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One and Half Million Hematopoietic Stem Cell Transplants (HSCT). 
Dissemination, Trends and Potential to Improve Activity By 

Telemedicine from the Worldwide Network for Blood and Marrow 
Transplantation (WBMT)

are provided in the Supplementary Figures section. Supple-
mentary Figure 1a shows allogeneic transplant rates per
country for all indications. Whereas the map depicting allo-
geneic HCT reflects income class of countries, wealthier
countries usually having higher rates than middle-income
countries, transplant rates for marrow failure look somewhat
different. The countries with the highest reported rates for
marrow failure transplants include Lithuania, Norway, Ire-
land, Turkey, and Israel.

Cell therapy

Table 3 shows cell therapies performed in EBMT centers in
2017. There were 2825 patients receiving DLIs, which is a

slight decrease of 1.9% since 2016 where 2879 DLIs were
reported. The majority of DLIs were given for relapse
(1284) and graft enhancement (661). Other reasons being
for residual disease (422) and “per protocol” (458). A total
of 1202 patients received other forms of cell therapy, most
commonly mesenchymal stromal cells (n= 557; 91% allo-
geneic), mainly to treat GvH disease (GvHD). Expanded/
selected T lymphocytes (n= 179; 100% allogeneic) and
genetically modified T cells (n= 151; 50% allogeneic) were
the second most frequently reported cell therapy. The area
with the highest growth is genetically modified T cells. The
main indications for cell therapies (excluding DLI) being
GvHD or graft enhancement (n= 688; 95% allogeneic),
malignancy (n= 253; 50% allogeneic), infections (n= 124;
100% allogeneic), AID (n= 61; 43% allogeneic), and
genetic disease (n= 14; 7% allogeneic). The number of cell
therapies have increased by 27.6% since 2015, when they
were first introduced into the survey (2015, HCT= 942;
and 2017, HCT= 1202) [24, 25].

Discussion

The EBMT activity survey has been conducted annually
since 1990 [7]. The 2010 survey reported for the first time
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Fig. 3 Changes in donor choice and stem cell source for bone marrow
failure in Europe 1990–2017. a Donor choice. b Human leukocyte
antigen identical sibling hematopoietic cell transplantation (HCT) by

bone marrow (BM) or peripheral blood (PB). c Unrelated HCT by BM
or PB. d Haploidentical HCT by BM or PB

Table 2 BMF data by center in 2017

HCT, N Teams, N Median and range

Sibling 363 168 1 (1–20)

Unrelated 317 163 1 (1–8)

Haploidentical 108 64 1 (1–9)

Cord blood 14 14 1 (1)

Total 802

BMF bone marrow failure, HCT hematopoietic cell transplantation

1582 J. R. Passweg et al.

 Changes in donor choice and stem cell source for bone marrow failure in 
Europe 1990–2017
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Transplant centres and search coordinators within 
donor registries have access to the Search & 
Match Service of WMDA (https://search.wmda.
info/login), where they can register patient data 
and get a match list to see if there is a potential 
stem cell source in the global database.

When the transplant centre identifies a poten-
tially matched stem cell source, the national reg-
istry will contact the relevant organisation and 
facilitate the delivery of stem cells for the patient. 
Annually, more than 20,000 stem cell products of 
different sources are shipped within and across 

borders to patients in need of a HSCT (see 
Fig. 3.2).

3.2  Current Landscape

3.2.1  Ethnic Diversity and Chance 
to Find a Donor

As of January 2018, more than 32 million poten-
tial AUDs and CBUs are listed in the global 
Search & Match Service of WMDA. Almost 95% 

Fig. 3.1 Volunteer donors and cord blood units recruited around the wold (data from WMDA web page)
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Table 2:

NUMBERS OF CELL THERAPIES IN EUROPE 2017 BY INDICATION, DONOR TYPE AND CELL SOURCE.

Figure 1: 

RELATIVE PROPORTION OF DISEASE INDICATIONS FOR HCT IN EUROPE 2017.

Abbreviations: 

HCT; hematopoietic stem cell transplant, AML; acute myeloid leukemia, ALL; acute lymphoblastic leukemia, CML; chronic myeloid leukemia, MDS 
or MD/MPN overlap; myelodysplastic or myelodysplastic/myeloproliferative neoplasm, MPN; myeloproliferative neoplasm, CLL; chronic lymphocytic 
leukemia, PCD; plasma cell disorders, MM; multiple myeloma, HL; Hodgkin lymphoma, NHL; Non-Hodgkin lymphoma, SAA; severe aplastic anemia.  
CR1; 1st. complete remission, DLI; donor lymphocyte infusion, MSC; mesenchymal stromal cells.

Fig 1a:  RELATIVE PROPORTION OF ALLOGENEIC HCT  Fig 1b:  RELATIVE PROPORTION OF AUTOLOGOUS HCT
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EBMT ACTIVITY SURVEY 2017

HSCT in Europe 2017Activity Survey 2017
Patient and Transplant Numbers
Teams : 683 Participating countries: 50

Allogeneic Autologous Total
1st. allo / 1st. auto HSCT 17 155 23 945 41 100
Re/Additional transplants 1 126 3 192 4 318
Total HSCT 18 281 27 137 45 418
Myeloablative HSCT 61%

Main Indications 1st. HSCT
Myeloid malignancies 9 772 375 10 147
Lymphoid malignancies 5 015 21 473 26 488
Solid tumours 36 1 571 1 607
Bone marrow failure 802 1 803
Other non-malignant disorders 1 371 493 1 864
Other 159 32 191

Myeloid malignancies
AML 1st. CR 3 753 293 4 046

not 1st. CR     1 950 59 2 009
AML therapy related 277 2 279
AML from MDS/MPN 696 6 702
CML 1st. cP 136 0 136

not 1st. cP 199 0 199
MDS or MD/MPN, MPN 2 761 15 2 776

Lymphoid neoplasia
ALL  1st. CR 1 652 82 1 734

not 1st. CR 1 029 8 1 037
CLL 230 9 239
Plasma cell disorders 385 12 692 13 077
Hodgkin lymphoma 444 2 152 2 596
Non-Hodgkin lymphoma 1 275 6 530 7 805

Solid tumours
Neuroblastoma 26 537 563
Soft tissue sarcoma/Ewing 8 229 237
Germ cell tumour 0 372 372
Breast cancer 0 13 13
Other solid tumour 2 420 422

Non malignant disorders
Bone marrow failure - SAA 583 1 584
Bone marrow failure - other 219 0 219
Thalassemia 420 6 426
Sickle cell disease 215 1 216
Primary immune deficiency 554 13 567
Inherited disorder of metabolism 159 10 169
Auto immune disorder 23 463 486
Others 159 32 191

Other trends in 2017
• Number of HSCT continue to increase:  > 45, 400 HSCT
• Continued increase in haplo-identical HSCT: 13%
• Continued decrease in cord blood HSCT: 16%
• Continued increase in cellular therapies: 28% since 2015

Paediatric patients
Family Unrelated Autologous

HLA-id/twin Haplo-id Other relative
BM PB CB BM PB BM PB CB BM PB CB BM PB CB
930 283 31 183 471 89 89 2 893 588 166 80 1 249 2

2 078 1 647 1 331
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Proportion of autologous HSCT over time
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Myeloid disorders 1.6 4.5 9.2
ALL/CLL 0.4 1.3 3.8
PCD 53.0 42.0 18.3
HL 9.0 11.8 8.7
NHL 27.3 29.9 25.1
Pediatric solid tumors 3.2 4.2 5.2
Germ cell tumors 1.6 1.9 4.3
Breast cancer 0.1 0.6 21.5
Other solid tumors 1.8 2.5 3.0
NMD 0.1 0.1 0
AID 1.9 1.0 0.2
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Figure 1:shows the distribution of disease indications for allogeneic (a) and autologous (b)
HSCT. For comparative analyses, the 2017 data (100%) are juxtaposed to the analogous data
from the years 2007 and 1997.
Allo HSCT: has increased 3.6-fold from 4,751 to 17,155 over 20 years. CML has declined
from 25.3% to 2%, AML, MDS and MPN have increased. ALL has decreased slightly while
other lymphoid malignancies have increased.
Auto HSCT: has increased 2-fold from 12,199 to 23,945 over 20 years. Myeloma is the
dominant indication increasing from 18% to 53%. HL and NHL have remained stable. AML has
decreased from 13% to 1.72%. Solid tumour HSCT has decreased, predominantly in breast
cancer.

Since 2016:
increase seen in sickle cell 
disease by 57%, thalassemia by 
28% and IHD by 6%.

BMF decreased by 10.3%.

Figure 2: Allogeneic HSCT for non-malignant disorders in Europe 1990-2017
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Figure 1:shows the distribution of disease indications for allogeneic (a) and autologous (b)
HSCT. For comparative analyses, the 2017 data (100%) are juxtaposed to the analogous data
from the years 2007 and 1997.
Allo HSCT: has increased 3.6-fold from 4,751 to 17,155 over 20 years. CML has declined
from 25.3% to 2%, AML, MDS and MPN have increased. ALL has decreased slightly while
other lymphoid malignancies have increased.
Auto HSCT: has increased 2-fold from 12,199 to 23,945 over 20 years. Myeloma is the
dominant indication increasing from 18% to 53%. HL and NHL have remained stable. AML has
decreased from 13% to 1.72%. Solid tumour HSCT has decreased, predominantly in breast
cancer.

Since 2016:
increase seen in sickle cell 
disease by 57%, thalassemia by 
28% and IHD by 6%.

BMF decreased by 10.3%.

Figure 2: Allogeneic HSCT for non-malignant disorders in Europe 1990-2017
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flow cytometry or quantitative PCR for specific 
molecular markers, may further improve AML 
risk classifications. MRD may be detected at time 
points early after induction treatment to assess the 
remission status of the AML but also after PRT to 
detect imminent relapse. Consequently, MRD neg-
ativity was introduced as an endpoint in patients 
with a hematological CR (Dohner et al. 2017).

69.1.4.2  Transplant Risk Categories
The risk-adapted approach of patients with AML 
in first CR should also include the assessment of 
TRM for each individual patient. TRM may be 
attributed to GVHD, infectious complications, 
organ toxicity, and other causes (Gooley et  al. 
2010). A number of parameters may relate to 
allo-HSCT-related TRM, including the procedure 
(e.g., conditioning regimen, application of TCD), 
donor characteristics (e.g., HLA-matching), and 

recipient features (e.g., age and comorbidity). 
The risk of mortality may be quantified by com-
posite risk scores, which have been established to 
predict for TRM and overall outcome.

Two generally approved transplant risks were 
developed and validated, including the EBMT 
risk score (Gratwohl et al. 1998) and the hema-
topoietic cell transplantation-comorbidity index 
(HCT-CI) (Sorror et  al. 2005). The EBMT risk 
score is based on patient and transplantation 
characteristics, which was developed in CML 
patients and subsequently validated in other 
patient groups including AML (Gratwohl et  al. 
2009). The HCT-CI originated from the Charlson 
comorbidity index and consists of 17 comor-
bidities which contribute to a cumulative score 
(Sorror et al. 2005). The HCT-CI was extensively 
validated and has been continuously being refined 
including age, disease status, or biomarkers 

Table 69.1 Risk-adapted post-remission treatment for patients with AML in first CRa

AML risk classificationb MRD statusc
Preferred post- remission 
treatment

Favorable
t(8;21)(q22;q22.1); RUNX1-RUNX1T1 Negative Chemotherapy/auto-HSCT
inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11
Mutated NPM1 without FLT3-ITD or with FLT3-ITDlow Positive Allo-HSCTd, (unless excessive 

TRM can be predicted)Biallelic mutated CEBPA

Intermediate
Mutated NPM1 and FLT3-ITDhigh Negative Allo-HSCTd  

(if acceptable risk of TRM; 
alternative, chemo/auto-HSCT)

Wild-type NPM1 without FLT3-ITD or with FLT3-ITDlow  
(without adverse risk genetic lesions)
t(9;11)(p21.3;q23.3); MLLT3-KMT2A Positive Allo-HSCTe

Cytogenetic abnormalities not classified as favorable or adverse

Adverse
t(6;9)(p23;q34.1); DEK-NUP214 Negative Allo-HSCTe

t(v;11q23.3); KMT2A rearranged
t(9;22)(q34.1;q11.2); BCR-ABL1 Positive Allo-HSCTe

inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2); GATA2, MECOM(EVI1)
−5 or del(5q); −7; −17/abn(17p)
Complex karyotype, monosomal karyotype
Wild-type NPM1 and FLT3-ITDhigh

Mutated RUNX1
Mutated ASXL1
Mutated TP53

aAdapted from Cornelissen et al. 2012a, b), Table 4
bAdapted from Dohner et al. (2017), Table 5
cDetected with multiparametric flow cytometry or with for qPCR specific markers
dAllo-HSCT using HLA-identical sibling or 10/10 MUD donors
eAllo-HSCT using HLA-identical sibling, MUD, umbilical cord blood, or haploidentical donors

69 Acute Myeloid Leukemia in Adults



Allogeneic Stem Cell Transplant for Acute Myeloid Leukemia: Evolution of an Effective Strategy in India
Journal of Global Oncology . 773 Volume 3, Issue 6, December 2017

the data regarding allo-SCT in CR1 have been
generated in the clinical trial setting and come
from developed countries. The relevance of these
observations inadevelopingcountry, suchas India,
with a different set of challenges has never been
validated.

The median age of diagnosis of AML in our
population is 40 years (range, 1 to 79 years).12

In the current study, 70.5% of patients were
age , 40 years at the time of allo-SCT. It is well
recognized that the outcome after undergoing
allo-SCT is superior in young adults compared
with the elderly.3 Deferring allo-SCT to CR2 is not
ideal. In a previously reported study of patients
with AML who were enrolled in MRC AML 10,
AML 12, and AML 15 trials, 1,271 of 3,919

patients experienced relapse after achieving
CR1 (without allo-SCT). Of these, 45% could
not achieve CR2, and of 642 patients who
achieved CR2, only 433 underwent allo-SCT.4

The counterargument against this would be the
relatively high TRM with allo-SCT; however,
steady improvements in supportive care and
RIC regimens have steadily reduced the TRM.
In a study published that compared transplant
outcomes in patients with allo-SCT from 1993 to
1997 and 2003 to 2007, it was noted that there
was a 52% decrease in the hazard of death not
preceded by relapse, and overall mortality was
reduced by 41%.10 In our study, we have shown
improved outcomes in patients who underwent
allo-SCT in CR1, and we have also shown that
RIC with Flu/Mel had significantly better out-
comes compared with MAC with Bu/Cy in pa-
tients in CR1 allo-SCT.

In various studies that include a phase III ran-
domized control trial comparing RIC with MAC,
results showed no significant difference in non-
relapse mortality, incidence of relapse, disease-
free survival, or OS.23-25 However, a prospective
multicenter study conducted by CIBMTR (BMT-
CTN 0901) was recently closed prematurely as a
result of the high incidence of relapse in the RIC
regimen arm.26 A major limitation of this study
was that different RIC regimens were allowed in
this study, and of the regimens used, a RIC
regimen with busulfan was used in the majority,
whereas a Flu/Mel regimenwas used in,20%of
patients in this study. It has been previously
reported that among RIC regimens, the Flu/Mel
regimen had a significantly lower risk of relapse
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Fig 1. (A) Overall
survival (OS) and (B) event-
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total cohort (N = 254).

Fig 2. Overall survival
(OS) of all patients with
acute myeloid leukemia
(AML) per disease status at
transplantation. CR1, first
complete remission; CR2,
second complete
remission; CR3, third
complete remission.
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Ciurea SO, Zhang MJ, Bacigalupo AA, et al. Haploidentical transplant with posttransplant cyclophosphamide vs matched unrelated donor transplant for acute myeloid leukemia. 
Blood. 2015;126:1033–40. 

differences in transplant-related mortality or grade 2-4 acute GVHD
risks after haploidentical and unrelated donor transplantation.

Discussion

Allogeneic stem cell transplantation is a lifesaving procedure for
many patients with hematologic malignancies and, through the use
of HLA-matched and mismatched related/unrelated donors and
umbilical cord blood, this treatment is now theoretically available to
virtually all patients in need of transplantation. Although there are
several reports that have shown comparable survival after HLA-
matched adult unrelated donor andHLA-mismatched umbilical cord
blood transplantation,29-32 there are few reports that compare out-
comes after haploidentical transplantation to that after HLA-matched
unrelated donor transplantation,19-21 the accepted standard when an
HLA-matched sibling is lacking. Therefore, the primary objective
of this analysis was to compare survival and other transplantation
outcomes after haploidentical donor transplantation that used the
posttransplant cyclophosphamide approach, the most widely adopted
practice in the United States. In the absence of a randomized trial,
we used data collected by a large observational registry to compare
outcomes by donor type, adjusting for patient and disease character-
istics associated with transplantation outcomes. The data confirm that
in both the myeloablative and reduced intensity setting, OS after
haploidentical donor transplantationwas comparable to that afterHLA-
matched unrelated donor transplantation for AML. Survival after
transplantation was adjusted for age and disease risk index, factors
associated with survival and independent of donor type. We used
disease risk index, a validated tool that incorporates disease status at
transplantation and cytogenetic risk as a composite end point.28 Our
observations were confirmed by adjusting for disease status and
cytogenetic risk separately (data not shown). Recipients of reduced
intensity haploidentical transplants received a uniform conditioning
regimen (low dose TBI with cyclophosphamide and fludarabine). In
this setting, we observed lower nonrelapse mortality risks compared
with the more intensive regimen of an alkylating agent with
fludarabine for HLA-matched unrelated donor transplants. How-
ever, any advantage derived from lower mortality risks with the very
low intensity regimen for haploidentical transplantation was negated
byhigher relapse risks in thisgroup. In themyeloablative setting, aneffect
of donor type on nonrelapse mortality or relapse risks was not seen.

Acute and chronic GVHDwere substantially lower after haploident-
ical transplantation. Consequently, chronicGVHD-free/leukemia-free
survival was higher after myeloablative haploidentical transplantation.

The lower chronic GVHD-free/leukemia-free survival after HLA-
matched unrelated donor transplantation is in part explained by the
use of peripheral blood grafts. The observed difference in GVHD
rates may be attributed to several factors. First, the predominant graft
used for haploidentical transplantation was BM and for unrelated
donor transplantation, peripheral blood, which is associated with
higher GVHD rates relative to BM in the setting of HLA-matched
sibling and unrelated donor transplantations. Second, GVHD pro-
phylaxis for haploidentical transplantation included posttransplant
cyclophosphamide, a strategy associated with low GVHD rates.
Whether the observed low rate of GVHD in the current analyses was
solely explained by donor source or use of posttransplant cyclophos-
phamide or the combination of both cannot be determined by this
analysis. The BMT CTN has an on-going study (BMT CTN 1301,
NCT02345850) that randomizes recipients of HLA-matched related
and unrelated donor transplantation to 3 specified interventions, one
of which is the transplantation of BM followed by posttransplant
cyclophosphamide and a second is the use of BM with conventional
CNI-based prophylaxis. Upon completion of this trial, we may better
understand the effects of the posttransplant cyclophosphamide ap-
proach forGVHDprophylaxis relative to the standard approach, which
is CNI-based prophylaxis.

Therewere other differences between the treatment groups.Notably,
neutrophil recovery after HLA-matched unrelated donor transplanta-
tion was better than after haploidentical donor transplantation with
myeloablative conditioning regimens. Although we did not observe
differences in disease risk index, differences in graft type and/or
heterogeneity of conditioning regimensmay have contributed to this.
The limited number of patients in the current analysis prevents us
from exploring this further. Donor-specific HLA antibodies are
associated with graft failure after haploidentical and unrelated donor
transplantation.33-35We do not have these data and are unable to test
in the current analyses.

The current analysis has several limitations. First, we used data
reported to an observation registry, which makes it impossible to
study donor choices or the choice of other treatments patients re-
ceived. Although some of the patients may not have had a suitably
HLA-matched adult unrelated donor, others may have been offered
haploidentical transplantation based on institutional preference.
Second, although the analysis was limited to AML and disease
risk index was not different between donor groups, recipients of
haploidentical donor transplantation reported poor performance
scores and a longer time from diagnosis to transplantation for re-
cipients of reduced intensity conditioning regimens. This is in part
explained by a higher proportion of patients transplanted in first

Figure 2. Relapse. (A) The cumulative incidence of relapse by donor type after

myeloablative conditioning regimen, adjusted for disease risk index. (B) The cumu-
lative incidence of relapse by donor type after reduced intensity conditioning reg-

imen, adjusted for performance score, disease risk index, and secondary AML.

