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Graft failure (GF) is a fatal complication of allogeneic stem cell transplantation, especially

after haploidentical transplantation. The mortality of GF is nearly 100% without an

effective salvage method. A second transplantation is usually necessary to save the

patient’s life. However, there is no standardized regimen, and the outcome is usually

disappointing. We report on a prospective single-center study using a reduced-intensity

conditioning regimen with different haploidentical donors (HIDs). Patients with GF

after the first transplantation were enrolled in a prospective single-arm clinical trial

(ClinicalTrials.Gov ID: NCT03717545) at the Peking University Institute of Hematology.

The conditioning regimen consisted of fludarabine (30 mg/m2) (days−6 to−2) and

cyclophosphamide (1,000 mg/m2/day) (days−5 to−4). Patients underwent a second

transplant from a different HID using a granulocyte colony-stimulating factor primed

bone marrow and peripheral blood stem cells. The primary outcome was neutrophil

engraftment at day 28. The secondary outcomes included platelet engraftment at

day 100, transplant-related mortality (TRM) at day 30, TRM at day 100, and overall

survival (OS) at 1 year. From March 2018 to June 2020, 13 patients were enrolled

in this clinical trial. Of the 13 patients, five had acute myeloid leukemia, five had

acute lymphoblastic leukemia, two had myelodysplastic syndromes, and one had a

non-Hodgkin lymphoma. The median age at first transplantation was 38 years (range,

8–55 years). As for the first transplantation, 11 patients underwent haploidentical

transplantations and two underwent unrelated donor transplantations. At the time of

GF, three patients had complete donor chimerism, five had mixed chimerism, and five

had complete recipient chimerism. The median time from the first transplantation to

the second transplantation was 49 (range 35–120) days. The medians of infused cell

doses were as follows: mononuclear cells 7.93 (5.95–12.51) × 108/kg and CD34 + cells

2.28 (0.75–5.57) × 106/kg. All 13 patients achieved neutrophil engraftment after the

second transplantation, with a median engraftment time of 11 (range 10–20) days

after transplantation. The platelet engraftment rate on day 100 after transplantation
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was 76.9%. The TRMs at day 30, day 100, and 1-year were 0, 0, and 23.1%,

respectively. The OS and disease-free survival at 1-year were 56.6 and 48.4%,

respectively. For patients with GF after first transplantation, a second transplantation

using a fludarabine/cyclophosphamide regimen from a different HID was a promising

salvage option. Further investigation is needed to confirm the suitability of this method.

Keywords: graft failure, second transplantation, cyclophosphamide, fludarabine, haploidentical

INTRODUCTION

Graft failure (GF) is defined as the failure to achieve sustained
engraftment following allogeneic stem cell transplantation (allo-
SCT). It is a fatal complication of allo-SCT and is associated with
considerable morbidity and mortality, most notably infections
and hemorrhagic complications due to marrow hypoplasia.
The occurrence of GF is associated with several factors,
including underlying disease, human leukocyte antigen disparity,
conditioning regimen, graft, cell counts, and donor-specific
antibodies (DSA) (1). While the incidence of GF is <5% in
general, it is more frequent in patients after haploidentical
stem cell transplantation, where the incidence is around
10% in T cell-depleted modality (2), 13% in post-transplant
cyclophosphamide-based T cell depleted modality (3), and 1% in
the Beijing protocol (4). Although it is a rare complication, the
mortality of GF is almost 100% without salvage therapy (5).

While second transplantation is almost the only salvage
therapy available, the prognosis after second transplantation
is still very poor, and the overall survival (OS) reported in
retrospective studies was 11–37% (6–8). A possible reason for
this may include the high treatment-related mortality. It is
therefore important to develop a better method for second
transplantation with a safe conditioning system that can ensure
successful engraftment and avoid early toxicity. However, there is
currently no consensus on protocols for second transplantations
after GF. Herein, we report on a prospective single-center study
using a reduced-intensity conditioning regimen with different
haploidentical donors (HIDs).

