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REGULAR ARTICLE

Related donor transplants: has posttransplantation cyclophosphamide
nullified the detrimental effect of HLA mismatch?
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17Dana-Farber Cancer Institute, Boston, MA; and 18Chaim Sheba Medical Center, Tel Aviv University, Tel-Hashomer Ramat-Gan, Israel

Key Points

• Patient age, 18 to
54 years: comparable
survival after trans-
plants from an HLA-
matched sibling and a
haploidentical sibling.

• Patient age, 55 to 76
years: better survival
after transplants from
an HLA-matched
sibling compared with
offspring.

We sought to identify whether posttransplantation cyclophosphamide (PT-Cy) reduces or

eliminates the detrimental impact of HLA mismatching on outcomes of HLA-haploidentical

related donor transplantation for acute leukemia. Data from 2143 donor-recipient pairs

(n = 218 haploidentical sibling; n = 218 offspring; n = 1707 HLA-matched sibling) with acute

myeloid or lymphoblastic leukemia were studied. All received a calcineurin inhibitor for

graft-versus-host disease (GVHD) prophylaxis while high-dose PT-Cy was also given to

recipients of haploidentical transplant. Patient age correlated with donor-recipient re-

lationship: haploidentical siblings donated to patients aged 18 to 54 years whereas offspring

donated to patients aged 55 to 76 years. Therefore, transplant outcomes were examined

separately in the2patient age groups. Inpatients aged18 to 54years, therewerenosignificant

differences in outcomes except chronic GVHD, which was lower after haploidentical sibling

compared to HLA-matched sibling transplant (hazard ratio [HR], 0.63; P , .001). In

patients aged 55 to 76 years, despite lower chronic GVHD (HR, 0.42; P , .001), graft failure

(14% vs 6%; P = .003), nonrelapsemortality (HR, 1.48; P = .02), and overall mortality (HR, 1.32;

P = .003) were higher after transplant from offspring compared with an HLA-matched

sibling. These data demonstrate a superior outcome in older recipients when using an

HLA-matched sibling instead of offspring, although there were differences in transplant

platforms (GVHD prophylaxis and graft type) between the 2 groups. Validation of these

findings requires a prospective randomized trial wherein the transplant platforms can be

closely matched.

Introduction

For patients with high-risk, relapsed, or refractory acute leukemia, allogeneic hematopoietic stem cell
transplantation sometimes represents the only treatment option with curative potential. The degree of HLA
matching between the donor and recipient has been the paramount consideration for donor selection as
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transplantation from an HLA-matched donor has historically been
associated with superior outcomes as compared with transplants from
HLA-mismatched donors.1 Recent studies have confirmed the impor-
tance of HLA matching at the allele level for unrelated donor
transplantation for hematologic malignancy.2,3 Studies on selection of
unrelated adult donors have shown that, in addition to donor-recipient
HLA-match, the age of the donor impacts survival; for every 10-year
increment in donor age there is a 5.5% increase in the hazard ratio (HR)
for mortality.4 The advent of high-dose posttransplantation cyclophos-
phamide (PT-Cy) for graft-versus-host disease (GVHD) prophylaxis has
broadened transplantation from donors by reducing the toxicity of
transplantation from an HLA-mismatched related donor, especially
an HLA-haploidentical related donor.5,6 There are also reports of
comparable overall survival after transplantation from an unrelated donor
or an HLA-matched sibling compared with transplantation from a
haploidentical related donor with the PT-Cy approach for acute leukemia
and lymphoma, but the number of haploidentical transplantations was
modest in comparison with the other donor sources in those reports
implying those reports were unlikely to adequately powered to detect
differences between donor groups.7-9 With the increasing use of T-cell
replete haploidentical transplantation with PT-Cy for hematologic
malignancy in adults, our group recently reported that patient and
disease characteristics are more important than either the age of the
donor or donor-recipient relationship with regard to survival and
GVHD.10

As potential adult transplant candidates may have HLA-mismatched
sibling(s) or offspring who are younger than HLA-matched sibling(s),
the question we sought to address in the era of PT-Cy for
haploidentical transplantation was whether donor age affects trans-
plant outcomes more than histocompatibility. This becomes in-
creasingly more relevant as reduced-intensity conditioning regimens
have enabled the transplantation of older patients, most of whom
have offspring. Donor selection for those patients often involves
choosing between an HLA-matched or -haploidentical sibling of
similar age (usually within the same decade), or an offspring, typically
2 to 3 decades younger than the patient.