Figure 3. Overall survival. (A) The probability of OS by donor type after

myeloablative conditioning regimen, adjusted for age and disease risk index. (B)
The probability of OS by donor type after reduced intensity conditioning regimen,
adjusted for disease risk index and secondary AML.
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pain and flulike symptoms. None experienced a serious adverse
event or required hospitalization.
Most patients randomized to bone marrow (115 of 118; 97%)

received bone marrow alone. Two patients randomized to bone
marrow received peripheral blood alone, and one did not undergo
transplantation.

Hematologic recovery

The median times to neutrophil recovery were 19 days (range,
12-35 days) and 23 days (range, 13-68 days) in the peripheral blood
and bone marrow groups, respectively (hazard ratio, 0.45; 95%
confidence interval, 0.33-0.62; P ! .0001) (Figure 1A). Eight
patients died prior to neutrophil recovery, 3 in the peripheral blood
group and 5 in the bone marrow group. The median times to
platelet recovery were 16 days (range, 0-100 days) and 22 days
(range, 0-100 days) in the peripheral blood and bone marrow
groups, respectively (hazard ratio, 0.46; 95% confidence interval,
0.34-0.62; P ! .0001) (Figure 1B). Seventeen patients died prior to
platelet recovery, 4 in the peripheral blood group and 13 in the bone
marrow group. There were statistically significant differences in
the number of platelet transfusions, days on nonprophylactic
antibiotics during the first hospitalization, and duration of the first
hospitalization favoring the peripheral blood group (Table 3).
There was no difference in the cumulative incidence or severity

of acute GVHD. The cumulative incidences of grades II to IV acute

GVHD at day"100 after transplantation were 51 of 117 (44%) and
47 of 107 (44%) in the peripheral blood and bone marrow groups,
respectively (hazard ratio, 0.99; 95% confidence interval, 0.66-
1.49; P # .9) (Figure 2), and the cumulative incidences of grades
III to IV acute GVHD at day"100 after transplantation were 28 of
107 (26%) and 21 of 117 (18%) in the peripheral blood and bone
marrow groups, respectively (hazard ratio, 1.48; 95% confidence
interval, 0.83-2.62; P $ .18). The cumulative incidences of chronic
GVHD at 30 months after transplantation were 85% and 69% in the
peripheral blood and bone marrow arms, respectively, and the
corresponding cumulative incidences of extensive chronic GVHD
at 30 months after transplantation were 40% and 30% in the
peripheral blood and bone marrow arms, respectively (Figure 3).
Although there was a trend to more overall and extensive chronic
GVHD among patients randomized to peripheral blood, this was
not statistically significant (hazard ratio for overall chronic GVHD,
1.09; 95% confidence interval, 0.79-1.49; P $ .62; hazard ratio for
extensive chronic GVHD, 1.23; 95% confidence interval, 0.78-
1.96; P $ .37).

Nonrelapse mortality, relapse, and survival

Overall survival was improved in recipients of peripheral blood
transplants. This benefit was seen early; the actuarial probability of
death at day "30 was 2.8% for patients randomized to peripheral
blood and 7.6% for those randomized to bone marrow (P $ .18).
At day "100, the actuarial probabilities of death were 7.4% and
16.1%, respectively (P $ .07). The benefit in overall survival was
due to a reduction in nonrelapse deaths (Figure 4) in the peripheral
blood arm, with no difference between the groups in early or late
relapses (Figure 5) or deaths in relapse (Table 4).

Figure 1. Hematologic recovery by transplantation arm. (A) Neutrophil recovery.
(B) Platelet recovery.

Figure 2. Grades II to IV acute GVHD by transplantation arm.

Figure 3. Rates of chronic GVHD by transplantation arm. (A) Chronic GVHD by
transplantation arm. (B) Extensive chronic GVHD by transplantation arm.

Table 3. Secondary outcomes related to hematologic recovery according to
transplantation arm

Bone marrow
(n $ 118)

Peripheral blood
(n $ 109) P*

Red blood cell transfusions† 6 (0-74) 4 (0-53) .23
Platelet transfusions† 6 (0-107) 3 (0-74) ! .0001
Febrile days during first 30 days after
transplantation 4 (0-30) 3 (0-23) .66

Days on nonprophylactic antibiotics
from day 0 to first discharge 17 (1-127) 14 (3-59) .001

Days in hospital from day 0 to first
discharge 28 (13-156) 25 (9-82) .0006

Days in hospital during first 100 days
after transplantation 32 (0-100) 28 (16-90) .09

Data are presented as median (range).
*Wilcoxon rank sum test.
†Number of transfusions during the first 60 days after transplantation. One red

blood cell transfusion refers to one unit of packed red blood cells. One platelet
transfusion refers to 4 to 6 pooled random donor units or one apheresis unit.
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With a median follow-up of 32.8 months (range, 12-61 months),
the overall survival of patients randomized to peripheral blood was
statistically significantly better than for those randomized to bone
marrow (Figure 6). The estimated probability of survival at 30
months after transplantation was 68% in the peripheral blood group
and 60% in the bone marrow group (hazard ratio, 0.62; 95%
confidence interval, 0.39-0.97; P ! .04). Although the study was
not powered for subgroup analysis, among the 3 disease groups for
which there had been prospective stratification, there was a benefit
in overall survival favoring peripheral blood for patients with CML
(Figure 7A) and a trend favoring peripheral blood for patients with
MDS (Figure 7C), but not for those with AML (Figure 7B). The
interaction between disease type and treatment was not statistically
significant (P ! .18). In a post hoc analysis, patients were grouped
retrospectively into those with early disease (first chronic phase
CML, first remission AML, refractory anemia, and refractory
anemia with ringed sideroblasts) and those with advanced disease.
The overall survival of patients with early disease was not different
between the groups (Figure 7D); however, there was an overall
survival benefit in patients with advanced disease favoring the
peripheral blood group (Figure 7E). The interaction between
disease stage and treatment was not statistically significant (P ! .11).
There was no disease subgroup for which peripheral blood
transplantation was associated with poorer overall survival.

Discussion
In this trial of allografting for myeloid malignancies, patients
randomized to receive peripheral blood had significantly better
overall survival compared with those randomized to receive bone
marrow. This benefit was due to lower nonrelapse mortality.
Similar to results in autologous transplantation1,2 and other random-
ized allogeneic studies,20,24-27 the use of peripheral blood cells led
to faster neutrophil and platelet recovery. Some statistically signifi-
cant differences in secondary outcomes related to hematologic
recovery were seen, but more important, the faster hematologic
recovery probably accounts for the lower early (before day 30)

nonrelapse mortality in the peripheral blood group. Interestingly,
we noted a trend toward lower nonrelapse mortality in the 30- to
100-day period as well as beyond 100 days among patients
randomized to receive peripheral blood. Given that the cumulative
incidence of acute GVHDwas similar in the 2 groups, the reduction
in nonrelapse deaths is most likely due to the effects of earlier
hematologic recovery and/or earlier immune reconstitution. Faster
hematologic recovery may lead to an earlier return to health and
allow patients to withstand subsequent complications, thereby
reducing late mortality.
Compared with bone marrow, peripheral blood harvests contain

approximately 10-fold more T cells, which are important effectors
of GVHD. Our study confirms the observation made by Bensinger
et al20 that this does not lead to more acute GVHD. The observation
that acute GVHD is not increased despite the 10-fold higher
number of T cells in peripheral blood may be related to the use of
G-CSF. G-CSF directs activated T cells to a Th2 type (secreting
interleukin 4 [IL-4] and IL-10) and away from a Th1 response
(secreting IL-2 and "-interferon) that promotes acute GVHD.41,42
An alternative theory is that while a threshold dose of T cells is
required for acute GVHD to develop, additional T cells beyond this
level do not lead to a further increase in acute GVHD. The
observation that allogeneic peripheral blood transplants are not
associated with more acute GVHD may not extend to chronic
GVHD. In accord with other studies,15,18,20,23 we noted a trend
toward a higher cumulative incidence of chronic GVHD among
peripheral blood recipients. Chronic GVHD is a serious long-term
consequence of allogeneic transplantation, and further follow-up of
patients in this and other randomized studies will be necessary to
determine how this affects late mortality and quality of life.
We did not observe a difference in relapse in the 2 treatment

groups, despite a trend toward an increased incidence of chronic
GVHD among peripheral blood recipients. In the hypothesis-
generating subgroup analysis, there was a survival benefit of

Figure 4. Nonrelapse mortality by treatment arm.

Figure 5. Relapse by transplantation arm.
Figure 6. Overall survival of all patients by treatment arm. Vertical lines indicate
individual patients.

Table 4. Relapse and nonrelapse mortality according to transplantation arm

Bone marrow
(n ! 118)

Peripheral blood
(n ! 109)

Total number of deaths 49 33
Number of deaths in relapse 11 10
Number of nonrelapse deaths 38 23
Days 0-30 9 3
Days 31-100 7 4
After day 100 22 16
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pain and flulike symptoms. None experienced a serious adverse
event or required hospitalization.
Most patients randomized to bone marrow (115 of 118; 97%)

received bone marrow alone. Two patients randomized to bone
marrow received peripheral blood alone, and one did not undergo
transplantation.

Hematologic recovery

The median times to neutrophil recovery were 19 days (range,
12-35 days) and 23 days (range, 13-68 days) in the peripheral blood
and bone marrow groups, respectively (hazard ratio, 0.45; 95%
confidence interval, 0.33-0.62; P ! .0001) (Figure 1A). Eight
patients died prior to neutrophil recovery, 3 in the peripheral blood
group and 5 in the bone marrow group. The median times to
platelet recovery were 16 days (range, 0-100 days) and 22 days
(range, 0-100 days) in the peripheral blood and bone marrow
groups, respectively (hazard ratio, 0.46; 95% confidence interval,
0.34-0.62; P ! .0001) (Figure 1B). Seventeen patients died prior to
platelet recovery, 4 in the peripheral blood group and 13 in the bone
marrow group. There were statistically significant differences in
the number of platelet transfusions, days on nonprophylactic
antibiotics during the first hospitalization, and duration of the first
hospitalization favoring the peripheral blood group (Table 3).
There was no difference in the cumulative incidence or severity

of acute GVHD. The cumulative incidences of grades II to IV acute

GVHD at day"100 after transplantation were 51 of 117 (44%) and
47 of 107 (44%) in the peripheral blood and bone marrow groups,
respectively (hazard ratio, 0.99; 95% confidence interval, 0.66-
1.49; P # .9) (Figure 2), and the cumulative incidences of grades
III to IV acute GVHD at day"100 after transplantation were 28 of
107 (26%) and 21 of 117 (18%) in the peripheral blood and bone
marrow groups, respectively (hazard ratio, 1.48; 95% confidence
interval, 0.83-2.62; P $ .18). The cumulative incidences of chronic
GVHD at 30 months after transplantation were 85% and 69% in the
peripheral blood and bone marrow arms, respectively, and the
corresponding cumulative incidences of extensive chronic GVHD
at 30 months after transplantation were 40% and 30% in the
peripheral blood and bone marrow arms, respectively (Figure 3).
Although there was a trend to more overall and extensive chronic
GVHD among patients randomized to peripheral blood, this was
not statistically significant (hazard ratio for overall chronic GVHD,
1.09; 95% confidence interval, 0.79-1.49; P $ .62; hazard ratio for
extensive chronic GVHD, 1.23; 95% confidence interval, 0.78-
1.96; P $ .37).

Nonrelapse mortality, relapse, and survival

Overall survival was improved in recipients of peripheral blood
transplants. This benefit was seen early; the actuarial probability of
death at day "30 was 2.8% for patients randomized to peripheral
blood and 7.6% for those randomized to bone marrow (P $ .18).
At day "100, the actuarial probabilities of death were 7.4% and
16.1%, respectively (P $ .07). The benefit in overall survival was
due to a reduction in nonrelapse deaths (Figure 4) in the peripheral
blood arm, with no difference between the groups in early or late
relapses (Figure 5) or deaths in relapse (Table 4).

Figure 1. Hematologic recovery by transplantation arm. (A) Neutrophil recovery.
(B) Platelet recovery.

Figure 2. Grades II to IV acute GVHD by transplantation arm.

Figure 3. Rates of chronic GVHD by transplantation arm. (A) Chronic GVHD by
transplantation arm. (B) Extensive chronic GVHD by transplantation arm.

Table 3. Secondary outcomes related to hematologic recovery according to
transplantation arm

Bone marrow
(n $ 118)

Peripheral blood
(n $ 109) P*

Red blood cell transfusions† 6 (0-74) 4 (0-53) .23
Platelet transfusions† 6 (0-107) 3 (0-74) ! .0001
Febrile days during first 30 days after
transplantation 4 (0-30) 3 (0-23) .66

Days on nonprophylactic antibiotics
from day 0 to first discharge 17 (1-127) 14 (3-59) .001

Days in hospital from day 0 to first
discharge 28 (13-156) 25 (9-82) .0006

Days in hospital during first 100 days
after transplantation 32 (0-100) 28 (16-90) .09

Data are presented as median (range).
*Wilcoxon rank sum test.
†Number of transfusions during the first 60 days after transplantation. One red

blood cell transfusion refers to one unit of packed red blood cells. One platelet
transfusion refers to 4 to 6 pooled random donor units or one apheresis unit.
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pain and flulike symptoms. None experienced a serious adverse
event or required hospitalization.
Most patients randomized to bone marrow (115 of 118; 97%)

received bone marrow alone. Two patients randomized to bone
marrow received peripheral blood alone, and one did not undergo
transplantation.

Hematologic recovery

The median times to neutrophil recovery were 19 days (range,
12-35 days) and 23 days (range, 13-68 days) in the peripheral blood
and bone marrow groups, respectively (hazard ratio, 0.45; 95%
confidence interval, 0.33-0.62; P ! .0001) (Figure 1A). Eight
patients died prior to neutrophil recovery, 3 in the peripheral blood
group and 5 in the bone marrow group. The median times to
platelet recovery were 16 days (range, 0-100 days) and 22 days
(range, 0-100 days) in the peripheral blood and bone marrow
groups, respectively (hazard ratio, 0.46; 95% confidence interval,
0.34-0.62; P ! .0001) (Figure 1B). Seventeen patients died prior to
platelet recovery, 4 in the peripheral blood group and 13 in the bone
marrow group. There were statistically significant differences in
the number of platelet transfusions, days on nonprophylactic
antibiotics during the first hospitalization, and duration of the first
hospitalization favoring the peripheral blood group (Table 3).
There was no difference in the cumulative incidence or severity

of acute GVHD. The cumulative incidences of grades II to IV acute

GVHD at day"100 after transplantation were 51 of 117 (44%) and
47 of 107 (44%) in the peripheral blood and bone marrow groups,
respectively (hazard ratio, 0.99; 95% confidence interval, 0.66-
1.49; P # .9) (Figure 2), and the cumulative incidences of grades
III to IV acute GVHD at day"100 after transplantation were 28 of
107 (26%) and 21 of 117 (18%) in the peripheral blood and bone
marrow groups, respectively (hazard ratio, 1.48; 95% confidence
interval, 0.83-2.62; P $ .18). The cumulative incidences of chronic
GVHD at 30 months after transplantation were 85% and 69% in the
peripheral blood and bone marrow arms, respectively, and the
corresponding cumulative incidences of extensive chronic GVHD
at 30 months after transplantation were 40% and 30% in the
peripheral blood and bone marrow arms, respectively (Figure 3).
Although there was a trend to more overall and extensive chronic
GVHD among patients randomized to peripheral blood, this was
not statistically significant (hazard ratio for overall chronic GVHD,
1.09; 95% confidence interval, 0.79-1.49; P $ .62; hazard ratio for
extensive chronic GVHD, 1.23; 95% confidence interval, 0.78-
1.96; P $ .37).

Nonrelapse mortality, relapse, and survival

Overall survival was improved in recipients of peripheral blood
transplants. This benefit was seen early; the actuarial probability of
death at day "30 was 2.8% for patients randomized to peripheral
blood and 7.6% for those randomized to bone marrow (P $ .18).
At day "100, the actuarial probabilities of death were 7.4% and
16.1%, respectively (P $ .07). The benefit in overall survival was
due to a reduction in nonrelapse deaths (Figure 4) in the peripheral
blood arm, with no difference between the groups in early or late
relapses (Figure 5) or deaths in relapse (Table 4).

Figure 1. Hematologic recovery by transplantation arm. (A) Neutrophil recovery.
(B) Platelet recovery.

Figure 2. Grades II to IV acute GVHD by transplantation arm.

Figure 3. Rates of chronic GVHD by transplantation arm. (A) Chronic GVHD by
transplantation arm. (B) Extensive chronic GVHD by transplantation arm.

Table 3. Secondary outcomes related to hematologic recovery according to
transplantation arm

Bone marrow
(n $ 118)

Peripheral blood
(n $ 109) P*

Red blood cell transfusions† 6 (0-74) 4 (0-53) .23
Platelet transfusions† 6 (0-107) 3 (0-74) ! .0001
Febrile days during first 30 days after
transplantation 4 (0-30) 3 (0-23) .66

Days on nonprophylactic antibiotics
from day 0 to first discharge 17 (1-127) 14 (3-59) .001

Days in hospital from day 0 to first
discharge 28 (13-156) 25 (9-82) .0006

Days in hospital during first 100 days
after transplantation 32 (0-100) 28 (16-90) .09

Data are presented as median (range).
*Wilcoxon rank sum test.
†Number of transfusions during the first 60 days after transplantation. One red

blood cell transfusion refers to one unit of packed red blood cells. One platelet
transfusion refers to 4 to 6 pooled random donor units or one apheresis unit.

1528 COUBAN et al BLOOD, 1 SEPTEMBER 2002 ! VOLUME 100, NUMBER 5

D
ow

nloaded from
 https://ashpublications.org/blood/article-pdf/100/5/1525/1253304/h81702001525a.pdf by guest on 08 M

arch 2020

pain and flulike symptoms. None experienced a serious adverse
event or required hospitalization.
Most patients randomized to bone marrow (115 of 118; 97%)

received bone marrow alone. Two patients randomized to bone
marrow received peripheral blood alone, and one did not undergo
transplantation.

Hematologic recovery

The median times to neutrophil recovery were 19 days (range,
12-35 days) and 23 days (range, 13-68 days) in the peripheral blood
and bone marrow groups, respectively (hazard ratio, 0.45; 95%
confidence interval, 0.33-0.62; P ! .0001) (Figure 1A). Eight
patients died prior to neutrophil recovery, 3 in the peripheral blood
group and 5 in the bone marrow group. The median times to
platelet recovery were 16 days (range, 0-100 days) and 22 days
(range, 0-100 days) in the peripheral blood and bone marrow
groups, respectively (hazard ratio, 0.46; 95% confidence interval,
0.34-0.62; P ! .0001) (Figure 1B). Seventeen patients died prior to
platelet recovery, 4 in the peripheral blood group and 13 in the bone
marrow group. There were statistically significant differences in
the number of platelet transfusions, days on nonprophylactic
antibiotics during the first hospitalization, and duration of the first
hospitalization favoring the peripheral blood group (Table 3).
There was no difference in the cumulative incidence or severity

of acute GVHD. The cumulative incidences of grades II to IV acute

GVHD at day"100 after transplantation were 51 of 117 (44%) and
47 of 107 (44%) in the peripheral blood and bone marrow groups,
respectively (hazard ratio, 0.99; 95% confidence interval, 0.66-
1.49; P # .9) (Figure 2), and the cumulative incidences of grades
III to IV acute GVHD at day"100 after transplantation were 28 of
107 (26%) and 21 of 117 (18%) in the peripheral blood and bone
marrow groups, respectively (hazard ratio, 1.48; 95% confidence
interval, 0.83-2.62; P $ .18). The cumulative incidences of chronic
GVHD at 30 months after transplantation were 85% and 69% in the
peripheral blood and bone marrow arms, respectively, and the
corresponding cumulative incidences of extensive chronic GVHD
at 30 months after transplantation were 40% and 30% in the
peripheral blood and bone marrow arms, respectively (Figure 3).
Although there was a trend to more overall and extensive chronic
GVHD among patients randomized to peripheral blood, this was
not statistically significant (hazard ratio for overall chronic GVHD,
1.09; 95% confidence interval, 0.79-1.49; P $ .62; hazard ratio for
extensive chronic GVHD, 1.23; 95% confidence interval, 0.78-
1.96; P $ .37).

