	
  of	
  DLBCL	
  cases	
  

Ø  5	
  ys	
  PFS	
  of	
  25%	
  following	
  R-­‐CHOP	
  

Ø  Unlike	
  MYC/BCL2	
  DHL,	
  DEL	
  is	
  more	
  common	
  in	
  ABC	
  subtype	
  and	
  may	
  largely	
  

contribute	
  to	
  inferior	
  survival	
  via	
  NF-­‐kB	
  pathway	
  





Front-line dose-escalated immunochemotherapy is associated with a significant PFS 
advantage in patients with double-hit lymphomas: a systematic review and meta-analysis 

Christina Howlett et al BJH 2015 

Meta-analysis: 11 studies examining 394 pts treated front-line with 
1. R-CHOP 2. R-HyperCVAD 3. R-CODOX-M/IVAC 4. R-EPOCH 

First line treatment with R-EPOCH significantly reduce 
the risk of progression compared to R-CHOP 



Ongoing clinical trials recruiting patients with double-hit lymphoma 



Younes et al, 2014 



Vitolo UF, et al. ASH 2016. Abstract 470. 











ASCT:cosa è migliorato ? 

•  Expertise 
•  Strategie di mobilizzazione 
•  Terapia di supporto 
•  Controllo delle infezioni 
•  Timing ( Pet driven ) 
 
•  Outcome !? 



HSCT results related to: 

19 

GOOD INDICATIONS 
OPTIMAL TIMING 

OPTIMAL MOBILIZATION PROCEDURES 
TYPE OF TRANSPLANT 

OPTIMAL CD34+ TARGET DOSE 



Is	
  there	
  an	
  op,mal	
  dose	
  of	
  CD34+	
  cells	
  to	
  
be	
  collected	
  (and	
  reinfused)?	
  

Ø The	
  current	
  minimal	
  threshold	
  CD34+	
  cell	
  dose	
  
to	
  be	
  infused	
  is	
  agreed	
  to	
  be	
  ≥	
  2-­‐2.5	
  million	
  CD34	
  

cells/kg	
  for	
  a	
  single	
  ASCT.	
  	
  
Ø However,	
  the	
  current	
  op-mal	
  dose	
  for	
  ideal	
  
platelet	
  recovery	
  is	
  considered	
  to	
  be	
  4–6	
  million	
  

CD34	
  cells/kg.	
  
Ø Reinfusion	
  of	
  high	
  doses	
  of	
  CD34+	
  cells	
  is	
  

associated	
  with:	
  

Ø 	
  long	
  term	
  stable	
  engra`ment	
  
Ø fast	
  platelet	
  and	
  neutrophil	
  engra`ment	
  	
  

Ø reduc-on	
  in	
  the	
  need	
  for	
  suppor-ve	
  measures,	
  
leading	
  to	
  a	
  significant	
  cost	
  sparing	
  	
  

Ø 	
  reduced	
  toxicity	
  and	
  increased	
  survival	
  rates	
  



Age= 57.5 ± 12  (17-74)‏ 
51.2% Male; 48.8% Female 
 

ITALIAN 
DATABASE  
24 CENTERS 

CENTERS 
Number of 

patients CENTERS Number of patients 

ANCONA 9 PESARO 3 
BARI 11 POTENZA 6 
BRESCIA 7 RAVENNA 2 
CATANIA 13 REGGIO CALABRIA 22 
CREMONA 10 RIMINI 5 
FERRARA 2 RIONERO IN VULTURE (PZ) 4 
FIRENZE (Careggi) 6 ROMA- LAZIO 13 
MELDOLA (FC) 4 ROZZANO (MI) 13 
MILANO (IEO) 31 SAN GIOVANNI ROTONDO 8 
MILANO (S.RAFFAELE) 8 TORINO 5 
NOVARA 6 TRICASE (Lecce) 15 

PAVIA 10 total patients 213 



COMPARATIVE EVALUATION OF MOBILIZATION IN STEADY-STATE VS 
CHEMOMOBILIZATION (CD34+ CELLS POST-PLERIXAFOR/Kg) and DISEASE 
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PRIOR USE of CHEMO- and RADIO-THERAPY 
REGIMENS and CD34+ CELLS/Kg POST-PLERIXAFOR 

56.3%	
  	
  
(18	
  pts)	
  

42.9%	
  	
  
(6	
  pts)	
  

61.9%	
  	
  
(13	
  pts)	
  