MATERIALS AND METHODS

Study Design
This prospective, single-arm clinical trial was performed at the
Peking University Institute of Hematology, China. This study
was approved by the ethics committee of Peking University
People’s Hospital. All patients provided written informed consent
before enrollment. The study was registered as a clinical trial
(ClinicalTrials.Gov: NCT03717545). The inclusion criteria were
as follows: (1) diagnosis of acute leukemia, myelodysplastic
syndromes, or lymphoma; (2) graft failure after the first
allogeneic stem cell transplantation; and (3) signed informed
consent to the current study. Patients will be excluded if with
any of the following criteria: (1)uncontrolled active infection;
(2)unctrolled active GVHD; (3)significance organ dysfunction:
serum total bilirubin≥2ULN or serum creatine ≥1.5 upper limit
of normal (ULN), or ejection fraction<50%, or symptomatic

heart failure; (4)poor performance (ECOG >2); (5)expected life
<28 days; (6) patient can not cooperate the treatment; (7)the
physician evaluated as not suitable. From March 1, 2018 to April
30, 2020, a total of 13 patients were enrolled in this study. The last
follow-up date was July 31, 2020.

Protocol for the Second Transplantation
The conditioning regimen consisted of the following agents:
fludarabine (30 mg/m2/day, injected i.v.) from day−6 to
day−2; cyclophosphamide (1,000 mg/m2/day, injected i.v.) on
days−5 and−4. A different HID was selected for the second
transplantation. The donor was administered with granulocyte
colony-stimulating factor (G-CSF) 5 ug/kg/d from day−3 to
the end of collection. All of the recipients except one (due to
coronavirus disease, the planned bone marrow collection was
canceled) were administered G-CSF-mobilized bonemarrow and
peripheral blood stem cells (PBSC). Bone marrow was harvested
on day 1, and PBSC was harvested on day 2. Graft-vs.-host
disease (GVHD) prevention consisted of basixilimab 20mg on
days −1 and + 4, plus cyclosporine A (trough concentration
150–250 ng/ml), and mycophenolate mofetil. The infection
prophylaxis was based on our protocol as previously literature
(4). Cytomegalovirus (CMV) and Epstein-Barr virus (EBV)
were monitored twice per week using real-time polymerase
chain reaction. Hematopoietic chimerism was evaluated using
fluorescent in situ hybridization for sex-unmatched pairs or using
the short tandem repeat technique.

Definitions
The primary endpoint was neutrophil engraftment within
28 days after the second transplantation. The secondary
endpoints were platelet engraftment, acute GVHD (aGVHD),
chronic GVHD (cGVHD), CMV reactivation, EBV reactivation,
relapse, treatment-related mortality (TRM), OS, and disease-
free survival.

Neutrophil engraftment was defined as the first of three
consecutive days with an absolute neutrophil count ≥0.5 ×

109/L. Platelet engraftment was defined as the first of seven
consecutive days with a platelet count ≥20 × 109/L without
transfusion dependence. Primary GF was defined as the failure to
surpass a threshold absolute neutrophil count of 0.5 × 109/L by
day 28 after transplantation. Secondary graft failure was defined
as subsequent cytopenia of at least two lines (i.e., neutrophil
decline to < 0.5 × 109/L, platelet count decline to <20 × 109/L)
after initial engraftment. Complete donor chimerism was defined
as the presence of at least 95% donor hematopoietic cells. aGVHD
and cGVHD were graded according to previous criteria (9, 10).
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OS was defined as the time from the first day of transplantation
to the time of death as a result of any cause. Follow-up data
for survival were recorded when the patient was last verified
to be alive. Disease-free survival (DFS) was defined as the time
from transplantation to the time of relapse, disease progression,
or death, whichever occurred first. Relapse was defined as the
reappearance of blasts in the blood, bone marrow (>5%), or any
extramedullary site after complete remission. TRM was defined
as any cause of death other than relapse. The hematopoietic cell
transplantation-specific comorbidity index score was evaluated
according to the literature (11).