Methods

Patients

Data on transplantations were obtained from the Center for Interna-
tional Blood and Marrow Transplant and the Acute Leukemia Working
Party of the European Society for Blood and Marrow Transplant.
Transplant centers report consecutive transplantations at their center
with longitudinal follow-up until death or lost to follow-up. Eligible
patients were aged 18 years and older with acute myeloid leukemia
(AML) or acute lymphoblastic leukemia (ALL). Patients received
unmanipulated bone marrow or peripheral blood from haploidentical
sibling or offspring (defined as $2 HLA mismatches between donor
and recipient) or an HLA-matched sibling. Transplants were performed
between 2008 and 2015. Patients provided informed consent for
research. The institutional review board of the National Marrow Donor
Program approved this study.

End points

The primary end points were leukemia-free survival and overall survival.
For leukemia-free survival, death from any cause or relapse were
considered events. For overall survival, death from any cause was
considered an event. All surviving patients were censored at last

follow-up. Secondary end points were acute and chronic GVHD,
graft failure, relapse, and nonrelapse mortality. Acute grade II-IV
and chronic GVHD were assigned based on reports from
transplant centers using standard criteria.11,12 Primary and
secondary graft failure were considered as a single outcome.
Primary graft failure was defined as failure to achieve an absolute
neutrophil count of $0.5 3 109/L for 3 consecutive days or ,5%
donor chimerism (peripheral blood CD31 or bone marrow).13

Secondary graft failure was defined as initial donor engraftment
followed by graft loss, evidenced by a persistent decline in the
absolute neutrophil count (,0.53 109/L), loss of donor chimerism, or
second transplant in patients with documented clinical remission.13

Relapsewas defined as disease recurrence (morphologic, cytogenetic,
or molecular) or progression. Nonrelapse mortality was defined as
death in remission.

Statistical methods

Patient age was correlated with donor-recipient relationship (r5 0.66;
P , .001). Exploratory analysis confirmed differences in overall
mortality risks between patients aged 18 to 54 years and those
aged 55 to 77 years (HR, 1.39; 95% confidence interval [CI], 1.28-
1.51; P , .0001). Most patients aged 18 to 54 years received
grafts from their haploidentical sibling (218 of 299; 72%;
transplants from offspring [n 5 81] were excluded) and those
aged 55 to 76 years, from their offspring (218 of 279; 78%; n5 61
transplants from haploidentical siblings were excluded).

Recipients of transplants from a haploidentical sibling and offspring
(cases) were matched on age, disease, and disease risk index to
recipients of transplants from an HLA-matched sibling (controls).
Matching was an iterative process, whereby each case was matched
to a pool of possible controls on disease and disease risk index, and the
control with the smallest age difference was selected. This was done for
each case, afterwhich the process started over to add additional controls.
The matching process was done until each case had 4 controls, or no
further controls could be matched. Ninety-two percent of cases (N 5
402) were matched to 4 controls, 7% of cases (N5 31) were matched
to 3 controls and the remaining 1% of cases (N 5 3) to 2 controls.

Separate multivariate marginal Cox regression models were built to
compare the effect of donor type for the 2 patient age groups.14 In
patients aged 18 to 54 years, outcomes after haploidentical sibling
were compared with that after transplantation from an HLA-
matched sibling and in patients aged 55 to 74 years, transplantation
from haploidentical offspring to HLA-matched sibling.14 The
variable for donor type was held in all steps of model building
regardless of level of significance. Other variables tested include
patient and donor sex, graft type, conditioning regimen intensity,
and transplant period. The incidences of acute and chronic GVHD,
nonrelapse mortality, and relapse were calculated using cumulative
incidence estimator,15 and the probabilities of leukemia-free and overall
survival were calculated from the final Cox model with adjustment for
other factors that were associated with these outcomes. All variables
tested met the assumptions for proportionality and there were no first-
order interactions between the variables for donor type and other
variable in the final model. Variables that attained P# .05 were held in
the final multivariate model. The cumulative incidences of graft failure at
1 year was calculated using the cumulative incidence estimator to
accommodate competing risk.15 All P values are 2-sided and analyses
were done using SAS version 9.4 (Cary, NC).
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Results

