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Abstract
This is an update on acute and chronic graft-versus-host disease (GvHD) in 425 patients with hematologic malignancies,
undergoing an unmanipulated haploidentical (HAPLO) graft from related donors, with a modified post-transplant
cyclophosphamide (PT-CY) regimen. All patients received a myeloablative conditioning regimen, either based on thiotepa
busulfan fludarabine (TBF), or on full-dose total body irradiation (TBI). The cumulative incidence of acute GvHD-grade
II–IV was 29%, and the CI of GvHD-grade III–IV was 4%. We found older donors and older patients to have higher rates of
grade II–IV acute GvHD; female donors, diagnosis, disease phase, year of transplant, and the conditioning regimen had no
predictive effect on acute GvHD. There was no impact of grade II GvHD, but a significant impact of grade III–IV acute
GvHD, on overall survival. The CI of moderate–severe chronic GvHD was 18%: the major predictor was a previous acute
GvHD, followed by combined donor and recipients age. In conclusion, PT-CY given on days+3+ 5 results in a relatively
low, but not insignificant risk of acute and chronic GvHD, in patients grafted from the related HAPLO donors. The use of
young donors appears to reduce this risk.

Introduction

Graft-versus-host disease (GvHD) remains one of the major
problems in patients undergoing an allogeneic hemopoietic
stem cell transplant (HSCT), in its acute, and also in its chronic
form (cGvHD), and has significant impact on survival and
quality of life [1, 2]. Post-transplant cyclophosphamide (PT-
CY) has been reported to be very effective in controlling severe
GvHD, following unmanipulated haploidentical transplants
(HAPLO), when given on days +3+ 4, followed on day + 5,
by a calcineurin inhibitor (CNI) and mycophenolate mofetil
(MMF). The original paper was published by the Baltimore
group and recently updated [3, 4], and very encouraging results

have been reproduced worldwide [5–10]. We will refer to this
regimen as PT-CY +3+ 4. We have reported the use of a
modified PT-CY regimen, with CNI given on day 0, MMF day
+1, and PT-CY on days +3 and +5 [11], together with a
myeloablative regimen: we had designed PT-CY +3+ 5,
because of the fear of increased toxicity due to the introduction
of a myeloablative conditioning; the patient population was
also at high risk, and more graft versus leukemia was welcome
[11]. We will refer to this regimen as PT-CY +3+ 5. Because
the CNI is given before PT-CY, one may have expected more
acute and/or chronic GvHD [12]. We have now used this
modified PT-CY regimen in 425 patients, prepared with a
myeloablative regimen between 2011 and 2017, in two trans-
plant units (Genova and Rome Gemelli). The aim of this study
is to update the incidence, risk factors, and outcome of GvHD
in this patient population.

Patients and methods

Patients were selected for HAPLO grafts in the absence of a
suitable HLA-matched related or unrelated donor. The median
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age of the patients was 52 years (14–74), with 101 patients
aged over 60. Remission status was as follows: CR1 (n= 171),
CR2 (n= 112), and advanced disease (n= 161). The median
donor age was 34 years (18–67). The diagnosis was AML (n
= 154), ALL (n= 87), MDS (n= 83), myelofibrosis (n= 47),
non-Hodgkin lymphoma (n= 31), and other (n= 44).

Conditioning regimens

We used two myeloablative conditioning regimens, one
chemotherapy based (n= 350), including thiotepa, busul-
fan, and fludarabine (TBF) as described (BBMT 2013), and
one radiation based (n= 99) with full-dose radiation
(999–1200 rads) (TBI) and fludarabine (BBMT 2013) (n=
75). The TBF regimen was used with full-dose busulfan 3.2
mg/kg × 3, (patients ≤ 60 years), or 3.2 mg/kg × 3 (patients
over 60 years) and BU 3.2 mg/kg × 1 (patients over 70
years). The median age for the TBF regimen was 55 years
(18–74), whereas for the TBI, it was 35 years (14–64).

GvHD prophylaxis for all patients was cyclosporin
(CsA) 2 mg/kg i.v. starting day 0, mycophenolate 2 g/day p.
o, starting day +1 to day +30, and PT-CY 50 mg/kg day
+3 and day +5. When possible, CsA was tapered starting
day +100 and discontinued at day +180. All patients
received an unmanipulated marrow as a stem cell source.

Age score

We scored donors age as 0–2 with a cutoff at 30 and 40
years, and we scored recipients age as 0–2 with a cutoff at

40 and 60 years. When added together, patients could be
scored 0–4 as shown in Fig. 1a, b.

Statistical analysis

The NCSS 11 Data for Windows (Kaysville, UT, USA) was
used for contingency tables, rank-sum test, cumulative
incidence (CI) rates, and actuarial survival. When calcu-
lating the CI of GvHD, the competing risk was death
without GvHD. The log-rank test was used for differences
between survival curves; the Grays’ test was used to assess
differences between cumulative incidence curves. Multi-
variate Cox analyses on GvHD was run, testing the effect of
donor and recipients age, gender, diagnosis, disease phase,
and the conditioning regimen.