70.4%	
  	
  
(19	
  pts)	
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  N=	
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PROR USE of CHEMO- and  RADIO-THERAPY REGIMENS  and CD34+ CELLS 
POST-PLERIXAFOR/Kg 

0,0%
10,0%
20,0%
30,0%
40,0%
50,0%
60,0%
70,0%
80,0%

P
ri
o
r 

u
s
e
 o

f
R

E
V

L
IM

ID

P
ri
o
r 

u
s
e
 o

f
M

E
L
P

H
A

L
A

N
+

 B
C

N
U

P
ri
o
r 

u
s
e
 o

f
F

L
U

D
A

R
A

B
IN

E

P
ri
o
r 

u
s
e
 o

f
R

T

Prior Chemo- or Radio-therapy Regimens 

%
 o

f 
P

at
ie

n
ts

NO MOBIL o CD34+ post-mobil
< 2x10 6/kg
CD34+ post-mobil ≥2x10 6/kg



PLATELET COUNT PRE-MOBILIZATION and CD34+ CELLS 
POST-PLERIXAFOR  

PLT PRE-MOBILIZATION and CD34+ CELLS POST-PLERIXAFOR/Kg
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68.8%	
  	
  
(95	
  pts)	
  

40.5%	
  
	
  (17	
  pts)	
  

CD34	
  post-­‐
Plerixafor≥	
  20/
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31.2%	
  	
  
(43	
  pts)	
  

59.5%	
  	
  
(25	
  pts)	
  

CD34	
  post-­‐
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PLT	
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  >	
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PLT	
  pre-­‐Pler	
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N=	
  180	
  pts	
  
	
  	
  

Platelet	
  count	
  pre-­‐mob.	
  (median	
  ±	
  st.dv.)	
  =	
  	
  151.0	
  ±	
  88.2	
  x	
  10^3/microL	
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  pts)	
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  pts)	
  

CD34+	
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  N=	
  192	
  pts	
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DLBCL patients who recur post R-CHOP 21 do not well 

Gisselbrecht C, et al. JCO 2009 



Overall survival of patients with DLBCL refractory to 
second line therapy is very poor 

Elstrom, et al. Clin Lymph Myel Leuk 2010 



ü poor P.S. 
ü resistant disease  
ü limited bone marrow reserve 
ü doxorubicin cumulative dose 
≥ 300 mg/sm  
……are common 
findings in this setting 

OUTCOME AFTER ASCT FAILURE IN 
DLBCL 
 Kewalramani et al 
BMT, 2003 



CORAL TRIAL 

ASCT FOR DLBCL IN 1RST RELAPSE 

PRE-RITUXIMAB POST-RITUXIMAB 

Rituximab yes 



ASCT:OPEN QUESTIONS 

•  Mai in Front Line? 
 
•  Necessità di piattaforme x very High Risk ! 
 
•  Come integrare i nuovi farmaci ? 
 
•  Esiste un incrementato rischio infettivo Asct +nuovi 

farmaci ? 
 
 





Biol Blood Marrow Transplant 16:672-677, 2010 



Biol Blood Marrow Transplant 16:672-677, 2010 





New England Journal of Medicine 2013 



New England Journal of Medicine 2013 



MULTI-ISTITUTIONAL 
RETROSPECTIVE 
STUDY 
50 HIV+PLB pts 
(2000-2013) 

LINFOMA PLASMABLASTICO:PROGNOSI 



TRIANGLE  trial design 

Rituximab !



MA CON I NUOVI FARMACI 
TRAPIANTIAMO IL PAZIENTE  
MIGLIORE O PEGGIORE? 
 
O RISCHIAMO DI NON TRAPIANTARE? 



0.8	
   2.9	
  

5.8	
  

Blood 2016 
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Iden-ficazione	
  popolazioni	
  High	
  Risk	
  

●  Refractory	
  1st	
  line	
  e	
  Pet+	
  post	
  salvataggio	
  

●  Refractory	
  1°st	
  line	
  e	
  Pet+	
  post	
  ASCT	
  

●  Relapse<	
  6	
  mesi	
  

●  Refractory	
  1st	
  line	
  ma	
  sensibili	
  (Pet-­‐)	
  post	
  
salvataggio	
  

●  IPI	
  MIPI	
  Bulky	
  Ki67	
  

●  Istologia	
  (Double	
  HIT	
  ,	
  Non	
  germinal	
  
center,blastoid	
  for	
  MCL.	
  

●  Molecular	
  pahern	
  P53	
  ,	
  Notch	
  11.	
  