Patient, disease, and transplant characteristics

The characteristics of recipients of haploidentical transplants (cases)
matched on age, disease, and disease risk index to recipients of
transplants from HLA-matched sibling (controls) are shown in Tables 1
and 2. The median differences in age between cases and controls
were 0.08 years (range, 0-9.9) for patients aged 18 to 54 years and
0.05 years (range, 0-9.5) for patients aged 55 to 76 years. For patients

aged 18 to 54 years, the median age of haploidentical sibling donors
was 39 years compared with 40 years for HLA-matched sibling
donors. For patients aged 55 to 76 years, the age of donors differed in
that the median age of offspring donors was 34 years compared with
61 years for HLA-matched sibling donors. Although recipients of both
donor types were equally likely to receive reduced-intensity condition-
ing, bone marrow was the predominant graft from haploidentical
donors of all donor relationships compared with peripheral blood from
HLA-matched siblings. Recipients of haploidentical transplants re-
ceived a uniform GVHD prophylaxis: PT-Cy with tacrolimus or
cyclosporine and mycophenolate. Recipients of transplants from an

Table 1. Characteristics for patients 18 to 54 years old

Characteristics

Haplo sibling,

N 5 218

Matched sibling,

N 5 843 P

Recipient age, y

Median (range) 41 (18-55) 42 (18-55) .36

18-39, n (%) 102 (47) 360 (43)

40-54, n (%) 116 (53) 483 (57)

Recipient sex, n (%) .07

Male 129 (59) 441 (52)

Female 89 (41) 402 (48)

Donor age, y .14

Median (range) 39 (15-69) 40 (8-68)

Disease, n (%) .75

AML 146 (67) 574 (68)

ALL 72 (33) 269 (32)

Disease status, n (%) .07

CR1 119 (55) 533 (63)

$CR2 48 (22) 149 (18)

Relapse/primary induction failure 51 (23) 161 (19)

Disease risk index, n (%) .98

Low 8 (3) 32 (3)

Intermediate 135 (62) 534 (63)

High 71 (33) 261 (31)

Not reported 4 (2) 16 (2)

Graft type, n (%) ,.001

Bone marrow 125 (57) 99 (12)

Peripheral blood 93 (43) 744 (88)

Conditioning intensity, n (%) ,.001

Myeloablative 131 (60) 704 (84)

Reduced intensity 87 (40) 139 (16)

GVHD prophylaxis, n (%) NA

CNI 1 MMF 1 PT-Cy 218 (100) —

CNI 1 MMF — 167 (20)

CNI 1 MTX — 542 (64)

CNI alone — 134 (16)

Transplant period, n (%) ,.001

2008-2011 52 (24) 546 (65)

2012-2015 166 (76) 297 (35)

CNI, calcineurin inhibitor; CR, complete remission; Haplo, haploidentical; MMF,
mycophenolate mofetil; MTX, methotrexate; NA, not applicable.

Table 2. Characteristics for patients 55 to 76 years old

Characteristics

Offspring,

N 5 218

Matched sibling,

N 5 864 P

Recipient age, y

Median (range) 63 (55-76) 63 (55-76) .40

55-64, n (%) 127 (58) 536 (62)

65-76, n (%) 91 (42) 328 (38)

Recipient sex, n (%) .80

Male 129 (59) 803 (58)

Female 89 (41) 361 (42)

Donor age, y ,.001

Median (range) 34 (20-55) 61 (28-105)

Disease, n (%) .77

AML 192 (88) 767 (89)

ALL 26 (12) 97 (11)

Disease status, n (%) .05

CR1 129 (59) 587 (68)

$CR2 37 (17) 115 (13)

Relapse/primary induction failure 52 (24) 162 (19)

Disease risk index, n (%) .99

Low 6 (3) 24 (3)

Intermediate 135 (62) 539 (63)

High 73 (33) 285 (31)

Not reported 4 (2) 16 (2)

Graft type, n (%) ,.001

Bone marrow 153 (70) 49 (6)

Peripheral blood 65 (30) 815 (94)