Statistical Analyses
Continuous variables were represented as medians, and
categorical variables were represented as percentages. OS and
DFS were estimated using the Kaplan–Meier method. The
cumulative incidences of engraftment, GVHD, treatment-related
mortality (TRM), and relapse were estimated using a competing
risk model. Death and relapse without developing GVHD were
treated as competing events for GVHD, whereas relapse and
TRM were treated as events competing with each other. A p
< 0.05 for a two-sided test was considered to be significant.
The multivariate Cox proportional model and survival analysis
were calculated with SPSS software (SPSS 16.0, Chicago, IL,
USA). The cumulative incidence was calculated with R statistical
software, version 3.6.0 (R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS

Patient Characteristics
From March 1, 2018 to April 30, 2020, a total of 13 patients
were enrolled in this study. The last follow-up date was July
31, 2020. Detailed information on demographic information,
disease information, and first transplantation are summarized in
Table 1. At the time of the first transplantation, six patients were
DSA positive, among which there were four patients with mean
fluorescence intensity >5,000, who were administered rituximab
and received third-party cord blood (CB) transplants according
to our protocol (12).

At the time of the second transplantation, 12 were primary
GF cases, and one was a secondary GF case (Table 2). At the
diagnosis of GF, three cases were identified as having complete
donor chimerism, four had mixed chimerism, and six had
complete recipient chimerism. The median time from the time
of first transplantation to second transplantation was 42 days
(range, 33–120 days). For the second transplantation, the median
donor age was 47 (10–69) years.

Outcomes After the Second
Transplantation
Engraftment
All patients achieved complete donor chimerism after the second
transplantation. The median time of neutrophil engraftment was
13 (range, 10–21) days after the second transplantation. Ten
out of 13 (76.9%) patients achieved platelet engraftment at the

TABLE 1 | Patient characteristics at first transplantation.

Variables Value

Age (years), median (range) 37 (8–55)

Gender, man (%) 5 (38.5%)

Underlying disease (status)

AML (CR1/CR2) 5 (5/0)

ALL (CR1/CR2) 5 (3/2)

MDS (EB1) 2

NHL 1

DSA-MFI

0 7

0–2,000 1

2,000–5,000 1

5,000-10,000 4

Donor type

Unrelated donor 2

Haploidentical donor 11

Donor gender (male/female) (2 unknown) 9/2

Donor ABO (match/ major mismatch/ minor

mismatch/ bidirectional mismatch)

5/4/3/1

Conditioning regimen

Bu-based 12

TBI-based 1

First graft

BM + PB 11

PB 2

Third-party CB* 2

MNC (×108/kg), median (range) 8.46 (5.68–24.5)

CD34+ cell dose (×106/kg), median (range) 1.54 (0.64–9.28)

AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; MDS(EB1),

myelodysplastic syndrome with excessive blast−1; NHL, non-Hodgkin lymphoma;

CR1, first complete remission; CR2, second complete remission; DSA, donor specific

antibodies; MFI, median fluorescence intensity; Bu, busulfan; TBI, total body irradiation;

BM, bone marrow; PB, peripheral blood; CB, cord blood; MNC, mononuclear cell.

last follow-up. The median time of platelet engraftment was 16
(range, 9-78) days after the second transplantation (Figure 1).

GVHD
Nine patients developed aGVHD, of which three were grade 1, 3
were grade 2, and 3 were grade 3-4. The cumulative incidence of
grades 2-4 aGVHD on day 100 was 44.4%. Eleven patients were
evaluated for cGVHD. Two patients developed cGVHD. The
cumulative incidence of cGVHD at 1 year was 17.9% (Figure 2).

TRM
None of the patients died within 30 days after the second
transplantation. At the last follow-up, four patients died due to
transplant complications, two were due to severe infection, and
t were due to severe GVHD. The cumulative incidence of TRM
at 30 days, 100 days, 180 days, and 1 year was 0, 0, 15.3, and
23.1%, respectively.
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TABLE 2 | Summary of the second transplantation.