Centri di Ematologia e Trapianto dell’Italia Meridionale (CETIM) 
 

A PHASE II STUDY OF  
CHEMOTHERAPY, MOZOBIL AND G-CSF AS 

MOBILIZING THERAPY  
FOR DOUBLE AUTOLOGOUS TRANSPLANTATION 

(ASCT)  
IN PATIENTS WITH RELAPSED OR REFRACTORY 

DIFFUSE LARGE B CELL NON HODGKIN LYMPHOMA 
(DLBCL), PET POSITIVE AFTER TWO R-DHAP 

 
CETIM PROTOCOL 00109 

VERSION2 
Dr. V. Pavone 

 

Trani, Hotel San Paolo al Convento –24 gennaio 2014 

PIA FONDAZIONE DI CULTO E RELIGIONE CARD. G. PANICO 
A   z   i   e   n   d   a        O   s   p   e   d   a   l   i   e   r   a 

  
U. O. DI EMATOLOGIA E TRAPIANTO DI  CELLULE STAMINALI EMOPOIETICHE 

Direttore  Dottor  VINCENZO PAVONE 



IL PROTOCOLLO:  Flow Chart 

Inserire testo 



 Effect of mobilization regimen on autologous graft content   
Parameter   G-CSF alone  CT+G-CSF    G-CSF+plerixafor 

  
Clonogenic     More LTC-IC than G-CSF  

 More LTC-IC than G-CSF 
CD34+     More than G-CSF  More that G-CSF 
CD34+CD33-    More than G-CSF  
CD34+CD38-  More than CT+G-CSF      More than CT+G-
CSF   
Lymphocytes  More than with CT+G-CSF     More than G-CSF 
alone 
CD3+       

 More than G-CSF alone 
CD4+       

 More than G-CSF alone 
CD8+       

 More than G-CSF alone   
NK cells       

 More than G-CSF alone   
DCs   More than with CT+G-CSF    More than G-CSF 
alone   
CD34+CD45RA+       More with plerixafor 
than G-CSF   

…the number of CD34+ cells collected 

remains the most important parameter 

for efficient blood stem-cell mobilization 

and collection in clinical practice and 

for engraftment (neutrophils and 

platelet recovery) 47 



Porrata  et al. (2011) J Stem Cell Res Ther 2:103.  

Overall Survival Progression Free Survival 
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Time (years) Time (years) 

The median follow-up for the whole cohort  (256 pts) was 2.8 years and 5.6 
years for the living patients. 

The ALC-15 will be a major predictive 
factor even in DLCBL 

72% 

28% 

66% 

24% 



Table	
  2	
  .	
  Mobiliza,on	
  and	
  collec,on	
  data	
   Mean (range) 

 Total number of patients 30 

Time to collection*  13 (12-17) 

Plerixafor administration number#  2,4 (1-4) 

Apheresis days 1,2 (1-2) 

CD34/uL pre-apheresis$  74,4 (19,1-176,2) 

WBCx10e6/mL pre-apheresis$  2,9 (1,1-6,4) 

PLTx10e6/mL pre-apheresis$  23,7 (15,0-35,3) 

CD34x10e6/kg yield 11,5 (3,6-24,7) 

* Data available for N = 17 patients 
# Data available for N = 18 patients 
$ Data available for N = 10 patients 
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Allogenic	
  Transplanta-on	
  for	
  recurrent	
  or	
  
refractory:	
  alterna-ve	
  to	
  ASCT	
  ?	
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ASCT	
  vs	
  ALLO	
  in	
  nHL	
  



o  Advance	
  in	
  Lymphoma	
  classifica-on	
  

o  Diagnos-c	
  methods	
  

o  PET	
  scan	
  

o  New	
  prognos-c	
  features	
  

o  Advance	
  in	
  technology	
  

o  HLA	
  typing	
  

o  Advance	
  in	
  exper-ce	
  

o  Advance	
  in	
  suppor-ve	
  semng	
  

o  New	
  condi-oning(	
  rituximab-­‐RIT-­‐Beam	
  )	
  	
  	
  	
  

Role	
  of	
  Allo	
  in	
  Nhl:	
  to	
  be	
  redefined	
  	
  



o  Pa-ents	
  characteris-cs	
  

o  Risk	
  factors	
  	
  (lymphoma	
  and	
  pa-ent	
  related	
  )	
  

o  Time	
  to	
  transplant	
  

o  IPI	
  at	
  transplant	
  

o  Chemiosensi-vity	
  

o  Hystologic	
  subtypes	
  (T	
  cell-­‐NK)	
  