Conditioning intensity, n (%) .87

Myeloablative 60 (28) 233 (27)

Reduced intensity 158 (72) 631 (73)

GVHD prophylaxis, n (%) NA

CNI 1 MMF 1 PT-Cy 218 (100) —

CNI 1 MMF — 324 (38)

CNI 1 MTX — 385 (45)

CNI alone — 155 (18)

Transplant period, n (%) ,.001

2008-2011 40 (18) 434 (50)

2012-2015 178 (82) 430 (50)
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HLA-matched sibling received tacrolimus or cyclosporine with
mycophenolate or methotrexate. As most haploidentical transplants
occurred after 2011, all outcomes were censored at 2 years to
accommodate differences in follow-up between recipients of haploi-
dentical transplants and transplants from an HLA-matched sibling.

Outcomes in patients aged 18 to 54 years: transplants

from a haploidentical sibling vs an HLA-matched

sibling

In this cohort, the 2-year incidence of graft failure did not differ
significantly between recipients of transplants from a haploidentical
sibling or an HLA-matched sibling donor, 6% (95% CI, 3-10) and
6% (95% CI, 5-7), respectively (P 5 .88). The degree of HLA
matching did not have an effect on acute GVHD, as there were no
differences in risks for grade II-IV and III-IV acute GVHD after
transplantation of grafts from either donor type (Table 3). However,
chronic GVHD risks were lower after haploidentical sibling
compared with transplant from an HLA-matched sibling (Table 3;
Figure 1A). Among patients who developed chronic GVHD, its
severity differed by donor type; extensive chronic GVHD was
reported in 55% of transplants from a haploidentical sibling
compared with 75% of transplants from an HLA-matched sibling
(P , .001). There were no differences in nonrelapse mortality,
relapse, leukemia-free survival and overall survival (Table 3; Figures
2A and 3A). The predominant causes of death after transplants from
a haploidentical sibling or an HLA-matched sibling were recurrent
disease (52% vs 43%), GVHD (24% vs 40%), infection (10% vs
8%), and organ failure (7% vs 3%), respectively. To summarize, in
patients aged 18 to 54 years, chronic GVHD was lower after
transplant from a haploidentical sibling compared with an HLA-
matched sibling, but all other outcomes studied were equivalent.

Outcomes in patients aged 55 to 76 years: transplant

from a haploidentical sibling vs an HLA-matched

sibling

The 2-year graft failure rates were higher after transplant from
haploidentical offspring compared with an HLA-matched sibling,
14% (95% CI, 9-18) and 6% (95% CI, 5-8), respectively (P 5 .003).
Among recipients of transplantation from offspring, graft failure did not
differ by paternal and maternal recipients (12% vs 16%, respectively).
Risks for grade II-IV and III-IV acute and chronic GVHDwere lower after
transplantation of grafts from haploidentical sibling compared with

HLA-matched sibling (Table 3; Figure 1B). There were no differences
in severity of chronic GVHD by donor type; 53% of offspring and 61%
of HLA-matched sibling transplant recipients reported extensive
chronic GVHD (P 5 .67). Despite lower rates of acute and chronic
GVHD, nonrelapse mortality risks were higher after transplantation of
grafts from offspring compared with HLA-matched siblings (Table 3;
Figure 2B). There were no differences in relapse risks by donor type
(Table 3). Leukemia-free survival and overall survival were lower after
transplant from haploidentical offspring compared with an HLA-
matched sibling (Table 3; Figure 3B). The causes of death did not
differ by donor type; predominant causes of death after transplants
from offspring or an HLA-matched sibling include recurrent disease
(52% vs 45%), GVHD (21% vs 37%), and infection (14% vs 9%),
respectively. To summarize, in patients aged 55 to 74 years, acute and
chronic GVHD were lower after transplantation of grafts from offspring
but higher nonrelapse mortality resulted in lower leukemia-free and
overall survival compared with HLA-matched siblings.