Variables Value

GF type

Primary 12

Secondary 1

Chimerism

Complete donor 3

Mixed 4

Completed recipient 6

Time from the first to second transplant (days) 42 (33–120)

Second donor

Donor age (years) 47 (10–69)

Donor gender, man (%) 5

Donor relation (parents/sibling/child/other) 6/4/2/1

DSA positive 1

Second graft

BM + PB 12

PB 1

Third-party CB 1

MNC 9.44 (5.95–12.51)

CD34+ 1.76 (0.75–5.57)

Engraftment

Neutrophil 13 (10–21)

Platelet 16(9–78)

Grade 2-4 Agvhd 44.4%

1-year TRM 23.1%

1-year relapse 23.1%

1-year DFS 48.4%

1-year OS 56.6%

GF, graft failure; DSA, donor specific antibodies; BM, bone marrow; PB, peripheral blood;

CB, cord blood; MNC, mononuclear cell; aGVHD, acute graft vs. host disease; TRM,

treatment-related mortality; DFS, disease-free survival; OS, overall survival.

Infection
Eleven patients developed CMV reactivation. The cumulative
incidence of CMV reactivation on day 100 was 84.6%. Only one
patient developed EBV reactivation 14 days after transplantation.

Relapse
At the last follow-up, three patients relapsed at 72, 93, and 273
days after transplantation, respectively. The cumulative incidence
of relapse after 1 year was 23.1%. Among the three relapses,
two died without any further treatment, and one survived
without disease after undergoing chimeric antigen receptor T-
cell therapy.

OS and DFS
The median follow-up time for survivors was 515 (range 92–
869) days after the second transplantation. At the last follow-up,
seven patients were alive. Among the six deaths, four were due
to TRM, and two were due to relapse. The OS and DFS at 1 year
after the second transplantationwere 56.6 and 48.4%, respectively
(Figure 3).

DISCUSSION

A second transplantation is almost the only salvage method

for graft failure. The key point to successful re-transplantation

consists of several important factors, including the optimal
conditioning regimen, the donor, and supportive treatment.

Unfortunately, there is no standard method for salvage
transplantation. In the current study, we demonstrated
that a transplantation with a reduced-intensity fludarabine
and cyclophosphamide (Flu/Cy) conditioning regimen
from different HIDs provides a very successful salvage for
patients with GF after stem cell transplantation. Previous
reports of salvage haploidentical stem cell transplantation
were of small patient populations and case series, and
importantly, most were retrospective and heterogenous in
terms of conditioning regimens and protocol (13–21). To
the best of our knowledge, this is the first prospective study
investigating salvage haploidentical transplantation in patients
with GF.

Due to the urgent need for a second transplantation in patients
with GF, fast preparation of the donor is critical in clinical
practice. Obviously, it is not practical to search for unrelated
volunteer donors from the registry. CB and HIDs are alternative
choices. A recent Japanese study demonstrated the engraftment
advantage of an HID over CB (22). Beyond that, the HID has
several other advantages, such as wide availability of multiple
donors and sufficient cell number. Therefore, haploidentical
transplantation as a salvage for GF is a promising choice.

Because a second transplantation is usually performed
soon after the first transplantation, reconditioning might lead
to significant accumulative organ toxicities and TRM. It
has been demonstrated that a reduced-intensity conditioning
regimen is associated with favorable outcomes in previous
reports (22, 23). Thus, while a reduced-intensity conditioning
regimen is generally recommended for second transplantation,
there is no standard conditioning regimen. Most previous
reports utilize fludarabine- and/or total body irradiation
(TBI)-based conditioning regimens (summarized in Table 3).
The optimal conditioning regimen should maintain sufficient
immunosuppressive effects on one hand to promote engraftment,
while on the other hand it should have a reduced intensity to
lessen the toxicity given that patients are very fragile soon after
the first transplantation.