Nonrelapse mortality, relapse, and survival

Overall survival was improved in recipients of peripheral blood
transplants. This benefit was seen early; the actuarial probability of
death at day "30 was 2.8% for patients randomized to peripheral
blood and 7.6% for those randomized to bone marrow (P $ .18).
At day "100, the actuarial probabilities of death were 7.4% and
16.1%, respectively (P $ .07). The benefit in overall survival was
due to a reduction in nonrelapse deaths (Figure 4) in the peripheral
blood arm, with no difference between the groups in early or late
relapses (Figure 5) or deaths in relapse (Table 4).

Figure 1. Hematologic recovery by transplantation arm. (A) Neutrophil recovery.
(B) Platelet recovery.

Figure 2. Grades II to IV acute GVHD by transplantation arm.

Figure 3. Rates of chronic GVHD by transplantation arm. (A) Chronic GVHD by
transplantation arm. (B) Extensive chronic GVHD by transplantation arm.

Table 3. Secondary outcomes related to hematologic recovery according to
transplantation arm

Bone marrow
(n $ 118)

Peripheral blood
(n $ 109) P*

Red blood cell transfusions† 6 (0-74) 4 (0-53) .23
Platelet transfusions† 6 (0-107) 3 (0-74) ! .0001
Febrile days during first 30 days after
transplantation 4 (0-30) 3 (0-23) .66

Days on nonprophylactic antibiotics
from day 0 to first discharge 17 (1-127) 14 (3-59) .001

Days in hospital from day 0 to first
discharge 28 (13-156) 25 (9-82) .0006

Days in hospital during first 100 days
after transplantation 32 (0-100) 28 (16-90) .09

Data are presented as median (range).
*Wilcoxon rank sum test.
†Number of transfusions during the first 60 days after transplantation. One red

blood cell transfusion refers to one unit of packed red blood cells. One platelet
transfusion refers to 4 to 6 pooled random donor units or one apheresis unit.
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assignment incidence was 15.8% (95%CI, 10.2% to 22.5%) and 4.4%
(95% CI, 1.8% to 8.9%), respectively (P = .002; Fig 4). The most
common adverse events were mucositis and abnormal liver function

with MAC versus abnormal liver function and dyspnea with RIC
(Appendix Fig A2, online only). Infectious complications were
comparable in both treatment arms (Appendix Table A2, online only).
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1 | DISEASE OVERVIEW

MDS comprises a very heterogeneous group of myeloid malignancies

with very distinct natural histories.1–3 MDS occurs in 3 to 4 individuals

per 105 in the US population.4 Prevalence increases with age. For

instance in individuals age 60 and above, prevalence is 7 to 35 per

105.4 Other series have reported higher rates.5 MDS affects more fre-

quently males than females.4 Exposure to prior chemo or radiation

therapy is a risk for the development of MDS.

MDS is usually suspected by the presence of cytopenia on a rou-

tine analysis of peripheral blood. This prompts evaluation of bone mar-

row cell morphology (aspirate) and cellularity (biopsy). A manual count

of bone marrow blasts is fundamental for risk assessment. Cytogenetic

analysis helps in predicting risk and in selecting therapy. Once this

information is collected, the risk of the patient can be calculated. At the

present time, the International Prognostic Scoring System (IPSS)6 is still

commonly used. Natural history and therapeutic decisions are different

for patients with lower risk disease (low and INT-1) versus those with

higher (INT-2 and high). In lower risk disease interventions have been

traditionally developed to improve transfusion needs; whereas higher

risk options were initially modeled following therapy of AML with

remission induction being the goal. This concept was modified by the

better understanding of the natural history of MDS and the develop-

ment of new therapies, in particular the hypomethylating agents.

Another important concept is that a large majority of patients with

MDS die from causes intrinsic to the disease and not due to progres-

sion to AML.7 This has important implications for the development of

therapies in MDS. The revised IPSS score (IPSS-R) was published in

2012.8 This score includes a new cytogenetic risk classification that

divides patients into 5 cytogenetic categories (Figure 1).8–10 The IPSS-

R divides patients in 5 risk subgroups including an intermediate group.

Because current therapies were approved using either FAB or IPSS cri-

teria, we still use IPSS to decide therapy but IPSS-R to calculate prog-

nosis. Although the use of next generation sequencing has not been

incorporated into clinical practice in a validated manner, presence of

known recurrent somatic mutations can be helpful and refine diagnosis

and prognosis of patients with MDS11–21 and, therefore, we recom-

mend using this data in therapeutic decision making if available.

2 | DIAGNOSIS

The diagnosis of MDS is generally suspected based on the presence of

an abnormal CBC. Diagnosis is confirmed by performing a bone mar-

row aspiration and biopsy. Both procedures provide different informa-

tion. The bone marrow aspirate allows for detailed evaluation of

cellular morphology and evaluation of percent of blasts. The bone mar-

row biopsy allows for determination of bone marrow cellularity and

architecture. Diagnosis is established by the presence of dysplasia. A

number of morphological classifications are in place to classify patients

with MDS. The most recent one being the 2008 WHO version22 which

was recently revised in 2016.23 There is some controversy regarding

the utility of bone marrow biopsy. We believe that biopsy helps in diag-

nosis and potentially in selecting therapy. For instance, in our practice

we only use immunotherapy (ATG, cyclosporine, steroids) in hypocellu-

lar MDS (marrow cellularity less than 20 to 30% depending on age).

Cellularity is better assessed by bone marrow biopsy.

A number of additional tests are needed to complete the labora-

tory evaluation of a patient with MDS. Most important of which is the

analysis of bone marrow cytogenetics. It is well established that cyto-

genetic patterns are very heterogeneous in MDS.24 Cytogenetics are

FIGURE 1 Cytogenetic classification of MDS. Adapted from Schanz et al9 [Color figure can be viewed at wileyonlinelibrary.com]
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Long-term follow-up of a retrospective comparison of reduced-intensity conditioning and conventional high-dose conditioning for allogeneic transplantation from matched related donors in 
myelodysplastic syndromes. Bone Marrow Transplantation (2017) 52, 1107–1112  

2 years after a MAC from any donor and stem source. Disease
relapse was the cause of 34–43% of late deaths, while NRM due to
infection or GvHD caused another 30–40% of these deaths.
However, RIC transplants were not included, and late deaths were

defined as those occurring beyond 2 years after AlloHSCT, thus
explaining the differences observed with our study.
The current study has the limitations common to all retro-

spective registry-based studies, including the lack of disease- and
patient-related information which is currently considered crucial
for deciding if and when a patient with MDS should undergo an
AlloHSCT when an HLA-identical sibling is available; among the
disease-related variables, the revised international prognostic
system is of major importance,15–18 while among patient-related
variables, the age-adjusted hematopoietic cell transplant comor-
bidity index and the patients’ biological age/performance status
are of major importance.19–23

We must emphasize that recently enrollment in a phase III
randomized trial comparing RIC vs MAC in patients with MDS
(N= 54) or AML (N= 218) was stopped early due to a higher-than-
acceptable benefit of MAC as assessed by an independent Data
Review Committee.24 Among 272 patients enrolled, 135 received
MAC and 137 received RIC regimens; although at 18 months
follow-up the interim results confirmed that RIC resulted in higher
relapse rates and lower NRM compared to MAC, there was a large
advantage in RFS for patients receiving MAC, and this difference
was mainly due to a very high relapse rate in patients with MDS.
Data from this trial support MAC as the standard of care for
patients able to receive it. Of course, no long-term data is available
from this recent trial.24 However, as previously emphasized, most
patients with MDS are not candidates for MAC strategies.
Notwithstanding its caveats, the current long-term results will

surely be useful by documenting the minimally expected
outcomes after AlloHSCT in MDS. These results, however,
cannot be extrapolated to other donor types, such as related
haploidentical HSCT.
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выполнении аллоТГСК необходимо решать незамед-
лительно (уровень доказательности А).

Согласно отечественным и европейским реко-
мендациям по применению ИТК2 во второй линии, 
при отсутствии ПГО к 3 мес. и хотя бы малого ци-
тогенетического ответа к 6 мес. констатируется ре-
зистентность к лечению (уровень доказательности 
А) (табл. 10) [20]. Рекомендована смена терапии: 
другой ИТК2, аллоТГСК, клинические исследования, 
гидроксимочевина, интерфероны-альфа, цитоста-

тические средства (уровень доказательности D). 
Однако следует отметить, что у больных в поздней 
ХФ ХМЛ (с длительной предшествующей терапией) 
ответ на ИТК2 можно получить в более поздний 
срок.

АЛЛОГЕННАЯ ТРАНСПЛАНТАЦИЯ 
ГЕМОПОЭТИЧЕСКИХ СТВОЛОВЫХ КЛЕТОК

Тактика ведения больных при резистентности или 
непереносимости ИТК в 1–3-й линии терапии должна 
обсуждаться индивидуально с учетом факторов риска 
прогрессирования ХМЛ, переносимости препаратов, 
факторов риска аллоТСГК.

В ХФ ХМЛ до терапии ИТК вопрос о HLA-
типировании целесообразен у больных из группы 
предупреждения с высоким риском прогрессиро-
вания заболевания (выявление клинически значимых 
ДХА в Ph-позитивных клетках) при условии низкого 
риска трансплантационных осложнений и наличия 
родственного донора. Показанием к выполнению ал-
лоТГСК у больных в ХФ ХМЛ служит неудача терапии 
ИТК2, обнаружение мутации T315I (уровень доказа-
тельности А) [20].

Пациентам в БК ХМЛ рекомендовано выполнение 
аллоТГСК от родственного либо неродственного до-
нора сразу после достижения второй ХФ на фоне при-
менения ИТК и/или сочетания ИТК с химиотерапией 
[72–75].

В табл. 11 представлены рекомендации по прове-
дению аллоТГСК при ХМЛ (уровень доказательности А).

Факторы риска при аллоТГСК (EBMT) [76]:
�O ХФ — 0 баллов, ФА — 1 балл, БК — 2 балла;
�O возраст до 20 лет — 0 баллов, 20–40 лет — 

1 балл, более 40 лет — 2 балла;

Таблица 10. ИТК2 во второй и последующих линиях терапии хронического миелолейкоза

Срок терапии
Характеристика ответа

Оптимальный ответ Предостережение Неудача
До лечения — Гематологическая резистентность к иматинибу, 

цитогенетическая резистентность к ИТК 
первой линии, высокий риск

—

3 мес. BCR-ABL ≤ 10 %
и/или
Ph+ < 65 % (МЦО)

BCR-ABL > 10 %
и/или
Ph+ 65 %–95 % (МинЦО)

Отсутствие ПГО
или
Ph+ > 95 %
или
Новые мутации BCR-ABL

6 мес. BCR-ABL ≤ 10 %
и/или
Ph+ < 35 % (ЧЦО)

Ph+ 36–65 % (МЦО) BCR-ABL > 10 %
и/или
Ph+ > 65 %
и/или
Новые мутации BCR-ABL

12 мес. BCR-ABL < 1 %
и/или
Ph+ 0 % (ПЦО)

BCR-ABL 1–10 %
и/или
Ph+ 1 %–35 % (ЧЦО)

BCR-ABL > 10 %
и/или
Ph+ > 35 %
и/или
Новые мутации BCR-ABL

В любое 
последующее 
время

BCR-ABL ≤ 0,1 % (БМО) ДХА в клетках Ph– (–7 или 7q–)
или
BCR-ABL > 0,1 %

Потеря ПГО
или
Потеря ПЦО либо ЧЦО, подтвержденная 

потеря БМО, появление мутаций BCR-ABL
ДХА в клетках Ph+ 

ДХА — дополнительные хромосомные аномалии; МинЦО — минимальный цитогенетический ответ; МЦО — малый цитогенетический ответ; ЧЦО — 
частичный цитогенетический ответ.

Таблица 9. Рекомендации по лечению больных ХМЛ в фазе 
акселерации и бластном кризе

Фаза ХМЛ Рекомендации по лечению
ФА Нилотиниб — 400 мг 2 раза в сутки

Дазатиниб — 140 мг 1 раз в сутки
Иматиниб — 600 мг/сут
АллоТГСК
Клинические исследования

БК Лимфоидный вариант БК
Клинические исследования
Терапия по программе лечения Ph-позитивного 

острого лимфобластного лейкоза
Дазатиниб — 140 мг/сут как этап подготовки 

к аллоТГСК
АллоТГСК (если возможно) с последующим 

продолжением ИТК (выбор ИТК в зависимости 
от предшествующего лечения, переносимости, 
результатов мутационного анализа)

Миелоидный вариант БК
Клинические исследования
Терапия по программе лечения острых миелоидных 

лейкозов
Дазатиниб — 140 мг/сут как этап подготовки 

к аллоТГСК (если возможно) с последующим 
продолжением ИТК (выбор ИТК в зависимости 
от предшествующего лечения, переносимости, 
результатов мутационного анализа)

Клинические рекомендации по диагностике и лечению хронического миелолейкоза 
Клиническая онкогематология. 2017;10(3):294–316 
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клиническая симптоматика, которая складывается из 
нескольких синдромов:

�O синдром опухолевой интоксикации (сла-
бость, снижение аппетита, потеря массы тела, 
потливость, субфебрильная температура);

�O синдром опухолевой пролиферации (боль и 
чувство тяжести в левом боку при спленоме-
галии);

�O анемический синдром (общая слабость, 
одышка, снижение толерантности к физиче-
ской нагрузке, бледность кожи и слизистых 
оболочек, тахикардия);

�O тромботические осложнения при гипертром-
боцитозе и геморрагический синдром, обу-
словленный тромбоцитопенией, наиболее 
характерны для ФА и БК [35, 36].

Диагноз ХМЛ устанавливается по результатам кли-
нико-лабораторных исследований при обязательном 
обнаружении Ph-хромосомы и/или химерного гена 
BCR-ABL (уровень доказательности А) [29].

ДИАГНОСТИКА ФАЗ И ГРУПП РИСКА ХМЛ

В течении ХМЛ выделяют три фазы, отражающие 
степень прогрессирования заболевания: ХФ, ФА, 

фазу бластной трансформации или БК (уровень до-
казательности А). Заболевание может быть впервые 
выявлено на любом этапе своего течения.

ХФ является начальной при ХМЛ и диагностиру-
ется у большинства (до 94 %) впервые выявленных 
больных [33]. ХФ устанавливают при отсутствии при-
знаков ФА и БК. ФА определяется у 3–5 % первичных 
больных и считается более поздним по сравнению с 
ХФ этапом развития патологического процесса при 
ХМЛ. ФА может также развиваться при прогрессиро-
вании заболевания. БК — наиболее агрессивный этап 
течения ХМЛ. Дебют болезни с БК служит неблагопри-
ятным прогностическим признаком и наблюдается у 
1–2 % больных ХМЛ. Обобщающее название для ФА 
и БК — поздние фазы заболевания. Медиана продол-
жительности жизни больных при БК ХМЛ составляет 
6–12 мес. Согласно современным классификациям, 
гепато- и спленомегалия не считаются критериями 
поздних фаз [29–31]. В соответствии с рекоменда-
циями ELN появление на фоне терапии некоторых 
клинически значимых дополнительных хромосомных 
аномалий (ДХА) служит критерием ФА.

Фаза ХМЛ оценивается в дебюте заболевания, а 
также при прогрессировании и (обязательно) при из-
менении терапии.

Дифференциально-диагностические критерии 
различных фаз ХМЛ приведены в табл. 1 (уровень до-
казательности А) [29–31, 33].

Группа риска ХМЛ — понятие, применимое только 
для ХФ ХМЛ. Группа риска в этой фазе оценивается 
только на момент диагностики заболевания, до начала 
терапии. Она рассчитывается на основании прогно-
стически значимых характеристик: низкий, промежу-
точный, высокий риск (уровень доказательности А).

Совокупность критериев, характеризующих 
группы риска по системам Sokal, EUTOS, Euro и ELTS, 
представлена в табл. 2. (уровень доказательности А) 
[30–33].

ДИАГНОСТИЧЕСКИЕ ИССЛЕДОВАНИЯ ПРИ ХМЛ

Обязательные исследования при установлении 
диагноза ХМЛ (уровень доказательности А):

Таблица 1. Фазы хронического миелолейкоза (ELN)

Фаза ХМЛ Классификация ELN
ХФ Отсутствие признаков ФА или БК
ФА* 15–29 % бластных клеток в периферической крови и/или 

костном мозге; сумма бластных клеток и промиелоцитов 
≥ 30 % (при этом бластных клеток < 30 %); количество 
базофилов в крови ≥ 20 %; персистирующая 
тромбоцитопения с числом тромбоцитов < 100 × 109/л, 
не связанная с терапией; обнаружение некоторых ДХА** 
в Ph-позитивных клетках на фоне терапии

БК* Наличие в периферической крови и/или в костном 
мозге ≥ 30 % бластных клеток; появление 
экстрамедуллярных инфильтратов бластных клеток

* ФА или БК устанавливают при наличии хотя бы одного критерия.
** Трисомия хромосом 8, 19; удвоение Ph-хромосомы [+der(22)
t(9;22)(q34;q11)]; изохромосома 17 [i(17)(q10)]; –7/del7q и перестройки 
хромосомы 3(q26.2); –Y. Обозначенные выше дополнительные 
хромосомные аномалии (ДХА) выявляются на фоне терапии [37].

Таблица 2. Определение групп риска хронического миелолейкоза по Sokal, EUTOS, Euro и ELTS (уровень доказательности А) [36, 38]

Шкала Формула расчета Группа риска
Sokal Экспонента суммы [0,0116 × возраст (лет) – 43,4] + [0,0345 × размеры селезенки* (см) – 

7,51] + [0,188 × число тромбоцитов (109/л / 700)2 – 0,563] + [0,0887 × число бластных клеток 
(%) – 2,10]

Низкий (< 0,8)
Промежуточный (0,8–1,2)
Высокий (> 1,2)

EUTOS 7 × число базофилов (%) + 4 × размеры селезенки* (см) Низкий (< 87)
Высокий (≥ 87)

Euro 0,6666 × возраст (0 — при < 50 лет; 1 — > 50 лет) + 0,0420 × размеры селезенки* (см) + 
0,0584 × число бластных клеток (%) + 0,0413 × число эозинофилов (%) + 0,2039 × число 
базофилов (0 — при < 3 %; 1 — > 3 %) + 1,0956 × число тромбоцитов (0 — при < 1500 × 
109/л; 1 — > 1500 × 109/л) × 1000

Низкий (≤ 780)

Промежуточный (781–1480)

Высокий (≥ 1481)
ELTS 0,0025 × (возраст / 10)3 + 0,0615 × размеры селезенки* (см) + 0,1052 × число бластных клеток 

(%) + 0,4104 × число тромбоцитов × 109/л/1000–0,5
Низкий (≤ 1,5680)
Промежуточный (> 1,5680, но ≤ 2,2185)
Высокий (> 2,218)

* Размеры селезенки везде указаны в см из-под реберной дуги.
Автоматический подсчет доступен на сайтах: http://bloodref.com/myeloid/cml/sokal-hasford и http://www.leukemia-net.org/content/leukemias/cml/elts_
score/index_eng.html.
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71.4  Risk Factors

Historically, age and white blood cell count at the 
time of diagnosis have been used to risk stratify 
patients. Increasing age portends a worse progno-
sis. Patients over 55 years have particularly poor 
outcomes, with only 10–15% long-term survival 
(Rowe et al. 2015). In most studies the cut point 
for high-risk ALL has been 30 × 109/L for B-cell 
precursor ALL and 100 × 109/L for T-cell precur-
sor ALL, respectively.