Outcome	
  of	
  Allo	
  in	
  	
  nHL	
  :	
  depends	
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Survival	
  a`er	
  HLA-­‐matched	
  Sibling	
  	
  
Allotransplants	
  for	
  DLCL	
  

by	
  Disease	
  Status	
  and	
  Condi-oning	
  Regimen	
  	
  

1998-­‐2007	
  (CIBMTR)	
  	
  	
  	
  	
  	
  	
  ASH	
  2010	
  Ed.	
  Session	
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Fludarabine 30 mg/mq 
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antigen-mismatched sibling donor. A total of 44 of the 170
patients were updated in terms of clinical and molecular follow-
up from two previously published studies in which patients
followed the same treatment plan.11,12 A group of 126 patients
were enrolled in a prospective phase II trial that started in March
2001 with a closing date for analysis of September 2006. Patient
data were pooled and analyzed together. Inclusion criteria were
as follows: (1) chronic lymphocytic leukemia (CLL) or small
lymphocytic lymphoma (SLL) relapsing after at least two lines of
conventional chemotherapy or within 1 year after a purine
analogue-based regimen or after high-dose chemotherapy; (2)
follicular lymphomas (FL) relapsing after two lines of conven-
tional or high-dose chemotherapy; (3) mantle cell lymphomas
(MCL) relapsing after conventional or high-dose chemotherapy;
(4) diffuse large B-cell lymphomas (DLBCL) or transformed FL
relapsing after two lines of conventional chemotherapy or high-
dose chemotherapy; (5) HD relapsed after autologous trans-
plantation; (6) relapsed T-cell lymphomas; (7) refractory disease
for all histologies; (8) age X45 and o70 years, and age below
45 years was allowed in cases of comorbidities (cardiac ejection
fraction o45%; carbon monoxide diffusion capacity o50%;
abnormal liver function or positive hepatitis tests) or heavy
pretreatment (previously failed autologous transplant).
Approval was obtained from the Ethics Committee, and all

patients gave their written informed consent. Patient and disease
characteristics are summarized in Table 1. Median age was 51
years (range, 20–69). Sixty-three patients had indolent lympho-
mas (LG-NHL) (FL, n¼ 27; CLL/SLL, n¼ 32; lymphoplasma-
cytoid, n¼ 2; mucosa-associated lymphoid tissue lymphoma,
n¼ 2), 61 had aggressive lymphomas (HG-NHL) (DLBCL,
n¼ 31; peripheral T-cell lymphomas (PTCL) n¼ 21, and
lymphoblastic n¼ 2; transformed LG-NHL n¼ 7); 32 had HD;
and 14 had MCL. Only 43 patients (25%) were in complete
remission (CR) before transplantation.

Conditioning regimen, stem cell collection and DLI
All patients received a RIC regimen consisting of thiotepa
(10mg/kg), cyclophosphamide (60mg/kg) and fludarabine
(60mg/ms) followed by transplantation on day 0.12 Granulo-
cyte-colony stimulating factor (G-CSF) mobilized peripheral
blood hematopoietic stem cells (PBSC) were used for 138
patients (81%) and marrow cells for 32 patients (19%). Median
CD34þ cell doses were 5.8# 106 and 3# 106/kg for peripheral
blood and marrow, respectively. Graft-versus-host disease
(GVHD) prophylaxis consisted of cyclosporine A (CSA),
adjusted to maintain blood levels of 200–300 ng/ml, and a short
course of methotrexate (10mg/ms day þ 1, 8mg/ms days þ 3
and þ 6). Three patients with one mismatched antigen also
received 7.5mg/ms alemtuzumab on day $1. CSA was
administered at the full dose through day þ 100 and, if GVHD
did not occur, the dose was tapered by 10% every week
thereafter.
Acute GVHD was classified according to Glucksberg et al.13

criteria, and chronic GVHD was classified as limited or
extensive following the Shulman et al.14 criteria. All engrafting
patients were considered evaluable for acute GVHD while 158
patients (93%) surviving more than 100 days were considered
evaluable for chronic GVHD.
Lenogastrim at 5mg/kg per day was administered subcuta-

neously from day þ 7 until the neutrophil count was at least
1000/ml for 3 consecutive days.
Patients showing signs of progressive disease or relapse

received rapidly tapered CSA and were considered eligible for
DLIs. An escalated regimen was used for most patients, starting

with 1# 106/kg CD3þ cells with a dose escalation every
6 weeks in the absence of GVHD.