Results

Acute GvHD

The CI of acute GvHD II–IV was 28% and 3% for aGvHD
grade III–IV. In univariate analysis, risk factors for acute
GvHD grade II–IV, were patients over the age of over 60 (p
= 0.01; as a continuous variable p= 0.06), donor age over 33
(p= 0.02), and also as a continuous variable (p= 0.03). A
female donor in a male recipient, disease phase (remission vs.
advanced), diagnosis (acute vs. chronic disorders), con-
ditioning regimen (TBF vs. TBI), year of transplant
(</>2014), and ABO compatibility were not predictive
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Fig. 1 Cumulative incidence (CI) of acute GvHD grade II–IV in
patients stratified according to donor and recipients age (see text).
Score 0–1 represents young patients and young donors, and score 4

represents older patients (>60 years) grafted from older donors
(>40 years); score 2–3 represent donor and recipients of intermediate
age
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factors. There was a trend for patients receiving a larger dose
of total nucleated cells (×108/kg) to have more GvHD grade
II–IV: 14% for cell dose <2 × 108/kg, 19% for cell dose
2.1–4 × 108/kg, and 22% for a cell dose >4 × 108/kg (p= 0.3).
The CI of aGvHD grade II–IV in patients under 60 was 16%
vs. 28% for patients over 60 years; the CI of aGvHD grade
II–IV in patients grafted from donors under 34 years (median
age) was 15% vs. 23% for older donors (p= 0.02). We then
classified donor and recipient age as follows: donors age < 30
(0), 1–40 (1), and >40 (2); recipients age <40 (0), 41–60 (1),
and >60 (2). When donor and recipient scores were added
together, there were 176 patients with score 0–1, 221 patients
with score 2–3, and 28 patients with score 4. The CI of
aGvHD grade II–IV for patients with score 0–1, 2–3, and 4
was, respectively, 13%, 21%, and 41% (p= 0.003) (Fig. 1a).

In a multivariate analysis, combined donor and recipient
age was the only predictor, with a risk of 2.3 of developing
grade II–IV acute GvHD.

The effect was not significant, but there was a clear trend
for combined donor/recipient age to predict severe grade
III–IV acute GvHD (3% vs. 4% vs. 8%) for score 0–1 and
2–3 and (p= 0.4).

Chronic GvHD

The overall CI of chronic GvHD was 61%: the proportion
of patients surviving 100 days, with no, minimal, moderate,
or severe cGvHD was 39%, 38%, 17%, and 6%, respec-
tively. The CI of moderate–severe chronic GvHD was 18%.
It was strongly predicted by donor age: it was 11% vs. 24%
vs. 26% for donors <30 years of age, aged 31–40 or over 40
years (p= 0.005). Recipients age was not predictive of
moderate–severe cGvHD (p= 0.5). However, the same
scoring system adopted for acute GvHD was predictive
of moderate–severe cGvHD (11% vs. 25% vs. 29%)
(Fig. 1b).

Variables with no predictive effect on cGvHD were
disease phase, diagnosis (acute vs. chronic disorders), ABO
match vs. mismatch, and conditioning regimen (radiation
based vs. TBF). In multivariate analysis, the strongest pre-
dictive factor for moderate–severe cGvHD was acute GvHD
grade II–IV (RR 4.2, p < 0.00001), followed by patients and
recipient age scores: score 2–3 had a risk of 2.3 (p= 0.01)
as compared with score 0–1, and score 4 had a risk of 4.1
(p= 0.1).

GvHD and survival, TRM and relapse

The effect of acute GvHD on overall survival (OS) is shown
in Fig. 2: the 5-year OS was comparable for grades 0–I
(52%) and II acute GvHD (52%), whereas there was a
significant detrimental effect for a small number of patients
(n= 15), with grade III–IV acute GvHD (5-year OS 16%).
As to chronic GvHD, there was a positive effect of minimal
cGvHD in patients with early disease (CR1+CR2) (5-year
OS of 81%), whereas patients with severe cGvHD (n= 13)
had a very poor outcome (3-year OS 0%) (Fig. 3a). There
was no significant effect of cGvHD in patients with
advanced disease (Fig. 3b). The CI of relapse for early
disease was 24%, 21%, 17%, and 7%, respectively, for
patients with no, minimal, moderate, or severe cGvHD (p=
0.4); the CI of NRM was 5%, 4%, 15%, and 55% again for
different severity of cGvHD (p < 0.00001).

At 1 year post transplant, 88% of patients were off
cyclosporin A and 83% were off steroids; the average
Karnofsky score was 97%. Chronic GvHD was scored as
absent (68.7%) minimal (24.8%), moderate (4.8%), and
severe (1.4%).