According to the maturation marker profile 
measured by immunophenotyping, both entities, B- 
and T-cell precursor ALL, can be classified as less 
mature ALL, which are associated with an inferior 
prognosis compared to the more mature subtypes. 
In B-lineage ALL, the most important markers for 
subclassification are CD19, CD20, CD22, CD24, 
and CD79a. The earliest B-lineage markers are 
CD19, CD22 (membrane and cytoplasm), and 
CD79a. A positive reaction for any two of these 
three markers, without further differentiation mark-
ers, identifies pro-B ALL. The early T-cell precur-
sor ALL is a subtype of high- risk ALL defined by 
reduced expression of T-cell markers (CD1a, CD8, 
and CD5) and aberrant expression of myeloid or 
stem cell markers (Chiaretti et al. 2014).

Cytogenetics represents an important part of 
ALL classification (Moorman et al. 2007). Probably 
the most well-known aberration in acute leukemia, 
associated with a high-risk disease, is Philadelphia 
chromosome-positive ALL.  This aberration is 
present in approximately 20% to 30% of adults 
with ALL. It can be detected as the translocation 
t(9;22)(q34;q11) by conventional karyotyping 
including FISH and/or by detection of the BCR-
ABL1  rearrangement by PCR. In addition, aberra-
tions like t(4;11)(q21;q23) or MLL rearrangements 
at 11q23 and hypodiploidy/low hypodiploidy (and 
the strictly related near-triploid group) fall also into 
the poor-risk cytogenetic category, with an overall 
disease-free survival rate of about 25%. The prog-
nostic relevance of a complex karyotype (five or 
more chromosomal aberrations) in ALL remains 
controversial among different study groups.

Most ALL cases harbor multiple somatic genetic 
alterations in addition to gross chromosomal altera-
tions. Chromosomal rearrangements and aneu-

ploidy are early events in leukemogenesis, with 
DNA copy number alterations and sequence muta-
tions acquired subsequently. Genes encoding tran-
scriptional regulators of lymphoid development are 
among the most frequently mutated genes, particu-
larly in B-linage ALL. Several key genetic altera-
tions may be associated with an inferior outcome, 
e.g., the IKZF1 alterations with treatment failure 
(Dhedin et al. 2015). However, these findings have 
to be verified in further prospective trials.

Persistence of MRD after induction/early con-
solidation, between weeks 4 and 22 and with a 
level  ≥10−4, indicates intrinsic drug resistance 
(Holowiecki et al. 2008). MRD is evaluable using 
either multichannel flow cytometry or the real- time 
quantitative polymerase chain reaction (RQ-PCR). 
Aberrant phenotypes are identified on the basis 
of different combinations and/or asynchronous 
expression and/or variable intensity staining of 
several antigens. PCR targets are fusion genes 
associated with chromosomal abnormalities (e.g., 
BCR-ABL, MLL-AF4) or rearranged immuno-
globulin or T-cell receptor sequences (TCR β, γ, δ, 
IgH, IgK-Kde) unique to each patient with ALL. A 
MRD level exceeding 10−4 after 2–3  months of 
treatment is an indicator for a high-risk disease, 
whereas an increase above 10−3 represents a very 
high risk for relapse (Bruggemann et al. 2010).

71.5  Prognostic Factors Used 
to Indicate Allo-HSCT in CR1

Although data from prospective randomized 
studies are lacking and are most likely impos-
sible to obtain due to the small numbers in some 
subgroups, some patient−/disease-related risk 
factors might be an indication for an allo-HSCT 
in the first remission.

Prognostic factor Indication of allo-HSCT if
Age >40 years
High WBC count 
at diagnosis

>30 × 109/L in BCP-ALL
>100 × 109/L in T-ALL

Poor-risk 
cytogenetics

Ph chromosome
t(4;11)(q21;q23)
t(8;14)(q24.1;q32)
Complex karyotype
Low hypodiploidy/near triploidy
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Prognostic factor Indication of allo-HSCT if
ALL subtypes 
with poor 
prognosis

Early T-cell precursor ALL (Ph-like 
ALL) (limited data, pending trials)

High-risk 
genetics

IKZF1 deletion in B precursor ALL
(NOTCH1/FBXW7; N/K-RAS; 
PTEN genetics in T-ALL 
(Trinquand et al. 2013)) (limited 
data, pending trials)

Failure to attain 
CR

Within 4 weeks of therapy

Minimal residual 
disease

>1 × 10−4 after two courses of 
therapy
Reappearance of MRD marker (no 
MRD marker at initial diagnosis)

71.6  First-Line Treatment

The first-line chemotherapy usually consists of 
induction, treatment intensification/consolidation, 
and long-term maintenance, with CNS prophylaxis 
given at intervals throughout therapy. The goal of 
induction therapy is to achieve CR remission and 
to restore normal hematopoiesis. The backbone of 
induction therapy typically includes VCR, PRD, 
and an anthracycline with or without L-asp and CY.

Intensive postremission consolidation thera-
pies improve outcome. Most study groups recom-
mend six to eight courses, two to four of which 
contain high-dose MTX, Ara-C, and L-asp, and 
one to two represent reinduction blocks.

Postremission consolidation is most often fol-
lowed by long-term maintenance with daily oral 
mercaptopurine and weekly MTX for 2  years 
or longer, sometimes with periodic applications 
of, e.g., VCR, PRD, or other drugs (Bassan and 
Hoelzer 2011).

The addition of RTX to the induction and consol-
idation therapy for patients with B-precursor ALL 
(Maury et al. 2016), as well as imatinib for patients 
with Ph-positive ALL (Fielding et al. 2014), has sig-
nificantly improved the outcome in these subgroups.

These modern regimens usually allow remis-
sion rates of 90% and more in patients with 
standard- risk ALL. However, in patients of older 
age (e.g., >45 years) treated with pediatric- inspired 
protocols, significantly higher rate of chemother-
apy-related events compared to younger patients 
occurs, and response rates decrease.

The introduction of novel agents like nelara-
bine for patients with T-precursor ALL and 
blinatumomab and inotuzumab ozogamicin for 
B-precursor ALL, as part of the frontline therapy, 
is currently being evaluated in prospective trials.

71.7  Second-Line Treatment

While 85–90% of patients go into remission 
after induction therapy, there are subsets that are 
refractory to induction therapy. In addition, many 
of the patients with complete remission will have 
a relapse, and only approximately 30–50% will 
have disease-free survival lasting 3 years or lon-
ger. Conventional standard chemotherapy regi-
mens for adults with relapsed or refractory B-cell 
ALL are associated with rates of CR of 31–44% 
when they are the first salvage therapy admin-
istered after an early relapse and 18–25% when 
they are the second salvage therapy (Gokbuget 
et al. 2016). Because CR is typically a prerequi-
site for subsequent allo-HSCT, the low rates of 
CR associated with conventional chemotherapy 
regimens mean that few adults with relapsed or 
refractory (R/R) B-cell ALL (5–30%) proceed to 
HSCT, which is considered to be the main goal 
after salvage treatment because it is the only 
potentially curative treatment option.

Recently, two randomized trials compar-
ing conventional salvage regimens with novel 
immunotherapy- based therapies, the Tower trial 
(Kantarjian et  al. 2017) with blinatumomab 
(targeting CD19) and the INO-VATE ALL trial 
(Kantarjian et  al. 2016) with inotuzumab ozo-
gamicin (targeting CD22), demonstrated sig-
nificantly higher remission rates (up to 80%) 
for patients with R/R B-precursor ALL treated 
with either antibody-based therapy. Moreover, 
these novel treatments showed a favorable tox-
icity  profile compared to conventional chemo-
therapies and allowed the treatment, of many of 
the patients, in an outpatient setting. Both trials 
defined a new standard therapy option in patients 
with R/R B-precursor ALL.  Conventional che-
motherapy might be still a reasonable option in 
patients with late relapse. However, with regard 
to treatment toxicity and option of outpatient 
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Primary and Post ET/PV Myelofibrosis  

Survival and responses

Currently, 36 patients are surviving 0.5 to 11.6 (median, 2.8) years
after transplantation (Figure 1A), including 2 patients with initial
graft failure. One received a successful second transplant using
G-CSF–mobilized peripheral blood cells (rather than marrow) from
the original donor after conditioning with tBUCY. The second
patient is in remission on interferon therapy. There are 3 additional
patients who are “mixed chimeras.” Survival was superior in

patients conditioned with a targeted BUCY regimen (Figure 1B).
Table 4 summarizes univariate regression models for the outcome
“overall mortality.” Neither type of donor, source of stem cells,
presence of excess blasts, duration of disease prior to HCT, nor
splenectomy was statistically significantly associated with the
hazard of mortality. Because of the small numbers of patients and
events in some of the resulting groups, the possibility that clinically
relevant differences exist but failed to reach statistical significance
must be considered. Increasing severity by Dupriez classification
(Figure 2) and clonal cytogenetic abnormalities were significantly
associated with posttransplantation mortality. The degree of mar-
row fibrosis was suggestively associated with the hazard of
mortality, with increasing fibrosis leading to worse outcome
(Figure 3; Table 4). There was also a suggestion of increasing
hazard of death with increasing age in univariate analysis (P ! .07)
and in several multivariable models. Higher platelet counts at
transplantation were associated with improved outcome (Table 4).
Several of the variables associated with outcome were also

correlated with each other. Due to the small number of events (20
deaths), the ability to fit multivariable regression models was
limited. Nonetheless, several models were fit, some of which are
summarized in Table 5. In general, the qualitative conclusions
resulting from the univariate models remained after examining
each of the multivariable models (data not shown). This finding
indicates that each of the factors that yielded a suggestive or
statistically significant association with the hazard of mortality in
the univariate models actually was associated with mortality, and
not simply through an association with other factors. Of note were
2 models in particular. One considered Dupriez classification and
degree of myelofibrosis and the second, Dupriez classification and
peripheral blood platelet counts. Both models suggest that factors
added to the Dupriez classification improved prognostic accuracy
for posttransplantation outcome (Figure 4).
At the most recent follow-up, 6 months to 10 years after

transplantation, patients had WBC counts of 2.5 to 13.6 (median,
6.8) " 109/L, absolute neutrophil counts (ANCs) of 1.68 to 5.9

Figure 1. Overall survival. (A) All patients; (B) survival by conditioning regimen.
Shown are results in patients prepared with a regimen of targeted BUCY ([t]BUCY)
compared with those prepared with other regimens. Surviving patients are indicated
by tick marks.

Table 4. Univariate regression models for overall mortality
Factor

(no. of patients dying/all patients) Hazard ratio 95% CI P

Conditioning regimen
Other regimens (11/17) 1 — —
Targeted BUCY (9/39) 0.3 0.1-0.8 .01

Platelet count
" 109/L or higher (10/40) 1 — —
Less than " 109/L (9/15) 3.6 1.4-8.9 .006

Dupriez classification
1 (4/25) 1 — —
2 (7/17) 2.9 0.9-10.1 .09
3 (8/13) 6.5 2.0-22.0 .002

Degree of fibrosis
1 (4/21) 1 — —
2 (7/17) 2.9 0.8-9.9 .09
3 (9/18) 3.7 1.1-12.1 .03

Karyotype
Normal (6/29) 1 — —
Clonal (11/21) 5 1.5-18.2 .009

Age, y
Modeled as a continuous linear variable Increasing age,

increasing hazard
— .07

Age, y
Younger than 40 (5/19) 1 — —
40 to 50 (7/20) 1.3 0.4-4.2 .61
Older than 50 (8/17) 2.5 0.8-7.6 .12

Splenectomy
No (14/36) 1 — —
Yes (6/20) 0.8 0.3-2.0 .58

Excess blasts
No (17/51) 1 — —
Yes (3/5) 1.8 0.5-6.2 .34

Source of stem cells
BM (13/33) 1 — —
PBSC (7/23) 1.1 0.4-2.8 .88

Donor
Unrelated or mismatched related (10/25) 1 — —
HLA-identical sibling (10/31) 0.7 0.3-1.7 .42

Disease duration, modeled as a
continuous linear variable

— — .85

BM indicates bone marrow; PBSC, peripheral blood stem cell.

Figure 2. Survival by Dupriez category. Surviving patients are indicated by tick
marks.

Figure 3. Survival by degree of marrow fibrosis. Group 3 includes patients who
had evidence of osteosclerosis.
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• 0 балов - низкий риск; 
• 1 - 2 балла - промежуточный 1; 
• 3 - 3 балла – промежуточный 2;  
• 5 - 6 балла или более – высокий риск. 

 

Последующий анализ многоцентровых данных показал, что независимым 

прогностическим фактором являются зависимость от гемотрансфузий и  цитогенетические 

аномалии (изолированные нарушения +8, 7/7q, i(17q), inv(3), 5/5q, 12p или  перестройка 11q23) 

[102]. С учетом этих данных N. Gangat et al. система стратификации была дополнена 

характеристикой кариотипа и трансфузионным статусом и апробирована на 793 пациентах 

(табл. 10) [103]. Новая система стратификации, получившая наименование DIPSS+ позволила 

прогнозировать не только общую выживаемость, но и время до фазы бластной трансформации.  

Таблица 13.  

Подсчет риска по системе стратификации DIPSS+. 

Признак Количество баллов по системе 
стратификации риска 

Возраст более 65 лет 1 
Уровень гемоглобина менее 100г/л 2 
Уровень лейкоцитов более 25x109/л 1 
Бласты в периферической крови равно или более 1% 1 
Наличие симптомов опухолевой интоксикации 1 
Тромбоциты <100х109/л 1 
Необходимость переливания эрироцитов 1 
Неблагоприятный кариотип: +8,-7/7q-, (17q),inv(3), -
5/5q-, 12p-, перестройки 11q23 

1 

• 0 балов - низкий риск; 
• 1 балл - промежуточный 1; 
• 3 - 3 балла – промежуточный 2;  
• 4 балла или более – высокий риск. 

 

Классификация по степени риска соответственно баллам по системам IPSS, DIPSS, 

DIPSS+ приведена в приложении. 

Несмотря на то, что ряд молекулярных маркеров (аллельная нагрузка, JAK2V617F и 

мутационный статус EZH2) оказывают неблагоприятное влияние на прогноз, данные параметры 

не включены в практическую систему оценки прогноза [31, 104]. 
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C, and DRB1 loci is requested, and progres-
sively the same criteria used for volunteer 
donors are considered to define CB HLA match-
ing (Eapen et al. 2017).

12.3  Donor Selection for Adult 
Patients

12.3.1  Donor Type (Summarized 
in Fig. 12.1)

12.3.1.1  Matched Related Siblings 
and Unrelated Donors

Donor-recipient histocompatibility is one of 
the key variables in allo-HSCT.  An HLA-
identical sibling donor is generally considered 
the best donor for allo-HSCT; however less 
than a third of patients will have one available. 
Unrelated donor registries worldwide now 
include more than about 30 million volunteer 
donors, most of them in North America and 
Europe (www.bmdw.org). The probability of 
finding a fully MUD (8/8 or 10/10) varies on 
average between 16% and 75% (Gragert et al. 
2014; Buck et al. 2016) depending on ethnic-
ity, with lowest and highest probabilities in 
patients of African and European descent, 

respectively. Increasing ethnic diversity will 
with time further limit the chances of finding a 
fully matched unrelated donor.

Till date no randomized trial has compared 
outcome of transplants from different donors. 
However, one prospective (Yakoub-Agha et al. 
2006) and several retrospective analyses indi-
cate that outcomes after MSD and fully MUD 
(8/8 or 10/10) HSCT are comparable (Schetelig 
et al. 2008; Szydlo et al. 1997; Arora et al. 2009; 
Ringden 2009; Gupta et  al. 2010; Woolfrey 
et al. 2010; Saber et al. 2012). Increase in donor-
recipient HLA disparity in HLA-A, HLA-B, 
HLA-C, or HLA-DRB1 is associated with 
poorer outcome after unrelated donor transplan-
tation (Lee et  al. 2007; Shaw et  al. 2010; 
Woolfrey et al. 2011; Horan et al. 2012; Fürst 
et  al. 2013; Pidala et  al. 2014; Verneris et  al. 
2015). The overall decrease in survival can be 
explained by the increase in NRM with no posi-
tive effect on relapse. Disparities in HLA-DQB1 
as well as C-allele disparities in C*03:03 vs 
03:04 have been reported to be permissive with 
no negative effects on outcome (Lee et al. 2007; 
Fürst et al. 2013; Morishima et al. 2015; Pidala 
et al. 2014; Crivello et al. 2016). Disparities in 
HLA-DPB1 are observed in the majority of 
HLA-A, HLA-B, HLA-C, and  HLA- DQB1 

Algorithm for donor selection for adult patients with hematological malignancies

HLA-identical sibling donor

HLA-10/10 matched unrelated donor
Beyond HLA: donor age> CMV-matching, sex-matching, ABO-matching

HLA-9/10 matched unrelated donor;
HLA-mismatched related donor; cord blood Beyond HLA: donor specific antibodies, specific center experience

Fig. 12.1 Algorithm for donor selection

F. Ayuk and A. Balduzzi
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for the time-to-event outcomes of overall mortality, non-
relapse mortality, and relapse. We examined the association 
of the probability of the binary outcome of aGvHD using 
logistic regression. We adjusted each regression model for 
major clinical variables which have been shown to be 
associated with outcome (patient’s age, patient’s and 
donor’s sex, patient’s  serological status for cytomega-
lovirus, year of trans plantation, donor registry (Japanese 
Marrow Donor Programme, JMDP vs non-JMDP), source 
of stem cells, con ditioning regimen, T-cell depletion, 
disease severity at transplantation). We did statistical tests 
of the interaction for T-cell-epitope match status (permissive 
vs non-permissive) and donor registry (JMDP vs non-JMDP) 
and disease severity at transplant (low vs intermediate vs 
high) by including appropriate terms in the regression 
models. We obtained estimates of overall mortality with the 
Kaplan-Meier method, and used cumulative inci dence 
estimates to summarise the probability of non-relapse 
mortality and relapse. Death without relapse was regarded 
as a competing risk for relapse, and relapse a competing 
risk for non-relapse mortality. All reported p values were 
two-sided and were estimated using the Wald test. No 
adjustments were made for multiple comparisons. The 
software used was SAS, version 9.1.

Role of the funding source
The sponsors of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. EWP, TG, MM, BES and KF had 
access to the raw data. The corresponding author had full 
access to all the data in the study and had fi nal responsibility 
for the decision to submit for publication.

Results
The characteristics of the study population are shown 
in table 1. Most transplantations were done with myelo-
ablative regimens in the absence of T-cell depletion, with 
bone marrow as stem-cell source (table 1). 3634 (77%) of 
4749 of patients contributed by registries and centres 
outside the JMDP self-described as white. 5428 (64%) of 
8539 patients and their unrelated donor were matched 
for ten of the ten HLA-A, HLA-B, HLA-C, HLA-DRB1, 
and HLA-DQB1 alleles (HLA 10/10 matched), and 
3111 (36%) of 8539 were matched for nine of these ten 
alleles (HLA 9/10 matched), as deter mined by allele level 
typing (table 1). Of the 5965 transplantations matched for 
HLA-A, HLA-B, HLA-C, and HLA-DRB1, 537 (9%) were 
mismatched for HLA-DQB1 (HLA 8/8 matched).

Only 49 (33%) of the 150 known HLA-DPB1 alleles25 
were recorded in the study population, with a similar 
allelic distribution in patients and unrelated donors 
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Number at risk
(1) 545 212 58
(2) 1085 463 133
(3) 650 294 93

Number at risk
(1) 447 174 47
(2) 939 411 112
(3) 570 264 87

Number at risk
(1) 447 174 47
(2) 939 411 112
(3) 570 264 87

HLA-DPB1 matched (n=1216) (1)
Permissive HLA-DPB1 mismatched (n=2539) (2)
Non-permissive HLA-DPB1 mismatched (n=1654) (3)

HLA-DPB1 matched (n=1158) (1)
Permissive HLA-DPB1 mismatched (n=2389) (2)
Non-permissive HLA-DPB1 mismatched (n=1564) (3)

HLA-DPB1 matched (n=1158) (1)
Permissive HLA-DPB1 mismatched (n=2389) (2)
Non-permissive HLA-DPB1 mismatched (n=1564) (3)

Figure 1: Association of HLA-DPB1 T-cell-epitope match status with clinical 
endpoints in HLA 10/10-matched unrelated donor haemopoietic-cell 
transplantation
Shown are Kaplan-Meier estimates of overall survival (A), non-relapse mortality 
(B), and relapse (C) for HLA 10/10-matched HLA-DPB1-matched, permissive 
HLA-DPB1-mismatched or non-permissive HLA-DPB1-mismatched transplants.
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(appendix), in line with previously described allele 
frequencies for this locus.26 In line with previous 
reports,6,7,19 20% (1719 of 8539 pairs) were HLA-DPB1-
matched, 31% (2670 of 8539 pairs) were non-permissive 
HLA-DPB1 mismatched, and 49% (4150 of 8539 pairs) 
were permissive HLA-DPB1 mismatched (table 1, appen-
dix). HLA-DPB1 matching status was similar in HLA 
10/10-matched and 9/10-matched pairs (table 1).