Disease evaluation and molecular monitoring
Clinical response was evaluated according to the criteria
reported by Cheson et al.15 Chimerism in peripheral blood
was assessed as described previously.12 MRD was monitored
in FL and CLL patients in CR after allogeneic SCT. Samples
from diagnostic bone marrow aspirates were taken before and
after SCT. Bcl-2 or immunoglobulin heavy chain gene rearran-
gements (IgH) were used as tumor markers. MRD was evaluated

Table 1 Patient characteristics

N

Total patients 170
Men/women 105/65
Median age 51 (20–69)
Median time from diagnosis to

transplantation
36 months (6–250)

Type of disease
Indolent 63 37%
FL 27
CLL/SLL 32
Lymphoplasmocytoid and MALT 4

Aggressive 61 36%
B lineage 31
T lineage 23
Transformed 7

MCL 14 8%
HD 32 19%

Disease status at transplantation
CR 43 25%
Indolent 15
Aggressive 20
MCL 1
HD 7

PR 76 45%
Indolent 29
Aggressive 27
MCL 7
HD 13

Refractory 49 29%
Indolent 19
Aggressive 14
MCL 6
HD 10

Untested 2 1%*

Previous autograft
Total 84 49%
Indolent 18
Aggressive 34
MCL 7
HD 25

No of previous CT lines
Median 3 (1–6)
p2 76 45%
42 94 55%

Abbreviations: CLL/SLL, chronic lymphocytic leukemia/small lympho-
cytic lymphoma; CR, complete remission; FL, follicular cell lympho-
mas; HD, Hodgkin’s disease; MALT, mucosa-associated lymphoid
tissue lymphoma; MCL, mantle cell lymphoma.
*These two patients had a diagnosis of HD.
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by PCR on bone marrow DNA as described previously.16

This assay provided a sensitivity of one tumor cell in 105–106

normal cells.

Study end points and statistical analysis
The primary end point was NRM. Sample size was calculated to
obtain a reduction of NRM from 40 (historical data from the
Italian bone marrow transplant registry (GITMO)) to 20% at 1
year. The secondary end points were: overall survival (OS),
progression-free survival (PFS, defined as progression of the
disease or death regardless of cause), incidence of relapse,
incidence of acute and chronic GVHD and engraftment. Details
about statistical analysis17–20 were given in the Supplementary
Informations.

Results

Engraftment and chimerism
The median times to neutrophil (40.5! 109/l) and platelet
(420! 109/l) recovery were 13 (range, 9–26) and 14 days
(range, 9–107), respectively. There was a significant difference
between PBSC and marrow recipients in terms of neutrophil
recovery (median: 13 versus 16 days; P¼ 0.006, Kolmogorov–
Smirnov test) and in platelet recovery (median: 13 versus 16
days; P¼ 0.006).

Chimerism studies were evaluated in 153 patients (90%) and
were not performed in 17 patients (n¼ 6 early death; n¼ 11 not
performed). In patients achieving full donor chimerism in the
first 6 months after SCT, this analysis was no longer evaluated. In

the first 20 patients, we evaluated lineage-specific chimerism
(T and myeloid cells): the majority (90%) were full donor in both
hematopoietic lineages. In the following patients (n¼ 133), we
assessed chimerism in peripheral blood only. Of the 133
patients tested at 1–3 months after transplantation, 109 (82%)
had full donor hematopoiesis (495% donor cells) and 24 (18%)
were mixed chimeras. On subsequent chimerism analysis at 6
months after allograft, 17 of 24 had converted to full donor
chimerism. At final follow-up, four of seven patients with mixed
chimerism at 6 months had evolved to full donor chimerism
(only one after DLI), and three had died with mixed chimerism
(n¼ 2 disease, n¼ 1 infection).

Non-relapse mortality
Twenty-two patients died of transplant-related causes between 1
and 23 months after transplantation. The most common cause of
death was infection (n¼ 12), which was concurrent to active
GVHD in nine patients. Other causes were GVHD (five acute
and two chronic), multiple organ failure (n¼ 2), and an invasive
diagnostic procedure (n¼ 1).