Discussion

In this report, we studied the effect of donor-recipient relationship
and indirectly, donor age on transplant outcomes in adults with
acute leukemia in the setting of related donor transplants. All
mismatched related donors (siblings or offspring) were mismatched
to their recipients at $2 HLA loci. Furthermore, donor-recipient
relationship segregated by age in that patients younger than 55
years mostly received grafts from their HLA-matched or haploi-
dentical sibling and those older than 55 years, mostly from their
offspring or HLA-matched sibling. The preferential utilization of
haploidentical offspring over a haploidentical sibling when a suitable
offspring was available raises the possibility that clinicians may be
extrapolating the superior outcomes of transplants from younger
unrelated donors to the setting of transplantation from a haploi-
dentical related donor.4 Given this skewing in the selection of
haploidentical donors, we are unable to study the effects of
transplant from an offspring donor in patients aged 18 to 54 years
and transplant from a haploidentical sibling donor in patients aged
55 to 74 years. Although the ages of patients and their sibling
donors were within the same decade, the offspring were about
3 decades younger than their parents. As patient age is an
important predictor of transplant outcomes, we ensured the
median difference in age between recipients of transplants from a
haploidentical sibling or an HLA-matched sibling was 0.08 years
(patient age group 18-54 years) and for recipients of transplants

Table 3. Results of multivariate analysis

Haploidentical vs HLA-matched sibling Offspring vs HLA-matched sibling

HR (95% CI) P Probability, % HR (95% CI) P Probability, %

Acute GVHD II-IV at day 100 1.03 (0.78-1.35) .86 32 vs 26 0.65 (0.44-0.97) .034 16 vs 23

Acute GVHD III-IV at day 100 1.05 (0.64-1.73) .84 12 vs 10 0.48 (0.25-0.92) .028 5 vs 9

Chronic GVHD at 2 y 0.63 (0.48-0.82) <.001 42 vs 51 0.42 (0.30-0.58) <.001 28 vs 46

Nonrelapse mortality at 2 y 1.14 (0.77-1.69) .52 15 vs 13 1.48 (1.05-2.09) .025 21 vs 17

Relapse at 2 y 1.01 (0.80-1.26) .97 37 vs 37 1.17 (0.95-1.45) .14 45 vs 41

Leukemia-free survival at 2 y 1.04 (0.85-1.26) .70 48 vs 50 1.27 (1.06-1.51) .008 34 vs 42

Overall survival at 2 y 1.00 (0.81-1.24) .99 61 vs 61 1.32 (1.10-1.59) .003 44 vs 51

Bold values represent statistical significance.
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from haploidentical offspring or an HLA-matched sibling, 0.05
years (patient age group 55-74 years).

Our analyses support transplantation of grafts from a haploidentical
sibling using the PT-Cy platform for GVHD prophylaxis or an HLA-
matched sibling using a calcineurin inhibitor with methotrexate or
mycophenolate are acceptable options for patients with acute leukemia
aged 18 to 54 years. On the other hand, for patients aged 55 to 74
years with acute leukemia our analyses support transplantation of grafts
from an HLA-matched sibling instead of a haploidentical offspring using
the PT-CY platform for GVHD prophylaxis. The incorporation of PT-Cy
to haploidentical transplantation regimens has eliminated the detrimen-
tal impact of HLA mismatching on acute and chronic GVHD.5 Yet, the
higher graft failure and mortality demonstrated after transplantation from
a haploidentical offspring compared with an HLA-matched sibling imply
PT-Cy does not fully overcome the HLA barrier. We hypothesize that in
the setting of transplantation from an offspring there may be immune
mediated effects of noninherited maternal and paternal antigens
contributing to higher mortality.16 A thorough examination of immune
mediated effects of noninherited maternal and paternal antigens or the
effect of HLA mismatching is beyond the scope of the current study.
Even in the setting of transplantation from an adult unrelated donor in

which survival is better with younger donors, the age of the donor per se
does not overcome the adverse effect of HLA disparity on survival.4

In the current analyses, we matched recipients of haploidentical
transplantations to recipients of transplantations from an HLA-
matched sibling on age, disease, and disease risk index. We used
disease risk index, a composite for disease status at trans-
plantation and cytogenetic risk as a marker for disease severity as
others have validated the effectiveness of disease risk index to
adjust for disease type and disease severity in the setting of
haploidentical transplants and transplantation from an HLA-
matched sibling.17,18 In contrast to other reports that have shown
a reciprocal relationship between relapse and chronic GVHD
we did not observe differences in relapse by donor type de-
spite lower chronic GVHD after haploidentical transplants.19,20