5-year estimates for the entire cohort were 57% (95% CI 
56–58) for overall mortality, 36% (35–37) for non-relapse 
mortality, and 24% (23–25) for relapse. Among 
8272 patients who had an aGvHD grade available, 
1613 (19·5%, 95% CI 18·7–20·4) had grade 3–4 aGvHD.

For the HLA 10/10 matched group, the adjusted hazard 
of overall mortality in the HLA-DPB1 matched subgroup 
did not signifi cantly diff er from that of the permissive 
HLA-DPB1-mismatched subgroup (fi gure 1, table 2). The 
hazard of relapse, however, was signifi cantly higher in 
the HLA-DPB1-matched subgroup than in the permissive 
HLA-DPB1-mismatched subgroup (fi gure 1, table 2), 
which was counterbalanced by a reduced risk of 
non-relapse mortality (fi gure 1, table 2). No signifi cant 
diff erence in the odds of grades 3–4 severe aGvHD was 
noted between groups (fi gure 1, table 2). However, when 
grade 2 aGvHD was included, there was a signifi cant 
reduction in the odds of GvHD recorded in the HLA-
DPB1 matched group compared with the permissive 
mismatched group (odds ratio [OR] 0·74, 95% CI 
0·64–0·86; p<0·0001).

By contrast, in the same HLA 10/10 matched group, the 
risks of overall mortality, non-relapse mortality, and 
grade 3–4 aGvHD were signifi cantly higher in the 
non-permissive HLA-DPB1-mismatched subgroup than 
in the permissive HLA-DPB1 mismatched subgroup 
(fi gure 1, table 2). When grade 2 aGvHD was also 
included, the increase in odds was less pronounced than 
when only grade 3–4 aGvHD was taken into account 
(OR 1·17, 95% CI 1·03–1·33; p=0·02). There was no 
signifi cant diff erence in risk of relapse between non-
permissive and permissive HLA-DPB1 mismatches 
(fi gure 1, table 2). The risk of relapse was signifi cant, 

HLA 10/10 match HLA 9/10 match

Permissive 
HLA-DPB1 
mismatch

HLA-DPB1 match Non-permissive HLA-DPB1 
mismatch

Permissive 
HLA-DPB1 
mismatch

HLA-DPB1 match Non-permissive HLA-DPB1 
mismatch

HR or OR p value HR or OR p value HR or OR p value HR or OR p value

Overall mortality 1 (ref) 0·96 (0·87–1·06) 0·40 1·15 (1·05–1·25) 0·002 1 (ref) 0·98 (0·85–1·13) 0·80 1·10 (1·00–1·22) 0·06

Non-relapse mortality 1 (ref) 0·86 (0·75–0·98) 0·03 1·28 (1·14–1·42) <0·0001 1 (ref) 0·98 (0·82–1·17) 0·81 1·19 (1·05–1·36) 0·007

Relapse* 1 (ref) 1·34 (1·17–1·54) <0·0001 0·89 (0·77–1·02) 0·10 1 (ref) 1·05 (0·84–1·31) 0·68 0·93 (0·78–1·11) 0·44

Grade 3–4 aGvHD 1 (ref) 0·84 (0·69–1·03) 0·09 1·31 (1·11–1·54) 0·001 1 (ref) 0·93 (0·71–1·21) 0·58 1·37 (1·13–1·66) 0·002

Data are HR (95% CI) for overall mortality, non-relapse mortality, and relapse, and OR (95% CI) for aGvHD. Models were done separately among HLA 10/10-matched and 9/10-matched pairs, with the permissive 
pairs of each group as reference. HLA=human leucocyte antigen. HR=hazard ratio. OR=odds ratio. ref=reference. aGvHD=acute graft-versus-host disease. *Transplantations done for non-malignant disease were 
excluded from the analysis. 

Table 2: Multivariable regression models assessing the eff ect of HLA-DPB1 T-cell epitope match status on clinical outcome

Number at risk
(1) 650 294 93
(2) 195 70 16
(3) 609 232 63
(4) 350 154 45
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Time after haemopoietic cell transplantation (years)
10842 60 12

10842 60 12

Number at risk
(1) 570 264 87
(2) 164 62 15
(3) 505 202 55
(4) 289 134 39

HLA 10/10 matched, non-permissive HLA-DPB1 mismatched (n=1654) (1)
HLA 9/10 matched, HLA-DPB1 matched (n=500) (2)
HLA 9/10 matched, permissive HLA-DPB1 mismatched (n=1595) (3)
HLA 9/10 matched, non-permissive HLA-DPB1 mismatched (n=1001) (4)

HLA 10/10 matched, non-permissive HLA-DPB1 mismatched (n=1564) (1)
HLA 9/10 matched, HLA-DPB1 matched (n=474) (2)
HLA 9/10 matched, permissive HLA-DPB1 mismatched (n=1502) (3)
HLA 9/10 matched, non-permissive HLA-DPB1 mismatched (n=946) (4)

Figure 2: Eff ect of HLA-DPB1 T-cell-epitope match status on mortality in HLA 9/10-matched compared with 
HLA 10/10-matched non-permissive DPB1 mismatched unrelated-donor haemopoietic-cell transplantation
Kaplan-Meier estimates of overall survival (A) and non-relapse mortality (B) for HLA-DPB1 matched, permissive 
HLA-DPB1 mismatched, or non-permissive HLA-DPB1 mismatched transplantations.
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Eff ect of T-cell-epitope matching at HLA-DPB1 in recipients 
of unrelated-donor haemopoietic-cell transplantation: 
a retrospective study
Katharina Fleischhauer*, Bronwen E Shaw*, Theodore Gooley, Mari Malkki, Peter Bardy, Jean-Denis Bignon, Valérie Dubois, Mary M Horowitz, 
J Alejandro Madrigal, Yasuo Morishima, Machteld Oudshoorn, Olle Ringden, Stephen Spellman, Andrea Velardi, Elisabetta Zino, Effi  e W Petersdorf, 
on behalf of the International Histocompatibility Working Group in Hematopoietic Cell Transplantation

Summary
Background The risks after unrelated-donor haemopoietic-cell transplantation with matched HLA-A, HLA-B, 
HLA-C, HLA-DRB1, HLA-DQB1 alleles between donor and recipient (10/10 matched) can be decreased by selection 
of unrelated donors who also match for HLA-DPB1; however, such donors are diffi  cult to fi nd. Classifi cation of 
HLA-DPB1 mismatches based on T-cell-epitope groups could identify mismatches that might be tolerated 
(permissive) and those that would increase risks (non-permissive) after transplantation. We did a retrospective 
study to compare outcomes between permissive and non-permissive HLA-DPB1 mismatches in unrelated-donor 
haemopoietic-cell trans plantation.

Methods HLA and clinical data for unrelated-donor transplantations submitted to the International Histo compatibility 
Working Group in haemopoietic-cell transplantation were analysed retrospectively. HLA-DPB1 T-cell-epitope groups 
were assigned according to a functional algorithm based on alloreactive T-cell crossreactivity patterns. Recipients and 
unrelated donors matching status were classifi ed as HLA-DPB1 match, non-permissive HLA-DPB1 mismatch (those 
with mismatched T-cell-epitope groups), or permissive HLA-DPB1 mismatch (those with matched T-cell-epitope 
groups). The clinical outcomes assessed were overall mortality, non-relapse mortality, relapse, and severe (grade 3–4) 
acute graft-versus-host disease (aGvHD).

Findings Of 8539 transplantations, 5428 (64%) were matched for ten of ten HLA alleles (HLA 10/10 matched) and 
3111 (36%) for nine of ten alleles (HLA 9/10 matched). Of the group overall, 1719 (20%) were HLA-DPB1 matches, 
2670 (31%) non-permissive HLA-DPB1 mismatches, and 4150 (49%) permissive HLA-DPB1 mismatches. In HLA 
10/10-matched transplantations, non-permissive mismatches were associated with a signifi cantly increased risk of 
overall mortality (hazard ratio [HR] 1·15, 95% CI 1·05–1·25; p=0·002), non-relapse mortality (1·28, 1·14–1·42; 
p<0·0001), and severe aGvHD (odds ratio [OR] 1·31, 95% CI 1·11–1·54; p=0·001), but not relapse (HR 0·89, 95% CI 
0·77–1·02; p=0·10), compared with permissive mismatches. There were signifi cant diff erences between permissive 
HLA-DPB1 mismatches and HLA-DPB1 matches in terms of non-relapse mortality (0·86, 0·75–0·98; p=0·03) and 
relapse (1·34, 1·17–1·54; p<0·0001), but not for overall mortality (0·96, 0·87–1·06; p=0·40) or aGvHD (OR 0·84, 
95% CI 0·69–1·03; p=0·09). In the HLA 9/10 matched population, non-permissive HLA-DPB1 mismatches also 
increased the risk of overall mortality (HR 1·10, 95% CI 1·00–1·22; p=0·06), non-relapse mortality (1·19, 1·05–1·36; 
p=0·007), and severe aGvHD (OR 1·37, 95% CI 1·13–1·66; p=0·002) compared with permissive mismatches, but the 
risk of relapse was the same in both groups (HR 0·93, 95% CI 0·78–1·11; p=0·44). Outcomes for HLA 10/10-matched 
trans plantations with non-permissive HLA-DPB1 mismatches did not diff er substantially from those for HLA 
9/10-matched transplantations with permissive HLA-DPB1 mismatches or HLA-DPB1 matches.

Interpretation T-cell-epitope matching defi nes permissive and non-permissive HLA-DPB1 mismatches. Avoidance of 
an unrelated donor with a non-permissive T-cell-epitope mismatch at HLA-DPB1 might provide a practical clinical 
strategy for lowering the risks of mortality after unrelated-donor haemopoietic-cell transplantation.

Funding National Institutes of Health; Associazione Italiana per la Ricerca sul Cancro; Telethon Foundation; Italian 
Ministry of Health; Cariplo Foundation; National Cancer Institute; National Heart, Lung and Blood Institute; National 
Institute of Allergy and Infectious Diseases; Offi  ce of Naval Research; IRGHET Paris; Swedish Cancer Society; 
Children’s Cancer Foundation; Swedish Research Council; Cancer Society in Stockholm; Karolinska Institutet; and 
Leukemia and Lymphoma Society.

Introduction
Matching for human leucocyte antigen (HLA)-A, HLA-B, 
HLA-C, HLA-DRB1, and HLA-DQB1 (“10/10”) alleles 
between an unrelated donor and patient is undertaken to 

lower risks of acute graft-versus-host disease (aGvHD) and 
mortality after haemopoietic-cell transplantation.1–9 Another 
allele mismatch, at HLA-DPB1, increases the risk of 
aGvHD, the eff ect of which may be counterbalanced by a 
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the 3 groups (Tables 3 and 4). There was higher early mortality in
the first 6 months after HCT in the 7/8 MUD versus the MRD
group; however, the 3-year LFS and 3-year survival rates were
comparable (Figures 3 and 4).

The observed increased risk of acute and chronic GVHD in both
MUD groups compared with MRD HCT recipients is important.
Several studies have shown that health care costs are significantly higher
with the development of acute GVHD,38,39 and others have shown that
quality of life is negatively affected by acute and chronic GVHD.40,41

Although our analysis demonstrated no difference in survival, a broader
end point that also considers costs and quality of life could show MRD
transplantation as having advantages over MUD transplantation. Most
patients do not have the option of choosing either a related or unrelated
donor, but these factors may be important considerations for those who
do have the option.

Several studies recently compared unrelated donor transplanta-
tion to HLA-identical sibling transplantation.16,22,27 There are
important differences between these studies and ours. Ringdén et al
conducted a registry-based analysis to determine whether MUD
HCT is associated with a greater GVL effect than HLA-identical
sibling HCT, and concluded that these effects were similar and that,
among patients without GVHD, survival was better with related
donors.27 That study compared patients undergoing 8/8 MUD HCT
with those receiving MRD HCT; it did not include patients
receiving 7/8 MUD HCT. It also included patients with AML, acute
lymphoblastic leukemia, and chronic myeloid leukemia (CML),
whereas our study was purposely limited to only AML patients.
The Ringdén study spanned the years from 1995-2004 and only
included patients receiving myeloablative conditioning, whereas
ours assessed transplantation data from 2002-2006 and included
both myeloablative and reduced-intensity conditioning. In their
analysis, Ringdén et al included acute and chronic GVHD as
time-dependent covariates to evaluate their impact on transplanta-
tion outcomes. Because the relationship between donor source and
GVL was not our primary focus, our study did not consider acute or
chronic GVHD as covariates; this is important, because to do so
might have obscured differences in survival resulting from differ-

ences in GVHD-related deaths. Furthermore, the purpose of our
study was to aid clinical decision-making, and it is not possible to
know which patients will and will not develop GVHD when the
decision to proceed to HCT is made.

Woolfrey et al conducted a single-center retrospective analysis of
1448 patients who underwent HCT between 1992 and 2008 with
myeloablative conditioning from either an HLA-identical sibling
(n ! 885) or a 10/10 MUD (n ! 563), for intermediate- or high-risk
hematologic malignancies that included AML, myelodysplasia, CML,
idiopathic myelofibrosis, and myeloproliferative neoplasms.16 Consis-
tent with our findings, that study found no differences between HCT
using identical sibling donors and 10/10 MUD in survival or LFS for
high-risk hematologic malignancies and those receiving BM as the graft
type. However, for those patients with intermediate-risk disease and
those receiving PBSCs, 10/10 MUD HCT was associated with higher
TRM and lower survival.16 In our analysis, we tested for interactions
between the donor type and all other covariates and did not observe an
association. Possible explanations include differences in how disease
risks were defined, inclusion of only patients with AML, and the fact
that approximately 40% of our population received RIC regimens
(which would lower TRM). In addition, approximately 80% of patients
in the present study received PBSCs compared with 50% in the study by
Woolfrey et al,16 which may limit the power of our analysis to discern
differences based on graft source.

In a multicenter prospective study, 236 standard risk patients
with acute leukemia (74%), myelodysplasia (8%), and CML (18%)
underwent allogeneic HCT with myeloablative conditioning from
2000-2003 from either an MRD (n ! 181) or a 10/10 MUD
(n ! 55).22 Again, despite differences in characteristics and trial
design compared with our study, neither mortality (MUD vs MRD,
HR ! 1.08; 95% CI, 0.64-1.81) nor LFS (HR ! 1.09; 95% CI,
0.69-1.73) differed significantly among the donor groups.22

Figure 4. Adjusted probability of overall survival in 2223 adult AML patients by
donor type.

Table 5. Adjusted probability of survival in adult AML patients who underwent HLA-identical sibling (MRD) HCT or 8/8 or 7/8 matched
unrelated donor (MUD) HCT at 6 mo, 1 y, 2 y, and 3 y

MRD, % (95% CI) 8/8 MUD, % (95% CI) 7/8 MUD, % (95% CI) 8/8 MUD vs MRD, P* 7/8 MUD vs MRD, P* 7/8 MUD vs 8/8 MUD, P*

@ 6 mo 71 (67-75) 67 (65-70) 60 (55-64) .09 " .001 .005

@ 1 y 53 (49-57) 52 (50-55) 47 (42-51) .73 .04 .04

@ 2 y 42 (38-46) 42 (39-44) 40 (35-44) .90 .51 .52

@ 3 y 37 (33-41) 37 (34-40) 36 (31-41) .97 .76 .71

*Point-wise pairwise comparison.

Table 6. Causes of death in adult AML patients who underwent
HLA-identical sibling (MRD) HCT or 8/8 or 7/8 MUD HCT

Cause, n (%) MRD 8/8 MUD 7/8 MUD

Missing 6 (1.5) 7 (" 1) 3 (1)

Graft rejection 1 (" 1) 8 (1) 0

Infection 39 (10) 109 (14) 55 (20)

Interstitial pneumonitis 7 (2) 23 (3) 10 (4)

ARDS 4 (1) 20 (3) 2 (" 1)

GVHD 44 (11) 98 (13) 44 (16)

Primary disease 216 (54) 362 (47) 102 (37)

Organ failure 40 (10) 63 (8) 26 (9)

Secondary malignancy 5 (1) 5 (" 1) 1 (" 1)

Hemorrhage 9 (2) 10 (1) 2 (" 1)

Accidental death 1 (" 1) 1 (" 1) 0

Vascular 2 (" 1) 4 (" 1) 3 (1)

Toxicity 0 25 (3) 5 (2)

Other cause 23 (6) 38 (5) 22 (8)

Total 397 773 275

ARDS indicates acute respiratory distress syndrome.
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LFS

In univariate analysis, the 1-year probability of LFS was higher in the
MRD group than in the MUD groups, but at 3 years, the LFS probability
did not differ significantly among the 3 study groups (Table 2).

In multivariate analysis, the risks of treatment failure (death or
relapse, the inverse of LFS) were similar with 8/8 MUD transplan-
tation (HR ! 0.98; 95% CI, 0.86-1.12) and with 7/8 MUD
transplantation (HR ! 1.02; 95% CI, 0.86-1.20) compared with
MRD transplantation (Table 3). Other adverse covariates that were
significant in the final LFS model include: lower KPS, advanced
disease status at transplantation, high-risk cytogenetics, and AML
arising from myelodysplastic syndrome.

Three-year probabilities of LFS, adjusted for other significant
variables in the multivariate models, were 32% (95% CI, 29-36),
35% (95% CI, 32-37), and 34% (95% CI, 30-39) after MRD, 8/8
MUD, and 7/8 MUD transplantation, respectively (Figure 3).

Survival

In univariate analysis, the 1-year probability of survival was higher
in the MRD group than in the 7/8 MUD group, but at 3 years, the
survival probability did not differ significantly among the 3 study
groups (Table 2).

In multivariate analysis, the risk of mortality with 8/8 MUD
transplantation was similar to the risk with MRD transplantation
(HR ! 1.03; 95% CI, 0.90-1.17). The relative risk of mortality for
7/8 MUD transplantation patients versus MRD transplantation
differed according to the posttransplantation time period. The risk
was higher with 7/8 MUD transplantation in the first 6 months after
HCT (HR ! 1.40; 95% CI, 1.15-1.70), but was similar thereafter
(HR ! 0.88; 95% CI, 0.69-1.12; Table 4). Other adverse covariates
that were significant in the final survival model included: age
greater than 50 years, lower KPS, advanced disease status at
transplantation, and high-risk cytogenetics.

Three-year probabilities of survival, adjusted for other signifi-
cant variables in the multivariate models, were 37% (95% CI,
33-41), 37% (95% CI, 34-40), and 36% (95% CI, 31-41) after
MRD, 8/8 MUD, and 7/8 MUD transplantation, respectively
(Figure 4 and Table 5).

Causes of death

Table 6 summarizes the reported causes of death by donor type. The
most common cause of death in all 3 groups was leukemia relapse.
There were somewhat higher proportions of deaths from infection
and/or GVHD in the MUD groups.

Discussion

The recent passage and subsequent reversal of legislation in
Arizona that eliminated coverage of MUD transplantation for adult
Medicaid patients highlighted significant uncertainty about the
safety and efficacy of unrelated donor transplantation.6,7 In the
present study, we compared transplantation outcomes after MRD,
8/8 MUD, and 7/8 MUD HCT in adults with AML in contemporary
practice. We chose to study AML because it is the most common
indication for which allogeneic HCT is performed,32 and because it
is a disease in which patients with intermediate- and high-risk
cytogenetics were demonstrated to benefit from MRD transplanta-
tion over nontransplantation therapy in single studies30,33-35 and in
pooled analyses of prospective clinical trials.36,37

Our sample included 2223 patients; 28% received MRD HCT,
54% received 8/8 MUD HCT, and 18% received 7/8 MUD HCT.
Despite higher rates of acute GVHD in both MUD groups
compared with MRD HCT recipients (Table 2), neither 3-year
overall survival nor 3-year LFS rates differed significantly among

Figure 2. Adjusted probability of relapse in adult AML patients by donor type.