Discussion

In this study, we describe the incidence of GvHD in
HAPLO transplants grafted with an unmanipulated marrow,
with PT-CY +3+ 5, and a CsA on day 0, following a
myeloablative conditioning regimen. The cumulative inci-
dence of GvHD grade II–IV and III–IV was 28% and 3%;
the cumulative incidence of moderate–severe chronic
GvHD was 18%. The strong and only predictive factor for
acute GvHD grade II–IV was the combination of donor and
recipient age: young patients grafted from young donors
had a 13% cumulative incidence of acute GvHD grade
II–IV, whereas old patients (>60) grafted from old donors
(>40) had a 41% incidence of grade II–IV acute GvHD. If
we look only at patients over 60 years, the risk of GvHD
II–IV is 17%, 26%, and 40%, when grafted from donors
aged ≤30, 31–40, and >40 years. The combined age score
was not significantly predictive of acute GvHD grade
III–IV, but there was a definite trend (3%, 4%, and 8%) for
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710 A. Bacigalupo et al.



older patients grafted from older donors to have at least
twice the risk of severe acute GvHD, as compared with
young patients grafted from young donors. As for chronic
GvHD, the strongest predictor was acute GvHD grade
II–IV: the risk of moderate–severe cGvHD was 16% vs.
49% for patients with grade 0–I or II–IV acute GvHD (p <
0.0001). The combination of donor and recipients age
remained a strong predictor of chronic GvHD. In a multi-
variate analysis including diagnosis, disease phase, con-
ditioning regimen, and donor–recipient gender mismatch,
the strongest predictor was a previous acute GvHD II–IV,
followed by donor–recipient age score. Chronic GvHD seen
in these HAPLO transplants appears to be treatable, since at
1 year post transplant, 83% were off cyclosporine and 88%
were off steroids.

How do these results compare with other reports of
HAPLO transplants, using PT-CY on days +3+ 4 with a
CNI starting the day after CY (day +5)? In a relatively recent
study, the Center for International Blood and Marrow
Transplantation Research (CIBMTR) reported 104 AML
patients receiving a HAPLO graft, with PT-CY given on days
+3+ 4 [13]. We compared these 104 AML patients with 150
AML patients reported in a multicenter trial, all receiving PT-
CY +3+ 5 [14]. The two groups were comparable for dis-
ease phase (CR1 46% vs. 45%; CR2 20% vs. 21%) (p= 0.8)
and percentage of patients over 50 years of age (42% vs. 51%,
p= 0.2), respectively, for PT-CY +3+ 4 and PT-CY +3+
5. Acute GvHD grade II–IV was reported in 16% of patients
receiving PT-CY +3+ 4, vs. 22% for PT-CY +3+ 5 (p=
0.08). The overall risk of chronic GvHD was, respectively,
30% for the original regimen vs. 56% for the modified regi-
men (p= 0.001). There is thus a trend for PT-CY +3+ 5,
with CsA starting before PT-CY, to give more acute and more
chronic GvHD. A very recent editorial has suggested that

increased GvHD may be due to a lower number of regulatory
T cells, as shown in vitro when cells are exposed to CsA
before mafosfamide, and compared with mafosfamide alone
or mafosfamide followed by CsA [14]. The results in our
clinical study with PT-CY +3+ 5, were obtained with a
marrow as the only stem cell source, and it may be that the
use of unmanipulated PB would further increase the risk of
severe GvHD, when a CNI is given before PT-CY. If PT-CY
+3+ 5 produces more GvHD, one may expect less leukemia
relapse: in the two studies just outlined [13, 14], the percen-
tage of patients dying with relapse was 44% for PT-CY+3+
4 vs. 23% for PT-CY +3+ 5 (p= 0.0006) [13, 14].

Finally, we looked at the impact of GvHD on survival:
only the small number of patients with acute GvHD grade
III–IV (n= 14, 3%) or with severe chronic GvHD (n= 20,
6%) had a reduced probability of survival at 5 years, and this
was mostly evident in patients with early disease (CR1+
CR2). Grade II acute GvHD has no impact on OS. Patients
with minimal chronic GvHD had the best outcome, due to
reduced relapse and low transplant-related mortality.

Conclusion

We confirm a relatively low, but not insignificant incidence
of GvHD in patients receiving an unmanipulated HAPLO
bone marrow transplant, with PT-CY given on days +3+
5, and CsA given before cyclophosphamide, which can be
reduced when using young donors. The risk factors are
mainly donors age, although the combination of donor and
recipient age is able to predict both acute and chronic
GvHD. Whether this modified regimen is appropriate for
patients at high risk of relapse, and less so for patients with
indolent disorders, remains to be ascertained. Finally, these
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Fig. 3 Overall survival in patients stratified according to the highest grade of chronic GvHD: a detrimental effect of chronic GvHD is seen in
patients with early disease (a), whereas the effect is lost in patients with advanced disease
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data are obtained with an unmanipulated marrow as a stem
cell source: the risk of severe acute GvHD could be sig-
nificantly increased with the use of unmanipulated periph-
eral blood and PT-CY on days +3+ 5 [12].
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