The 100-day NRM cumulative incidence was 5% (95% CI,
3–10%). The NRM cumulative incidence was 11% (7–18%) and
14% (9–21%) at 1 and 3 years, respectively (Figure 1). The low
number of events prevented us from performing a reliable
multivariate analysis of this end point. On univariate analysis,
older age and acute GVHD were significantly associated with
NRM (Table 2). The 3-year NRM incidence was 14% (7–28%),
15% (8–27%), 32% (13–75%) and 3% (0.4–22%) for LG-NHL,
HG-NHL, MCL and HD, respectively (P¼ 0.091).
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Figure 1 (a) Overall cumulative incidence curves of relapse and NRM. (b) Kaplan–Meier plots of estimated overall and PFS in the whole
population. (c and d) Cumulative incidence curves of relapse in different lymphoma subtypes according to disease status before allogeneic
transplantation. The 3-year cumulative incidence of relapse was 32% for indolent, 24% for aggressive and 72% for HD in patients with
chemosensitive disease who underwent transplantation. The 3-year cumulative incidence of relapse was 27% for indolent, 68% for aggressive and
91% for HD in patients with refractory disease who underwent transplantation. HD, Hodgkin’s disease; NRM, non-relapse mortality; PFS,
progression-free survival.
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by PCR on bone marrow DNA as described previously.16

This assay provided a sensitivity of one tumor cell in 105–106

normal cells.

Study end points and statistical analysis
The primary end point was NRM. Sample size was calculated to
obtain a reduction of NRM from 40 (historical data from the
Italian bone marrow transplant registry (GITMO)) to 20% at 1
year. The secondary end points were: overall survival (OS),
progression-free survival (PFS, defined as progression of the
disease or death regardless of cause), incidence of relapse,
incidence of acute and chronic GVHD and engraftment. Details
about statistical analysis17–20 were given in the Supplementary
Informations.

Results

Engraftment and chimerism
The median times to neutrophil (40.5! 109/l) and platelet
(420! 109/l) recovery were 13 (range, 9–26) and 14 days
(range, 9–107), respectively. There was a significant difference
between PBSC and marrow recipients in terms of neutrophil
recovery (median: 13 versus 16 days; P¼ 0.006, Kolmogorov–
Smirnov test) and in platelet recovery (median: 13 versus 16
days; P¼ 0.006).

Chimerism studies were evaluated in 153 patients (90%) and
were not performed in 17 patients (n¼ 6 early death; n¼ 11 not
performed). In patients achieving full donor chimerism in the
first 6 months after SCT, this analysis was no longer evaluated. In

the first 20 patients, we evaluated lineage-specific chimerism
(T and myeloid cells): the majority (90%) were full donor in both
hematopoietic lineages. In the following patients (n¼ 133), we
assessed chimerism in peripheral blood only. Of the 133
patients tested at 1–3 months after transplantation, 109 (82%)
had full donor hematopoiesis (495% donor cells) and 24 (18%)
were mixed chimeras. On subsequent chimerism analysis at 6
months after allograft, 17 of 24 had converted to full donor
chimerism. At final follow-up, four of seven patients with mixed
chimerism at 6 months had evolved to full donor chimerism
(only one after DLI), and three had died with mixed chimerism
(n¼ 2 disease, n¼ 1 infection).

Non-relapse mortality
Twenty-two patients died of transplant-related causes between 1
and 23 months after transplantation. The most common cause of
death was infection (n¼ 12), which was concurrent to active
GVHD in nine patients. Other causes were GVHD (five acute
and two chronic), multiple organ failure (n¼ 2), and an invasive
diagnostic procedure (n¼ 1).

The 100-day NRM cumulative incidence was 5% (95% CI,
3–10%). The NRM cumulative incidence was 11% (7–18%) and
14% (9–21%) at 1 and 3 years, respectively (Figure 1). The low
number of events prevented us from performing a reliable
multivariate analysis of this end point. On univariate analysis,
older age and acute GVHD were significantly associated with
NRM (Table 2). The 3-year NRM incidence was 14% (7–28%),
15% (8–27%), 32% (13–75%) and 3% (0.4–22%) for LG-NHL,
HG-NHL, MCL and HD, respectively (P¼ 0.091).
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Figure 1 (a) Overall cumulative incidence curves of relapse and NRM. (b) Kaplan–Meier plots of estimated overall and PFS in the whole
population. (c and d) Cumulative incidence curves of relapse in different lymphoma subtypes according to disease status before allogeneic
transplantation. The 3-year cumulative incidence of relapse was 32% for indolent, 24% for aggressive and 72% for HD in patients with
chemosensitive disease who underwent transplantation. The 3-year cumulative incidence of relapse was 27% for indolent, 68% for aggressive and
91% for HD in patients with refractory disease who underwent transplantation. HD, Hodgkin’s disease; NRM, non-relapse mortality; PFS,
progression-free survival.
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