Figure 3. Adjusted probability of LFS in 2223 adult AML patients by donor type.

Figure 1. Adjusted probability of TRM in adult AML patients by donor type.

Table 4. Multivariate analysis for survival in adult AML patients who
underwent HLA-identical sibling (MRD) HCT or 8/8 or 7/8 MUD HCT
from 2002-2006 in the United States

Death, RR (95 % CI) P

8/8 MUD vs MRD 1.03 (0.90-1.17) .62

7/8 MUD vs MRD
Early (! 6 mo after HCT) 1.40 (1.15-1.70) " .001

Late (# 6 mo) 0.88 (0.69-1.12) .30

7/8 MUD vs 8/8 MUD
Early (! 6 mo after HCT) 1.35 (1.13-1.62) " .001

Late (# 6 mo) 0.85 (0.68-1.07) .17

Factors that were significant in the final model include recipient age, KPS,
disease status at transplantation, and cytogenetic findings at diagnosis.
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“cold ischemia” time on transplant outcomes are unknown, but are
unlikely to weigh in favor of unrelated over haplo grafts.

None of the financial and logistical advantages of related haplo
donors over unrelated donors would matter if hematopoietic stem
cell transplants from MUDs produced better outcomes. Table 2
shows a number of published, retrospective comparisons of the
2 donor types and, frankly, it is hard to see an advantage of
the unrelated donor option. A reasonable interpretation of the
data is that haplo stem cell transplantation (SCT) with high-dose,
posttransplantation cyclophosphamide (PTCy) is associated with
similar overall and progression-free survivals as with MUD SCT,
but with perhaps less chronic GVHD. Indeed, a recent study of
lymphoma patients receiving either haplo SCT with PTCy or HLA-
matched sibling SCT came to the same conclusion.12 It may be
argued that the comparison is unfair because the haplo transplants
used PTCy, whereas the MUD transplants did not. Support for this
argument comes from recent reports showing good survival and low
incidence of chronic GVHD after MUD SCT with PTCy.13,14 So, it
may turn out that PTCy is the great equalizer of adult stem cell

sources by abolishing the detrimental effect of HLA or minor
histocompatibility mismatches on the outcome of allogeneic SCT.15

Concerns have been raised about a higher frequency or worse
prognosis of specific complications of haplo SCT or of PTCy, but
data so far are reassuring. For example, loss of mismatched HLA
occurs in one-third of relapses after haplo SCT, but these relapses
have the same prognosis as classical relapse with retention of
mismatched HLA.16 Also, donor stem cells are exposed to the
potentially mutagenic effects of PTCy, but in 1 report there were
only 5 cases of donor-derived malignancy among 790 recipients of
allogenic SCT with PTCy.17

Some might say that a prospective, phase 3 trial that randomizes
patients to haplo plus PTCy vs MUD is required to establish which
donor type is “better.” I would argue that such trials are useful
for comparing drugs of fixed chemical composition but are inade-
quate for comparing specific ingredients (haplo vs MUD) of a recipe
(conditioning regimen, donor type, stem cell collection method,
GVHD prophylaxis). The loser will always claim that the trial results
are obsolete because a better recipe is available. Better to let the
market decide.

The foregoing discussion should not be cause for despair among
advocates of unrelated donor SCT. If HLA matching is no longer the
paramount consideration in donor selection, then perhaps other
characteristics, such as non-HLA genes or donor age, may come to
the fore. For instance, an HIV-infected patient may benefit from a
partially HLA-mismatched SCT from an unrelated donor who lacks
the CCR5 receptor. An older patient without children may do better
with a young, partially HLA-mismatched unrelated donor than with
an older, HLA-haploidentical sibling. Rather than squabble over
which is the best donor source, transplant physicians should take

Table 1. Logistical comparison of related haplo vs HLA-matched
unrelated donors

MUD Haplo

Donor availability 20%-80%18 .95%

Time to graft acquisition Slower Faster

Time between collection and infusion Longer Shorter

Ease of repeat donations Harder Easier

Table 2. Retrospective comparisons of outcomes of haplo SCT plus posttransplantation cyclophosphamide vs MUD SCT

Reference RIC or MAC N aGVHD II-IV (%) cGVHD (%) NRM (%) Relapse (%)
Overall

survival (%)
Event-free
survival (%)

AML 6 MDS Haplo MUD Haplo MUD Haplo MUD Haplo MUD Haplo MUD Haplo MUD Haplo MUD

19 MAC 104 1245 16 33‡ 30 53‡ 14 20 44 39 45 50 42 41

RIC 88 737 19 28* 34 52† 9 23‡ 58 42† 46 44 33 35

20 RIC 32 108 — — — — 24 25 33 23 — — 43 42

21 Mix 52 88 40 36 10 9 27 27 29 43 42 37 44 30

22 Mix 62 21§ 40 19 6 5 22 16 31 26 53 58 — —

Hodgkin lymphoma

23 RIC 28 38 43 50 35 63 9 8 40 63 58 58 51 29*

Non-Hodgkin lymphoma

24 RIC 185 491 52 60 15 62‡ 17 22 36 28 60 62 47 49

25 RIC 26 28 — — 15 29 15 27 19 7 77 71 65 68

Mix

26 Mix 92 43 14 21 15 22 18 33 35 23 52 43 43 36

27 MAC 30 32 43 63 56 69 3 16 24 28 78 62 73 56

28 RIC 54 59 63 53 32 20 30 29 44 49 — — 26 22

29 RIC 31 63 23 44* 13 24 10 34 23 31 70 51 67 38*

30 Mix 116 178 41 48 31 47† 17 16 29 34 57 59 54 50

Significant differences are shown in bold type: *.01 # P # .05; †.001 # P , .01; ‡P , .001.
aGVHD, acute graft-versus-host disease; AML, acute myeloid leukemia; cGVHD, chronic graft-versus-host disease; NRM, nonrelapse mortality; RIC, reduced intensity conditioning (includes

nonmyeloablative conditioning); MAC, myeloablative conditioning; MDS, myelodysplastic syndrome.
§Mixture of matched sibling and MUD transplants.
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This article has a companion Counterpoint by Shaw.

When a person seeks to purchase a product in the marketplace, be it a car or an apple, 2 product
characteristics are decisive: price and quality. If a customer perceives 2 varieties of apples to be of equal
quality, then the cheaper variety will be preferred and purchased. For patients who lack an HLA-matched
sibling donor, bone marrow transplant physicians often must choose between a well-matched unrelated
adult donor (MUD) or an HLA-haploidentical (haplo) relative. In the past, the choice was fairly easy:
outcomes after transplantation using MUDs approached those from matched sibling donors1-3 and both
donor types were easily superior to the poor survivals seen using haplo donors.4 However, haplo
transplant outcomes have improved dramatically with modern methods of graft-versus-host disease
(GVHD) prophylaxis including the combination of antithymocyte globulin, cyclosporine, methotrexate,
and mycophenolate mofetil5 or high-dose, posttransplantation cyclophosphamide.6 It is now possible to
say that haplo donors are a better choice than MUDs because grafts from haplo donors offer the same or
better quality at a lower price than grafts from MUDs.

Unrelated donor stem cell grafts are more expensive than related donor stem cell grafts because of the
costs associated with maintaining unrelated donor registries, performing searches, and providing the
logistics to get the donor to a transplant center and the graft to the patient. Fortunately, the cost of
acquiring unrelated donor stem cells is not a barrier to transplantation in much of the developed world,
and unrelated donor transplants outnumber transplants from related donors in the United States7 and in
Europe.8 However, the fact remains that many developing countries have not established registries of
unrelated donors because of the associated costs, and these countries benefit substantially from the
haplo donor option.

Table 1 lists other practical advantages of haplo over unrelated donors. The most salient advantage of
the haplo donor option is donor availability. There is significant ethnic variation in the availability of
unrelated donors, ranging from about 19% for African Americans to 80% or more for Caucasians
of Northern European origin. In contrast, nearly all patients have an available haplo donor because all
biologic parents and children of a patient are haplo and each sibling or half-sibling has a 50% chance of
being haplo. The major limitation to the availability of haplo donors is the presence of antidonor HLA
antibodies, usually in parous women against paternal HLA antigens present in the children.9 Even if such
antibodies are present, they can oftentimes be removed by a desensitization procedure to permit
transplantation.10 Haplo donor availability increases further if one considers transplantation from
extended family members such as aunts, uncles, nieces, and nephews, who on average have a 50%
chance of being haplo, or cousins, who have a 25% chance of being haplo.

Some patients need to get to transplant quickly because their remission is not expected to last or
because their health status is precarious and likely to deteriorate. In such circumstances, the transplant
is considered urgent and there is a need to obtain and infuse the product as quickly as possible. There
has been a dramatic improvement in the speed with which unrelated donor transplantation registries can
mobilize donors for transplantation, but delays are unavoidable. We simply do not know how many
patients become ineligible for transplantation while waiting for a MUD graft to arrive. In 2008, more than
34 000 patient searches were initiated for a stem cell donor, but only 9747 patients received an
unrelated adult donor stem cell transplant.11 It seems reasonable to assume that some of the patients
did not make it to transplant because a suitably matched donor could not be identified and mobilized in
time. In contrast, haplo donors are readily available and usually are highly motivated to donate to their
family member, especially in the case of parent-to-child transplantations. The logistical advantages of
related over unrelated donors extend to subsequent cellular therapies, such as donor lymphocyte
infusion to treat posttransplantation relapse. Finally, unrelated donor products must be shipped to their
destination and can degrade between the time of collection and the time of infusion. The effects of
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Allogeneic hematopoietic SCT (Allo-HSCT) using reduced-intensity
conditioning (RIC) and non-myeloablative conditioning (NMAC)
can be curative for patients with high risk or recurrent
hematologic cancers including non-Hodgkin lymphoma (NHL).1–3

Matched related donors (MRDs) are currently the preferred choice
for Allo-HSCT, however, as most patients lack a MRD, the search
for an alternative hematopoietic cell source increasingly includes
unrelated donors (UDs), unrelated cord blood and eventually
haploidentical related donors (HRDs). A newly developed
approach for HRD Allo-HSCT using T-cell-replete BM grafts in
combination with post-transplantation CY treatment to prevent
GVHD and graft rejection has demonstrated promising results,
including low rates of non-relapse mortality (NRM) and severe
GVHD.4–7 The aim of this report is to compare HRD with UD and
MRD in a retrospective cohort of chemosensitive NHL patients.
All patients selected were in CR or PR at the time of

transplantation. Refractory patients (defined as patients who were
progressive on therapy or who experienced relapse within
6 months after first line therapy or first relapse therapy) were
included if they were chemosensitive.
NMAC regimen in HRD Allo-HSCT consisted of fludarabine

(30 mg/m2) from day − 6 to day − 2, pre-infusion CY (14.5 mg/kg)
on day − 6 and − 5, and low dose TBI (2 Gy) on day − 1. GVHD
prophylaxis consisted of CY (50 mg/kg) total on days +3 and +4,
CyA starting at 3 mg/kg i.v. from day +5 and changed to b.i.d. (oral
dosing) as soon as tolerated, and mycophenolate mofetil, 15 mg/
kg/j starting on day +5 and discontinued on day +35. Allo-HSCT
from UD and MRD RIC consisted of fludarabine (30 mg/m2) from
day − 6 to day − 2, pre-infusion, i.v. BU (130mg/m2 on days − 4
and − 3) and antithymocyte globulin (ATG, 2.5 mg/kg) on days − 3
and − 2. GVHD prophylaxis consisted of CyA alone starting
on day − 1.
Antibacterial prophylaxis consisted of amoxicillin 500 mg t.i.d.

Pneumocystis carinii pneumonia prophylaxis included
trimethoprim-sulfamethoxazole twice weekly before transplanta-
tion and as soon as the ANC exceeded 0.5× 109/L. Prophylaxis
against HSV included i.v. administration of acyclovir or oral
administration of valacyclovir. Fungal prophylaxis consisted of
fluconazole, 400mg per day. Filgrastim (5 μg/kg) was adminis-
tered daily, starting on day +5 and continued until neutrophil
engraftment only for patients receiving HRD Allo-HSCT.
End points analyzed included acute GVHD, chronic GVHD

staged with NIH criteria,8 OS, PFS, survival without relapse or
severe chronic GVHD9 and cumulative incidences of relapse and
NRM. Infectious complications were registered as they led to
treatment or hospitalization.
Between January 2009 and October 2013, 79 patients with a

median age of 55 years were included in two centers, Institut Paoli

Calmettes (Marseille, France) and Humanitas Cancer Center
(Rozzano, Italy). A total of 26, 28, and 25 patients were
transplanted with a HRD, UD and MRD.
The median follow-up was 27 months (range 9–67). Patient

characteristics are summarized in Table 1. In the UD group, three
patients had an HLA mismatch on one allele. Half of the patients in
the HRD group received non-manipulated BM as the stem cell
source and the remaining half received PBSC as did all the UD
patients. Patient’s characteristics were well balanced between the
three groups but patients transplanted with UD were older (61
years old) than the remaining patients (53 (HRD) and 55 (MRD)
years old, (P= 0.007 and P=NS, respectively)) and median follow-
up was shorter in the HRD group (22 months) than in the MRD
group (34 months, P= 0.005) and the UD group (33 months,
P= 0.05).
For the entire cohort, grade 2–4 and grade 3–4 acute GVHD

incidences were 34% and 15%, respectively, without any
significant difference among the three groups of patients. In the
entire cohort, 1-year incidence of overall chronic GVHD and severe
chronic GVHD was 24% and 10%, respectively. Overall, chronic
GVHD rate in the HRD group was 15% as compared with UD (29%
(P=NS)) and MRD (29% (P=NS)). Furthermore, in the HRD group,
no patient developed severe chronic GVHD compared with 21% in
the UD group (P= 0.01) (Figure 1a) and 4% in the MRD group
(P=NS).
Two-year OS and PFS were 77% and 71%, respectively, for the

entire cohort without any significant difference among the three
groups (77% and 65% (HRD), 71% and 68% (UD), and 83% and
80% (MRD) for OS and PFS, respectively). Survival rate without
relapse or severe chronic GVHD was 10% higher in the HRD group
(65%; Figure 1b) and in the MRD group (66%) in comparison with
the UD group (54%, P=NS). Relapse incidence was 15%, for the
entire cohort without any significant differences (19% vs 7% vs
20% for HRD, UD and MRD, respectively, P=NS). In the HRD group,
15% of patients died of NRM compared with 27% in the UD group
(P=NS), whereas no patients in the MRD group died of toxic
complication (P= 0.04 and 0.007, respectively). NRM in the UD
cohort was related to acute or chronic GVHD in every case,
whereas no death was related to GVHD in the HRD cohort.
Bacterial infection rate was 65% in the HRD group and 60% in

the UD group (P=NS), whereas patients in the MRD group had a
20% rate (P= 0.001 and P= 0.004 respectively). There was no
statistical difference for CMV reactivation between the three
groups (42%, 28% and 28% in the HRD, UD and MRD cohorts,
respectively). We observed three cases of probable pulmonary
invasive aspergillosis (two cases in the HRD group and one case in
the UD group); 2 BK virus hemorrhagic cystitis (one case in the UD
and one in the MRD group). We also noticed one lethal
documented case of progressive multifocal leukoencephalopathy,
in the HRD group.
This report of advanced NHL patients who underwent a first

Allo-HSCT with HRD, UD or MRD donor conditioned by
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homogeneous RIC/NMAC shows encouraging results in this aged
and heavily pretreated population of patients confirming efficacy
of RIC Allo-HSCT in NHL recently reported.1

The incidences of both acute and chronic GVHD are lower in the
three groups of patients than in previously reported series of NHL
Allo-HSCT.2,3 In our experience, the two strategies used for GVHD
prevention in HRD and in UD/MRD groups are effective. In the
HRD cohort, post-infusion CY has been shown to reduce
alloreactive T-cells involved in GVHD and graft rejection.5–7,10,11

In the UD and MRD cohorts, we note that intermediate dose of
ATG represents an effective GVHD prophylaxis, although preser-
ving disease control. Strikingly, in our series of patients severe
chronic GVHD is lower in the HRD group than in the UD group.
Our results concerning GVHD confirm data reported in literature
about unmanipulated HRD Allo-HSCT with NMAC and post-
infusion CY in NHL.5,6,12 The impact of GVHD on quality of life of
survivors is a matter of concerns in many recent studies.13,14

Thereby, we have previously elaborated a composite end point
that evaluates survival without relapse or severe GVHD.9 We note
that, even if it was no statistically different, this estimate was 10%
higher in the HRD group in comparison with the UD group of
patients.
Moreover, with a minimum follow-up of 9 months in the three

groups of patients and median follow-up of 27 months for the
whole cohort (22 months in the HRD cohort), T-replete HRD Allo-
HSCT and post-infusion CY does not seem to be associated with a
higher rate of relapse in comparison with HLA-identical

Table 1. Patients and diseases characteristics

All patients (n= 79) HRD (n=26) UD (n=28) MRD (n= 25) P-value

Sex NS
Male (%) 49 (62%) 16 (62%) 21 (75%) 14 (56%)

Age 0.007a and 0.03b

Median (range) 55 (19–69) 53 (19–64) 61 (21–69) 55 (27–67)

Histologies NS
Indolent NHL (%) 16 (20%) 6 (23%) 8 (29%) 2 (8%)
FL 13 5 6 2
MZL 3 1 2 0

Agressive NHL (%) 63 (79%) 20 (77%) 20 (71%) 23 (92%)
DLBCL(DLBCL II) 18(6) 5(1) 5(3) 8(2)
T-cell NHL 31 11 5 15
MCL 14 4 10 0

HCT-CI NS
0–2 38 (48%) 9 (35%) 16 (57%) 13 (52%)
3 or more 38 (48%) 16 (62%) 12 (43%) 10 (40%)
unknown 3 (4%) 1 (4%) 0 2 (8%)

Lines of treatment before Allo-HSCT NS
Median (range) 3 (1–10) 3 (1–10) 3 (1–6) 2 (1–5)

History of auto HSCT NS
No 24 (30%) 10 (39%) 4 (14.3%) 10 (40%)
Tandem 24 (30%) 5 (19%) 11 (39.3%) 8 (32%)
Relapse after auto HSCT 31 (40 %) 11 (42%) 13 (46.4%) 7 (28%)

Chemorefractory disease NS
Primary refractory 20 (25%) 8 (31%) 5 (18%) 7 (28%)
Refractory relapse 10 (13%) 3 (11.5%) 3 (11%) 4 (16%)

Disease status at transplantation NS
CR 61 (77%) 18 (69.2%) 22 (79%) 21 (84%)
PR 18 (23%) 8 (31%) 6 (20 21%) 4 (16%)

Abbreviations: DLBCL, diffuse large b-cell lymphoma; DLBCL II, secondary DLBCL; FL, follicular lymphoma; HCT-CI, hematopoietic cell transplantation
comorbidities index, NHL, non-Hodgkin lymphoma MCL, mantle-cell lymphoma, MZL, marginal zone lymphoma, NS, non-significant. aIndicates significant
difference between HRD and UD. bBetween UD and MRD.
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Figure 1. Cumulative incidence of severe chronic GVHD (a) and
survival without relapse or severe chronic GVHD (b) for HRD and UD
groups.
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NRM        15% vs 21% UD 
cGvHD     15% HDR vs 29% UD 

* The median follow-up was 27 months (range 9–67)



the donor. Sixteen patients (73%) had serum available for
testing in the initial samples, and 21 patients (95%) had
serum available in the subsequent samples for C1q evalua-
tion. At the time of initial testing, 9 of 16 patients (56%) were
C1q-positive patients, with a median DSA level of 15,279 MFI
(range, 1554 to 28,615), compared with 7 C1q-negative pa-
tients, who had a median DSA level of 2471 MFI (range, 664
to 12,254) (P ¼ .016).