The GVHD prophylaxis strategies differed between donor types
and a better comparison would have been one in which recip-
ients of transplantation from an HLA-matched sibling also re-
ceived PT-Cy in addition to calcineurin inhibitor. Such a comparison
is not possible now as relatively few transplants from HLA-
matched siblings use PT-Cy with a calcineurin inhibitor for GVHD
prophylaxis.
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Figure 1. Chronic GVHD. (A) The 2-year cumulative in-

cidence of chronic GVHD after transplantation of grafts

from haploidentical sibling (42%; 95% CI, 35-50) and HLA-

matched sibling (52%; 95% CI, 50-54); P , .001. (B) The

2-year cumulative incidence of chronic GVHD after trans-

plantation of grafts from offspring (28%; 95% CI, 20-36)

and HLA-matched sibling (46%; 95% CI, 44-49); P , .001.
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Figure 2. Nonrelapse mortality. (A) The 2-year cumulative

incidence of nonrelapse mortality after transplantation of

grafts from haploidentical sibling (15%; 95% CI, 10-20) and

HLA-matched sibling (13%; 95% CI, 10-15); P 5 .52. (B)

The 2-year cumulative incidence of nonrelapse mortality after

transplantation of grafts from offspring (21%; 95% CI, 15-27)

and HLA-matched sibling (17%; 95% CI, 14-20); P 5 .025.
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We compared transplant outcomes after transplantation from mis-
matched and matched related donors using data reported to 2
transplant registries and subject to biases in regards to patient and
donor selection for transplantation. We ensured comparability between
the treatment arms (ie, donor types) by matching patients in each of the
donor groups on patient age, disease and disease risk index17,18 and
adjusted for other factors such as performance score, comorbidity
index,21 transplant conditioning regimen intensity22-24 and transplant
period. Yet there were differences between the donors groups that
could not be adjusted for. Bone marrow was used as the graft source
more often among recipients of HLA-haploidentical transplants as
compared with recipients of transplants from HLA-matched sibling,25

which may account in part for the lower incidence of GVHD in the
former group. Further, all haploidentical transplant recipients received
PT-Cy for GVHD prophylaxis, which may also account for the lower
incidence of GVHD in that group. A more appropriate comparison is
one in which both donor types use the same graft and GVHD
prophylaxis regimen. Such a comparison is not possible now as
transplantation strategies generally follow the accepted practices for
matched and mismatched related donors.

Despite these limitations the data support the hypothesis that
transplantation from a haploidentical sibling results in comparable
leukemia-free and overall survival to that after transplantation from an
HLA-matched sibling in patients aged 18 to 54 years. Therefore, in
clinical practice a haploidentical sibling may be considered instead of
an HLA-matched unrelated donor when a HLA-matched sibling is not
available. In regards to older patients ($55 years) their offspring served
as haploidentical donors and the data showed higher nonrelapse
mortality and lower overall survival compared with transplantation from
an HLA-matched sibling. Therefore, in clinical practice, an HLA-
matched sibling regardless of their age is better suited to serve as the
donor. Randomized clinical trials offer the highest quality data for
modifying clinical practice and provide unbiased allocation to the
treatment arms being studied. Yet it is challenging to conduct a
randomized trial as less than a third of patients have a suitable HLA-
matched sibling and that would incur a lengthy accrual period. A
prospective trial in which patients are assigned to donor type according
to the availability of an HLA-matched sibling would accrue faster but
is not entirely free from bias. In summary, the PT-Cy platform has
eliminated the detrimental impact of HLA mismatching for adults with

acute leukemia transplants when the mismatched relative is a
sibling. Yet, when the relative is an offspring, transplantation from an
HLA-matched sibling offers better survival. These results may differ if
the transplant platforms are similar.
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Figure 3. Overall survival. (A) The 2-year probability of

overall survival after transplantation of grafts from haploident-

ical sibling (61%; 95% CI, 54-67) and HLA-matched sibling

(61%; 95% CI, 59-63); P 5 .99. (B) The 2-year probability of

overall survival after transplantation of grafts from offspring

(44%; 95% CI, 37-51) and HLA-matched sibling (51%; 95%

CI, 48-53); P 5 .003.
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