At the time of transplant, 5 of 9 patients who were pos-
itive at initial testing remained C1q positive. All 5 of these
C1q-positive patients had DSA levels > 5000 MFI (median,
15,279; range, 6487 to 22,944), and all experienced GF.
Conversely, all 4 patients whowere initially C1q positive and
became C1q negative at transplant experienced engraftment
of donor cells. A significantly higher percentage of C1q-
positive patients experienced GF compared with C1q-
negative patients (P < .001, Table 2). The median time to
engraftment for C1q-negative patients was 18 days; how-
ever, for C1q-positive patients the median time to engraft-
ment was not reached because less than 50% of those
patients engrafted.

As shown by Figure 3, the distributions of numerical DSA
value in the C1q-positive and C1q-negative patients were
very different, with on average much higher DSA values in
the C1q-positive patients. Because of this strong association
between DSA and C1q status, to assess effects of these vari-
ables and other patient covariates on the probability of GF,
Prob(GF), a Bayesian logistic regression model was fit
including terms for DSA within each C1q status subgroup,
type of pretransplant Tcell depletion (Tcell depleted versus T
cell replete with post-transplant cyclophosphamide), age,
gender, race, and diagnosis. The fitted model, summarized in
Table 3, shows that higher DSA was significantly associated
with a larger Prob(GF) in C1q-positive patients, with Pr(b> 0
j Data) ¼ .95, and was moderately significantly associated
with a smaller Prob(GF) in C1q-negative patients. No other
covariates had a significant effect on Prob(GF).

The joint effect of DSA and C1q status was assessed
similarly in the subgroup of 17 DSA-positive patients who
received T cell replete graft but without additional covariates
included in the model because of the small subsample size.
The fitted model, summarized in Table 4, shows that the
significant association of higher DSA with a larger Prob(GF)
in C1q-positive patients persisted in this subgroup, with Pr(b
> 0 j Data)¼ .98. It thus appears that the deleterious effect of
higher DSA in C1q-positive patients may be general and not
dependent on type of graft-versus-host disease prophylaxis.

Treatment of Patients with DSA and Transplant
Outcomes

We initially adopted a multimodality treatment strategy
similar to that used in solid organ transplantation in an
attempt to decrease antibody levels before the beginning of
transplant conditioning chemotherapy and achieve engraft-
ment in allosensitized recipients using the PE/R/IVIG
regimen [5], as described in Methods. Because this treatment
appeared to be only partially effective, we added infusion of
an irradiated buffy coat prepared 24 to 48 hours in advance
from a unit of donor peripheral blood and infused 1 day
before the infusion of stem cells, hypothesizing that infusion
of HLA antigens from the same donor would clear C1qþDSA
and promote engraftment of donor cells.

Of the 22 patients with DSA, 10 (45%) received no
desensitization treatment, whereas 12 patients (55%)
received desensitization treatment with PE/R/IVIG alone (n¼
7) or the same treatment plus the addition of buffy coat
infused on day#1 (n¼ 5). In the untreated group, 2 of 6 C1q-
positive patients remained C1q positive at transplant and
experienced GF (1 patient had no serum left for testing, had
high DSA levels of 11,283 MFI in the initial sample, and
experienced GF), 5 of 7 patients in the desensitization alone
group were C1q positive in initial samples, and 3 remained
positive at transplant, and all experienced engraftment fail-
ure. In the buffy coat group, 2 of 5 patients were C1q positive,
and both became negative before stem cell infusion and
achieved engraftment of donor cells. In summary, all 5 pa-
tients who remain C1q positive after treatment/before
transplant experienced engraftment failure, whereas all 4

Table 2
Associations between GF, C1q Status, and Treatment

Covariate GF Fisher’s
Exact
Test PYes

(n ¼ 7)
No
(n ¼ 15)

C1q at transplant, n (%) .0003
Positive 5 (100) 0
Negative 1 (6) 15 (94)
Nonassessable 1 0

DSA levels at transplant, n (%) .0039
>5000 7 (64) 4 (36)
$5000 0 11 (100)

Treatment, n (%) .14
None 3 (30) 7 (70)
Desensitization alone 4 (57) 3 (43)
Desensitizationwith buffy coat 0 5 (100)

GF indicates graft failure; DSA, donor-specific anti-HLA antibodies.

Figure 1. Probability of engraftment in patients by DSA status (A) and C1q
status (B).

S.O. Ciurea et al. / Biol Blood Marrow Transplant xxx (2015) 1e74

Complement-Binding Donor-Specific Anti-HLA Antibodies and Risk of Primary Graft Failure in Hematopoietic Stem Cell Transplantation. Biol Blood Marrow Transplant. 2015 Aug;21(8):1392-8.
The European Society for Blood and Marrow Transplantation (EBMT) Consensus Guidelines for the Detection and Treatment of Donor-specific Anti-HLA Antibodies (DSA) in Haploidentical 
Hematopoietic Cell Transplantation. Bone Marrow Transplant. 2018 May;53(5):521-534.

How do we treat patients with DSA before
transplant?

Transplantation using hematopoietic stem cells from a
donor without corresponding HLA antigens is an ideal
option for patients with the presence of circulating DSA
since it has been shown in several studies that anti-HLA
antibodies directed against other HLA antigens than the
donor’s HLA antigens do not increase the risk of PGF [33,
40]. However, this might not always be possible due to the
limitation in donor availability and an urgent need to pro-
ceed to transplant. To reduce the risk of PGF, several
desensitization methods have been used to decrease total
antibody load to levels that would permit successful donor
stem cell engraftment.

These strategies to desensititize patients with DSA are
classified into the following 4 strategies: (1) antibody
removal by using plasmapheresis or immunoabsorption; (2)
inhibition of antibody production by using monoclonal
antibodies to CD20+ B lymphocytes (rituximab), and
proteasome inhibitor against alloantibody producing plasma
cells (bortezomib); (3) antibody neutralization using intra-
venous immunoglobulin (IVIg), or with donor HLA anti-
gens (platelet transfusions or white blood cell infusion in
the form of an irradiated “buffy coat”); and (4) inhibition of
complement cascade (Table 2). These desensitization
methods are based on experiences in solid organ trans-
plantation [79–83]. Some of these interventions have also
been used in HHCT and mismatched donor hematopoietic
stem cell transplantation. However, most of the published
data regarding transplant outcomes in AHCT patients
receiving these desensitization methods are case reports or
small studies with limited number of patients and variety of
graft outcome (Table 3) [34, 37, 69, 84–87]. Plasmapheresis
is the most common method of desensitization used in both
solid organ and AHCT patients. The use of plasmapheresis

for desensitization in HHCT patients was first described by
Barge et al. Though, using plasmapheresis alone in this
study did not effectively prevent GF, as the patient subse-
quently experienced GF and death [69]. Therefore, the more
recent protocols were the combination of plasmapheresis
and other methods, which aim to inhibit antibody produc-
tion and antibody neutralization. In the initial study by
investigators from MDACC, the combination of plasma-
pheresis, IVIg and rituximab was used to treat 4 HHCT
patients with DSA, 1 patient developed GF with persistent
high DSA levels, while 3 engrafted, 2 of them in the
absence of DSA [13]. Some of the most impressive
reductions of DSAs were achieved by using 40 units of
platelet transfusion from healthy donors selected to have the
HLA antigens corresponding to the DSAs [37, 88]. Yosh-
ihara et al. have tried 3 desensitization approaches for 5
patients who were to receive either bone marrow and per-
ipheral blood stem cell grafts from haploidentical donors.
Treatment regimen in this study was a combination of
plasmapheresis, rituximab, antibody adsorption with plate-
lets and administration of the proteasome inhibitor, borte-
zomib. One of the 2 patients treated with plasmapheresis
and rituximab received plasmapheresis on day −11 and the
other received plasmapheresis on days −17, −15, and −13.
Both were given a single dose of rituximab at 375 mg/m2.
DSA reduction was achieved in only 1 of the 2 patients;
however, both engrafted [37]. In a case report by Yamashita
et al., one patient who developed DSA after the first AHCT
from cord blood stem cells was treated with a single dose of
rituximab 375 mg/m2 on day −10, IVIg 5 g per day for
4 days (day −8 to −5), and 20 units of platelets from
healthy donor who had HLA corresponding to DSA 6 h
before undergoing second transplant from haploidentical
donor. The serum MFI level was reduced significantly at the
end of the platelet transfusion and donor neutrophil
engraftment was successfully achieved [88]. However,
using platelet transfusions can only absorb DSA specific to
class I HLA antigens, as platelets have only class I HLA
antigens on their surface. In the updated study, the MDACC
group infused an irradiated “buffy coat” prepared from 1
unit of blood which was infused to 5 HHCT patients with
DSA on transplant Day −1, in addition to 3 doses of
alternating plasmapheresis every other day followed by 1
dose of IVIg and rituximab. The “buffy coat” containing all
donor HLA antigens can potentially bind the DSA specific
to both class I and II donor HLA antigens. The buffy coat
infusion resulted in C1q negativity in two previously C1q-
positive patients and all of them were engrafted with the
donor cells successfully, even though the reduction of DSA
level was not immediate. Delay in clearance of DSA in most
patients over the next few weeks after treatment has been
reported both by the MDACC and Hopkins groups [34].
The MDACC desensitization protocol is shown in Fig. 2.

Table 2 Various desensitization strategies employed to date

Strategy Method

Antibody removal Plasmapheresis

Immunoadsorption

Antibody neutralization/enhance
the clearance of anti-HLA
antibodies

Intravenous immunoglobulin

Donor platelets or “buffy coat”
(white blood cells) infusion

Inhibition of antibody
production

Anti-CD20+ B cells monoclonal
antibody: rituximab

Proteazome inhibition:
bortezomib

Splenectomya

Complement cascade blockage Anti-C5a: Eculizumaba

Intravenous immunoglobulin

aNot used in hematopoietic stem cell transplantation to date
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donors available. We report the important finding that
younger donor age is the only tested donor characteristic con-
sistently associated with better survival across both transplant
cohorts studied. Although we were able to generate a donor
score in the first training set, this was not validated in the
testing set. In the most recent cohort, we were not able to
develop a score because the only donor factor associated with
recipient survival was donor age. We believe that these find-
ings explain the variability in the literature with regards to
the impact of donor factors on survival. In addition, these find-
ings provide a significant clinical advance to the field in
simplifying donor selection and providing clear priorities to
URD registries.

Previous URD studies have reported a survival advan-
tage for recipients receiving a transplant from a younger donor
[1,3,5,21-23]. These studies searched for a threshold for donor
age above which recipient survival was worse, and re-
ported cutoffs of 30 to 39 years of age. In our study, we found
a linear effect of age, such that for every additional year of
donor age the recipient survival was worse. An important dif-
ference between our study and several others [1,3,5], is that
we included only 8/8 HLA-matched donors. Although other
studies did adjust or control for HLA matching status (with
a persistent impact of donor age on survival), it is known that
patients receiving cells from older donors have less common
HLA genotypes [1], and that there is a correlation between
older donor age and higher rates of HLA mismatch [5]. Here
we have removed any unmeasurable impact due to this
variable.

Questions about the quality of “aging” hematopoietic stem
cells have been raised [24], and mechanisms have been ex-
trapolated from mouse models. There is evidence that the
hematopoietic stem cells pool in fact expands as aging occurs,
with normal reconstitution of the hematopoietic stem cells
compartment when these cells are transplanted into lethal-
ly irradiated mice, although individual cellular function is
compromised/reduced with increased DNA damage. Addi-
tionally, these cells show an increasing myeloid bias [25,26],

and clonal hematopoiesis has been shown to increase with
age [27]. Genome-wide expression studies show upregulation
of multiple genes involved in inflammatory pathways [25].
Finally, through microenvironment-driven reduction in pre-B
cells and curtailment of naive T cell development following
thymic involution, the lymphocyte compartment numbers can
only be maintained by homeostatic proliferation with antigen-
experienced cells leading to a reduction in tolerance to
recipient antigens [26,28].

A clear difference in the causes of death for recipients
based on their donors’ ages has not been reported. Some
studies [29,30] have shown an increase in graft failure after
transplantation from older donors, even after accounting for
any differences in cell counts, but this is not true in all studies
[1]. Despite some evidence that older donors may mobilize
less well than younger donors, the lower threshold of cells
necessary for engraftment is almost always achieved [24], sup-
porting the notion that the defect is qualitative rather than
quantitative.

Studies have also shown a higher incidence of GVHD after
transplantation from an older donor [1,5], although again this
is not a consistent finding [31]. A higher incidence of GVHD
could be explained by the predominance of antigen-
experienced cells, as mentioned previously, as well as the fact
that aging itself is characterized by a state of low-level in-
flammation [32].

The variability in results in the literature of the associa-
tion of individual donor factors with survival could be explained
by the interactions between donor and recipient factors that
become apparent when large numbers of patients are studied.
For example, in this study, we found that a negative impact
of ABO matching was more pronounced in the patients trans-
planted before 2011 compared with transplants after that time,
possibly due to the higher percentage of bone marrow grafts
used in that era. We believe that differences such as these
are the main reason that we were unable to validate our orig-
inal score despite multiple attempts to understand and/or
address any bias or obvious interactions within the popula-
tion (despite the random assignments we performed). As can
be seen from the results obtained from the initial training set
(c1), the statistical impact associated with all donor charac-
teristics was relatively modest (HR, 1.08 to 1.10) and statistical
significance was lost when the derived donor selection score
was applied to the independent testing set (c1). It is clear from
Table 1 that there are significant differences in the patient,
donor, and transplant characteristics found between the 2
cohorts. For example, the increase in the age of patients at
transplant, related to the advent of reduced-intensity con-
ditioning and careful attention to comorbidities as a more
discriminatory factor than age itself. No donor factors, besides
age, were significant in the more recent patients (c2), sug-
gesting that these dramatic changes in clinical transplant
practice over recent years [33] further complicate attempts
to identify a universal donor selection profile.

Consistent with our aim of developing a score to simpli-
fy donor selection, we addressed only the outcome of survival
in this study. It is possible that separate scores could be gen-
erated to predict the risk of other important outcomes such
as graft failure or GVHD that may help to distinguish among
several potential donors. Unless the adverse donor charac-
teristics are identical for these outcomes; however, centers
will still have to prioritize the various donor characteristics
to select from a pool of potential donors.

This study has limitations. It is impossible to account
for the variability in individual transplant center donor

Figure 1. The effect of increasing donor age on 2-year survival outcomes
for the 2012 to 2014 testing cohort, c2 (with a 2-year OS of 54%). As donor
age increases (x-axis), survival decreases (y-axis).
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P5 .004) compared with the corresponding tacrolimus-containing
GVHD prophylaxis.

Discussion

With increasing numbers of transplantations being performed with
grafts from adult unrelated donors, it is critical to identify donor
characteristics associated with survival after transplantation after
adjusting for relevant patient, disease, and transplantation characteris-
tics. An early report from the NMDP identified older donors and
donor-recipientHLAdisparity to have an adverse effect on survival,3

but 4 relatively recent reports that focused on the effects of better
donor-recipient HLAmatching on survival, ie, matching at the allele
level, did not show an effect of donor age on survival.4-7 Therefore,
the current analyseswere undertaken to specifically explore potential
effects of donor characteristics on outcomes of unrelated donor
hematopoietic cell transplantation in a cohort of 10 000 recipients
with well-characterized HLA-A, -B, -C, and -DRB1 matching. The
current analyses confirm youngerHLA-matched donors had the best
survival rates after adjusting for patient, disease, and transplant
characteristics. Older donor transplantations were also associated
withhigher nonrelapsemortality but donor agewasnot associatedwith
relapse. Donor cytomegalovirus serostatus was not associated with
survival.

The importance of HLA matching is well known, and priority is
given to identifying the best available HLA-matched donor. Our
study population suggests donors.50 years are avoided, with most
transplants using donors aged 33 to 50 years in the earlier period and,
more recently, donors aged 18 to 32 years. Although we observed
higher mortality associated with blood group ABO mismatched
transplants prior to 2007, this was not the case in the more recent
cohort. The Japan Marrow Donor Program reported 1-year survival
of 63%after ABO-matched transplantation comparedwith 57%after
minor and major ABO mismatched transplantations.20 However,
hematopoietic progenitor cells do not expressABOantigens, and it is
the absence of these antigens that allows for engraftment of donor
cells in the marrow. Therefore, the mechanism leading to lower
survival with ABO blood incompatibility is not easily explained.

Asmarrow cellularity deteriorateswith age, grafts fromolder donors
yield fewer cells.21 However, we failed to see an association between
transplantationofgraftswith relatively lowcell dose and survival.Donor

registries dictate a minimum accepted cell dose, and most collections
comply with the minimum required standards. Others have studied
the association between graft cellular composition (myeloid, lym-
phoid, and activated lymphoid cells) and outcomes after transplan-
tations.22 In that report, cellular composition was not associated with
neutrophil recovery, GVHD, or survival after transplantation of bone
marrow. However, higher CD34 dose of peripheral blood grafts was
associated with better survival but had no effect on neutrophil recovery
or GVHD.18,22 Our data suggest 60% to 70% of grafts from peripheral
blood donors across the 3 age groups achieved the desired CD34 dose.

The observed higher rates of grade 2 to 4 acute GVHD after
transplantation of grafts from older donors may be explained by
replacement of naı̈ve T cells with memory T cells as the immune
system ages in the older donors.21 Donor agewas not associatedwith
chronic GVHD and consistent with other reports. Our analyses
support donor parity rather than the traditional donor-recipient sex
match combination is associated with chronic GVHD, nonrelapse
mortality, and relapse. However, any benefit from lower relapse risks
associated with transplantation of grafts from female parous donor
was negated by higher nonrelapse mortality. This differs from EBMT
reports that support higher chronic GVHD and lower survival with
transplantation of grafts from female donors to male recipients.8-10

The observed differences between the current analyses and the
EBMT reports can be attributed to differences in study populations.
The current analysis is exclusively unrelated donor transplantations
with donor-recipient HLA matching at the allele level. The EBMT
reports make a distinction between related and unrelated donors, but
donor-recipient HLA match, an important prognostic factor for
survival for unrelated donor transplantation, is not considered.

Various strategies are used to select an adult unrelated donor
when multiple suitably HLA-matched donors are available. Our
findings support including donor age to the selection algorithm.
Optimizing donor selection by blood ABO matching must be
studied further before definitive recommendations can be offered.
We acknowledge the likelihood of identifying a fully HLA-matched
donor for nonwhites is substantially lower than for whites, and
incorporating donor age to the selection algorithm may mitigate
some of the excess mortality associated with HLA-mismatched
transplantations. In the recent report by Gragert et al,1 the likelihood
of identifying an 8/8 or 7/8 HLA-matched donor is 97% for
European whites and 76% for African Americans. Restricting the
adult donor pool to those aged 18 to 32 years within the current
donor registry, the likelihood of identifying an 8/8 or 7/8 HLA-
matched donor shows a 3% decrement (from 97% to 94%) for
European whites and a higher decrement of 18% (from 76% to 58%)
for AfricanAmericans (M.Maiers and S. Spellman, personal commu-
nication, December 2014). Alternative donors such as unrelated
umbilical cord blood and haploidentical related donors should
ensure patients with rare HLA genotypes are not denied access to
transplantation.1,23-25

Table 5. Donor characteristics associated with survival for
transplantation period 2007 to 2011

Outcome HR (95% CI) P value

Overall survival*

Donor age (10-year increments) 1.055 (1.013-1.099) .01

Donor-recipient HLA-match

8/8 HLA-match 1.00

7/8 HLA-match 1.37 (1.25-1.51) ,.001

*Adjusted for recipient age, disease, disease status, performance score,

recipient, and cytomegalovirus serostatus.

Figure 1. Overall survival. The risk-adjusted 5-year probabilities of overall survival
were 36% (95% CI, 34-38), 33% (95% CI, 32-35), and 29% (95% CI, 25-33) for

donors aged (A) 18 to 32, (B) 33 to 50, and (C) .50 years, respectively. The
corresponding 8-year probabilities of survival were 34% (95% CI, 31-36), 31% (95%
CI, 29-32), and 27% (95% CI, 22-31).
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when comparing R-CMV1 vs R-CMV– (44% vs 45%) or D-CMV–/
R-CMV– vs D-CMV1 and/or R-CMV1 (Table 2).

Multivariate analyses for outcome

We also analyzed the impact of donor/recipient CMV serostatus on
LFS, RI, NRM, OS, neutrophil engraftment, and GVHD in a mul-
tivariate Cox regression model that included different patient and
transplant characteristics (Table 3 and supplemental Table 5). A
diagnosis of AML vs ALL, younger age, use of an HLA-identical
sibling donor, cytogenetic good risk, transplantation in first CR,
allo-SCT after the year 2004, and a large center size (.50 trans-
plants performed per year) were all associated with a significant
superior LFS and OS in multivariate analysis (Table 3 and supple-
mental Table 5). The negative prognostic impact of D-CMV1 and/or
R-CMV1 (vs D-CMV–/R-CMV–) remained in this model with a
significantly inferior LFS and OS. As in the univariate analyses,
these observations were mainly correlated with an increased NRM
and, to a lesser extent, with an increased RI. The CMV serostatus
had no significant impact on neutrophil engraftment or GVHD in
this multivariate Cox regression model. To obtain more insight into
the impact of the CMV serostatus in distinct risk groups, we
performed multivariate Cox regression analyses separately for ALL
vs AML and CMV-seronegative vs CMV-seropositive recipients,
with inclusion of additional variables (eg, cytogenetic risk groups,
different types of T-cell depletion, center size; supplemental
Table 5). These analyses confirmed the findings of univariate analyses
with a significantly reduced OS for patients with D-CMV1 and/or
R-CMV1 (vs patients with D-CMV–/R-CMV–) for both ALL and
AML. As was found in the univariate analyses, these effects were
stronger for ALL than for AML. Finally, we found that D-CMV1

had a significant negative prognostic impact amongCMV-seronegative
recipients, but not within the group of CMV-seropositive recipients in
multivariate analysis (supplemental Table 5).

Discussion

This study investigated the prognostic impact of donor/recipient
CMV serostatus in 16 628 de novo acute leukemia patients after

allo-SCT. Using univariate and multivariate analyses, D-CMV1 and/
or R-CMV1 was associated with a significant decrease in LFS and
OS, and an increase in NRM. These findings indicate that CMV
serostatus still has an important prognostic impact in patients with
acute leukemia who undergo allo-SCT, despite the wide implemen-
tation of monitoring and preemptive treatment of CMV in standard
algorithms in recent years.1-3 Analyzing different causes of death that
contribute to NRM, we further found that the 2-year probability of
death as a result of infection was significantly increased in the case of
D-CMV1 and/or R-CMV1. To obtain more insight into specific
causes of death, we also analyzed the outcome in a subgroup of 7731
patients with documented CMV reactivation status (supplemental
Table 6). Both LFS and OSwere significantly reduced in the case of
D-CMV1 and/or R-CMV1, even in patients who did not have any
CMV reactivation until day 1100 after allo-SCT. However, occur-
rence of CMV reactivation was also associated with a significantly
reduced LFS and OS if it was taken as a time-dependent covariate.
Together these observations confirm the previous hypothesis that the
virus may have direct and indirect effects.2,13,14,21

The negative prognostic impact of D-CMV1 and/or R-CMV1

was apparently stronger in ALL than in AML patients, resulting
in a 9% decline of 2-year OS in patients with ALL. Such impact
on OS is within the range of other prognostic factors that are well
established for this disease, such as patient’s age or leukocyte count
at diagnosis.22 Furthermore, the decreases in LFS and OS in the case
of D-CMV1 and/or R-CMV1 were accompanied by an increased RI
and NRM in ALL patients. Conversely, the CMV serostatus likewise
had a significant impact on NRM—but not RI—in AML patients.
Because D-CMV1 and/or R-CMV1 belong to the most important
risk factors for CMV reactivation, our findings argue against the
so-called “CMV-vs-leukemia effect,” inparticular inALLpatients.2,3,7-9

In addition, we analyzed the development of donor/recipient hema-
topoietic chimerism to elucidate further potential effects of the CMV
serostatus on RI. D-CMV1 and/or R-CMV1 was associated with a
significantly reduced frequency of complete hematopoietic donor/
recipient chimerism in both ALL and AML patients (supplemental
Table 7). The exact significance of this finding remains to be elu-
cidated because the RI after allo-SCT is determined by many other
variables in addition to hematopoietic chimerism.

Figure 1. Impact of donor/recipient CMV serostatus on OS. Impact in (A) ALL vs (B) AML.
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ABO blood group barrier in allogeneic bone marrow transplantation revisited.
Biol Blood Marrow Transplant. 2005 Dec;11(12):1006-13.

INTRODUCTION

In contrast to solid organ transplantation, alloge-
neic bone marrow transplantation (BMT) is per-
formed across the ABO blood group barrier in ap-
proximately one third of patients [1]. Three groups of
ABO mismatch can be distinguished in BMT, as
shown in Table 1: minor, major, and bidirectional
ABO incompatibility. Minor ABO incompatibility, eg,
from an O-type donor to an A-, AB-, or B-type recip-
ient, is characterized by the ability of donor B lym-
phocytes to produce antirecipient isoagglutinins. In
contrast, major ABO-incompatible BMT, eg, from an
A-, AB-, or B-type donor to an O-type recipient, is
characterized by the presence of preformed antidonor
isoagglutinins. In bidirectional ABO incompatibility,
eg, A-type donor to B-type recipient, a combination of
both the major and minor ABO blood group barriers
must be overcome. In the minor incompatible situa-
tion, some centers remove preformed antihost isoag-
glutinins from the graft, whereas others do not. Sev-
eral techniques are used in the major incompatible
situation to remove either antidonor isoagglutinins
from the recipient or red blood cells (RBCs) from the
graft.

Although ABO incompatibility increases the risk
of transplant-related hemolytic reactions [2], most
data suggest that ABO incompatibility does not sig-
nificantly alter the overall transplantation outcome
[3-6], with few exceptions [7-12]. Studies from the late
1970s and early 1980s on the role of the ABO blood
group system in allogeneic BMT showed no effect
on graft-versus-host disease (GVHD) or transplant-
related mortality (TRM) [6]. However, when these
results were obtained, bidirectional ABO incompat-
ibility was not considered separately, modern GVHD
prophylaxis was not available, and survival was poor.
Subsequently, improved subject selection and trans-
plantation techniques and better drugs led to generally
lower overall mortality. In this situation, an effect of
the ABO system on outcome may be more apparent.
Indeed, several lines of evidence suggest that minor
ABO incompatibility may be associated with an in-
creased risk of GVHD and that bidirectional ABO
incompatibility may be associated with worse survival
after BMT [7-12]. However, some of these studies
have evaluated relatively small and heterogenous pa-

tient populations, with conflicting results. Conse-
quently, the effect of ABO incompatibility deserves re-
examination. We therefore analyzed the effect of ABO
mismatching on survival, TRM, and acute (aGVHD)
and chronic GVHD (cGVHD) in a large and homoge-
nous group of patients receiving allogeneic BMTs.

METHODS
Data Source

This observational study included 3103 patients
who received allogeneic BMT from 1990 to 1998 and
were reported to the Center for International Blood
and Marrow Transplant Research by 232 centers. The
Center for International Blood and Marrow Trans-
plant Research is a voluntary working group of more
than 450 transplant centers worldwide that contribute
detailed data on consecutive allogeneic hematopoietic
stem cell transplantations to a statistical center at the
Health Policy Institute of the Medical College of
Wisconsin in Milwaukee, WI, or the National Mar-
row Donor Program Coordinating Center in Minne-
apolis, MN. Approximately two thirds of all active
transplantation centers worldwide report data to the
registry. The registry database includes information
on 40% to 45% of all patients who have received an
allogeneic transplant since 1970, with annual updates.
Computerized checks for errors, reviews of submitted
data by physicians, and on-site audits of participating
centers are used to monitor the quality of the data.

Outcomes

Primary end points were overall survival, defined
as death from any cause; the cumulative incidence of
leukemia relapse, defined as time to recurrent disease;
the cumulative incidence of TRM, defined as death
without relapse; and the cumulative incidence and
severity of aGVHD and cGVHD. Patients with en-
graftment were considered to be at risk for aGVHD,
and patients surviving to day !90 were considered to
be at risk of cGVHD. Acute GVHD was grouped as
grade 0 or I versus II to IV, high-grade aGVHD was
grouped as grade III or IV versus less, and cGVHD
was assessed as limited or extensive cGVHD versus
none. Secondary end points included neutrophil en-

Table 1. Nomenclature for ABO Mismatching Observed and Theoretical Adverse Outcomes in Allogeneic BMT Reported in Previous Studies

ABO Mismatch Donor Recipient Known and Postulated Consequences

Minor O A, B or AB Recipient hemolysis
A, B AB Reports of increased GVHD

Major A, B or AB O Posttransplantation pure red blood cell aplasia
AB A, B Reports of impaired engraftment and increased GVHD

Bidirectional A B Recipient hemolysis and red blood cell aplasia
B A Reports of reduced overall survival

Reports of impaired engraftment and increased GVHD
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first 100 days after minor or major ABO-incompatible
hematopoietic stem cell transplantation. This was as-
cribed to the transfusion of blood products without
prior removal of donor plasma, resulting in the trans-
fer of large amounts of antirecipient isoagglutinins.
After the transfusion policies were changed, signifi-
cant ABO-related differences in survival were no
longer detectable [14]. These findings highlight the
importance of transfusion policies and pretransplan-
tation measures to reduce anti-A/B antibodies in
ABO-incompatible BMT.

In a single-center analysis, higher TRM and

cGVHD were reported 7 years after transplantation in
patients with major ABO incompatibility. This sug-
gested a potential effect of the ABO system on long-
term outcome [15]. Other studies of ABO incompat-
ibility in allogeneic BMT, however, did not detect an
effect on overall survival [3,4,6,12]. It is quite possible
that smaller studies showing discordant results on the
influence of ABO matching are subject to biases due to
heterogenous patient populations. In this study, re-
lapse rate and TRM were similar in ABO-identical
and -mismatched BMT. This is in contrast with a
report by Mehta et al. [16], who observed a decreased
relapse rate but no differences in the incidence of
aGVHD or cGVHD after ABO-mismatched trans-
plantations in 43 patients. Similar results were re-
ported recently in 19 patients receiving nonmyeloab-
lative ABO-incompatible peripheral blood stem cell
transplants [17]. ABO incompatibility resulted in
higher TRM and a trend toward a reduced relapse but
had no effect on GVHD. These studies, however,
pooled all subgroups of ABO-mismatched transplants
to compare with ABO-matched transplants, and this
precludes meaningful interpretation of the results. If
ABO mismatching were to result in more graft-
versus-leukemia effects, this would be expected to
occur only in the donor-directed (minor ABO mis-
match) and not in the host-directed (major ABO
mismatch) setting.

Both aGVHD and cGVHD mainly depend on
alloreactive T cells. However, it is not known whether
alloreactive natural anti-A/B antibodies also contrib-
ute to the pathogenesis of GVHD. In support of the
latter hypothesis, 2 reports found an increased risk of
aGVHD after minor ABO-incompatible BMT and a
decreased risk after major ABO-incompatible BMT
[9,18]. The explanation for this result was that donor
lymphocytes, otherwise responsible for the induction
of GVHD, absorbed anti-A/B antibodies of the recip-
ient and became susceptible to elimination by anti-
body-mediated cell lysis. In agreement with this ob-
servation, it was reported recently that the incidence
of aGVHD (grade I-IV) was higher in minor ABO-
incompatible stem cell transplantation as compared
with ABO identity [8]. This difference was limited to
mild GVHD, whereas in moderate to severe GVHD
(grade II-IV), no significant difference was found. In
this study, ABO blood group matching did not have a
major effect on the incidence of GVHD, with the
exception of patients with bidirectional ABO-incom-
patible BMT, who had a slightly higher incidence of
grade III or IV aGVHD. It is of note that the multi-
variate analysis adjusted for the higher number of
female-to-male transplantations in the bidirectional
ABO-incompatible BMT group and therefore cannot
explain the difference in aGVHD. However, the in-
creased risk of grade III or IV GVHD was not asso-

Figure 2. A, Cumulative incidence of acute GVHD grade II to IV.
B, Cumulative incidence of acute GVHD grade III or IV. C,
Cumulative incidence of chronic GVHD according to ABO match.
Cox regression analysis revealed an increased risk for grade III or IV
aGVHD after bidirectional ABO-incompatible BMT (HR, 1.869;
95% CI, 1.19-2.93; P ! .006) as compared with identical and major
and minor ABO-incompatible BMT. Identical, solid line; minor,
dotted line; bidirectional, dashed line; major, dotted-dashed line.
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first 100 days after minor or major ABO-incompatible
hematopoietic stem cell transplantation. This was as-
cribed to the transfusion of blood products without
prior removal of donor plasma, resulting in the trans-
fer of large amounts of antirecipient isoagglutinins.
After the transfusion policies were changed, signifi-
cant ABO-related differences in survival were no
longer detectable [14]. These findings highlight the
importance of transfusion policies and pretransplan-
tation measures to reduce anti-A/B antibodies in
ABO-incompatible BMT.

In a single-center analysis, higher TRM and

cGVHD were reported 7 years after transplantation in
patients with major ABO incompatibility. This sug-
gested a potential effect of the ABO system on long-
term outcome [15]. Other studies of ABO incompat-
ibility in allogeneic BMT, however, did not detect an
effect on overall survival [3,4,6,12]. It is quite possible
that smaller studies showing discordant results on the
influence of ABO matching are subject to biases due to
heterogenous patient populations. In this study, re-
lapse rate and TRM were similar in ABO-identical
and -mismatched BMT. This is in contrast with a
report by Mehta et al. [16], who observed a decreased
relapse rate but no differences in the incidence of
aGVHD or cGVHD after ABO-mismatched trans-
plantations in 43 patients. Similar results were re-
ported recently in 19 patients receiving nonmyeloab-
lative ABO-incompatible peripheral blood stem cell
transplants [17]. ABO incompatibility resulted in
higher TRM and a trend toward a reduced relapse but
had no effect on GVHD. These studies, however,
pooled all subgroups of ABO-mismatched transplants
to compare with ABO-matched transplants, and this
precludes meaningful interpretation of the results. If
ABO mismatching were to result in more graft-
versus-leukemia effects, this would be expected to
occur only in the donor-directed (minor ABO mis-
match) and not in the host-directed (major ABO
mismatch) setting.

Both aGVHD and cGVHD mainly depend on
alloreactive T cells. However, it is not known whether
alloreactive natural anti-A/B antibodies also contrib-
ute to the pathogenesis of GVHD. In support of the
latter hypothesis, 2 reports found an increased risk of
aGVHD after minor ABO-incompatible BMT and a
decreased risk after major ABO-incompatible BMT
[9,18]. The explanation for this result was that donor
lymphocytes, otherwise responsible for the induction
of GVHD, absorbed anti-A/B antibodies of the recip-
ient and became susceptible to elimination by anti-
body-mediated cell lysis. In agreement with this ob-
servation, it was reported recently that the incidence
of aGVHD (grade I-IV) was higher in minor ABO-
incompatible stem cell transplantation as compared
with ABO identity [8]. This difference was limited to
mild GVHD, whereas in moderate to severe GVHD
(grade II-IV), no significant difference was found. In
this study, ABO blood group matching did not have a
major effect on the incidence of GVHD, with the
exception of patients with bidirectional ABO-incom-
patible BMT, who had a slightly higher incidence of
grade III or IV aGVHD. It is of note that the multi-
variate analysis adjusted for the higher number of
female-to-male transplantations in the bidirectional
ABO-incompatible BMT group and therefore cannot
explain the difference in aGVHD. However, the in-
creased risk of grade III or IV GVHD was not asso-

Figure 2. A, Cumulative incidence of acute GVHD grade II to IV.
B, Cumulative incidence of acute GVHD grade III or IV. C,
Cumulative incidence of chronic GVHD according to ABO match.
Cox regression analysis revealed an increased risk for grade III or IV
aGVHD after bidirectional ABO-incompatible BMT (HR, 1.869;
95% CI, 1.19-2.93; P ! .006) as compared with identical and major
and minor ABO-incompatible BMT. Identical, solid line; minor,
dotted line; bidirectional, dashed line; major, dotted-dashed line.
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after ABO-identical BMT, 20 days (95% CI, 11-29
days) after bidirectional ABO-incompatible BMT, and
21 days (95% CI, 17-25 days) after minor ABO-incom-
patible BMT. Dependency on RBC transfusions was
significantly longer in the major ABO mismatch group
(41 days; 95% CI, 21-59 days; P ! .001). Additionally,
neutrophil engraftment, defined as achieving an abso-
lute neutrophil count "500/#L for 3 consecutive
days, was slightly but significantly delayed in the ma-
jor ABO-incompatible group: 19 days (95% CI, 18.7-

19.3 days) after ABO-identical BMT, 20 days (95%
CI, 18.5-21.5 days) after bidirectional ABO-incom-
patible BMT, 19 days (95% CI, 18.3-19.7 days) after
minor ABO-incompatible BMT, and 21 days (95%
CI, 20.4-21.6 days) after major ABO-incompatible
BMT (P $ .001).

DISCUSSION

The goal of this study was to determine the po-
tential effects of ABO mismatching on the outcome of
allogeneic BMT. This observational, multicenter study
included a population of more than 3000 patients who
underwent transplantation for AML, acute lympho-
blastic leukemia, or CML. All patients received stan-
dard BMT, defined as BMT from HLA-identical sib-
ling donors by using myeloablative pretransplantation
conditioning and immune suppression with cyclospor-
ine and methotrexate. When ABO-identical BMT was
compared with ABO-incompatible BMT, no differ-
ences were found in survival.

Previous studies had shown equivocal results, in-
cluding 2 recent studies that showed lower survival for
patients undergoing bidirectional ABO-incompatible
BMT [8,11]. The number of patients with bidirec-
tional ABO incompatibility, however, was small in
both studies. In contrast, data from the Seattle group
that analyzed 716 ABO-incompatible transplantations
demonstrated no differences in survival, including 30
patients with bidirectional ABO incompatibility who
underwent HLA-identical BMT from a related donor.
Benjamin and Antin [13] reported an increased risk for
infectious deaths and multiorgan failure in patients
with AML or myelodysplastic syndrome during the

Figure 1. A, Kaplan-Meier survival estimates of overall survival. B,
Cumulative incidence of transplant-related mortality. C, Cumula-
tive incidence of relapse according to ABO match. Cox regression
analysis of the overall survival did not reveal significant differences
among major (HR, 1.131; 95% CI, 0.957-1.336; P .148), minor
(HR, 1.157; 95% CI, 0.977-1.367; P .097), and bidirectional (HR,
1.033; 95% CI, 0.748-1.426; P .844) ABO incompatibility as com-
pared with ABO-identical BMT. Identical, solid line; minor, dotted
line; bidirectional, dashed line; major, dotted-dashed line.

Table 4. Cox Regression Analysis of Overall Mortality*

Variable
Hazard
Ratio 95% CI

P
Value

ABO blood group .238
ABO identity 1.000 — —
ABO major mismatch 1.127 0.954-1.331 .160
ABO minor mismatch 1.160 0.981-1.373 .083
ABO bidirectional

mismatch 1.016 0.736-1.404 .922
Age 1.018 1.013-1.023 <.001
Disease <.001

AML 1.000 — —
ALL 1.383 1.165-1.642 <.001
CML 0.803 0.700-0.921 .002

Karnofsky score >90 0.801 0.681-0.943 .008
Sex match .139

Male-male 1.000 — —
Male-female 1.075 0.914-1.264 .383
Female-male 1.205 1.030-1.409 .020
Female-female 1.091 0.919-1.295 .320

ALL indicates acute lymphoblastic leukemia.
*Cytomegalovirus match, year of transplantation, and conditioning

regimen were also analyzed but excluded because they did not
influence the overall survival.

J. D. Seebach et al.

1010



Заключение

Аллогенная трансплантация СК остается методом терапии с излечивающим потенциалом 

Показания к аллогенной ТГСК гетерогенны и требуют индивидуального подхода на основании прогностических 
факторов, в т.ч. молекулярно-биологических 

Раннее проведение ТГСК обеспечивает максимальные преимущества в показателях выживаемости 

Продемонстрированы сопоставимые результаты при привлечении альтернативных доноров