It is encouraging that none of our patients had an early death
due to regimen-related toxicity. Our conditioning regimen is less
intense than the regimens used in previous reports. In addition,
in our current regimen, we did not include TBI because to do
so would mean leaving the protection of the laminar flow bed,
increasing the risk of infection. Interestingly, although it seems
to be less intense than almost all previous reports, the Flu/Cy
regimen used in our study demonstrated very good performance
in terms of fast engraftment. This suggests that the re-transplant
conditioning regimenmight not need to be so intense in the early
period after the first transplantation as that might have already
suppressed the recipient immune system to some extent. Our
results indicate that the Flu/Cy regimen in our study meets the
criteria of our previously defined optimal conditioning regimen.
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FIGURE 1 | Engraftment (A) neutrophil engraftment; (B) platelet engraftment.

FIGURE 2 | GVHD after second transplantation (A) grade 2-4 aGVHD; (B) chronic GVHD.

However, further studies are needed to confirm our preliminary
encouraging results.

It is still unclear whether the patients should undergo a second
transplantation from a different donor or the same donor. The
results of previous reports are controversial (8). It is difficult to
draw conclusions from previous studies because all these reports
are retrospective studies with very small sample sizes and highly
heterogeneous populations, transplant protocols, and donor type.

The association of DSA with graft failure has been clearly
demonstrated in mismatched unrelated donor transplantation,
cord blood transplantation, and haploidentical transplantation.
Therefore, transplantation for graft failure due to DSA should
with a different donor. Furthermore, the mechanism of graft
failure has not been fully elucidated, there might be some
donor-recipient interaction beyond DSA. We hypothesize that
a different HID with different mismatched haplotypes might be
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FIGURE 3 | Outcomes after second transplantation. (A) OS; (B) DFS; (C) CIR; (D) TRM.

a preferred donor choice to avoid a second rejection, especially
for those with suspected T-cell rejection as the cause of GF. In
our study, we used a different donor, and this demonstrated
very encouraging results. Recently, Kongtim et al. suggested
that a second transplantation with the same donor has a high
engraftment failure rate and TRM. In that study, only four
out of the seven patients that received the same donor for
the second transplantation, engrafted successfully. However, all
seven of those patients died of NRM, while all of the patients with
different donors engrafted successfully. Changing to a different
donor might be one of the important features of a successful
engraftment (21). Furthermore, using an initial donor in a very
short period might increase the risk for re-collection with the
initial donor. Considering that it is not possible to perform a
randomized study to investigate the impact of different donors,

re-transplantation with different HIDs might be a very practical
method. However, this requires further validation.

It is interesting that the GVHD prophylaxis seems to
be less intensive than that used for first haploidentical
transplantation, while the GVHD incidence is acceptable.
Patient retransplanted at early time after first transplantation
might still at intensive immunosuppressed status. The
possible reasons might include the poor reconstitution
of hematopoiesis, and also the drugs used for first
transplantation might still have impact (such as ATG
which could be detected in serum up to 3-4 months
after transplantation).

Although our regimen demonstrated excellent engraftment
and an early safety profile, the GVHD and infection
complications observed were still very high. Therefore, this
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TABLE 3 | Summary of reports utilizing haplo-SCT as salvage for graft failure.

Year Author Country Study N First

donor

Disease GF type Time

to

2SCT

Second conditioning Second

donor

Different

donor

GVHD

prophylaxis

Engraftment aGVHD cGVHD Relapse TRM OS DFS

2012 Yoshihara

et al. (13)

Japan R 8 CB3,

Haplo5

M, 9 pGF6,

sGF2

36 FLU90THI10ATG2-5TBI2-4 Haplo 5/8 FK + MP 8/8 4/8 0 1/8 3/8 5/8 4/8

2012 Kanda

et al. (19)

Japan R 11 haplo6,

CB2

M, 10;

NM, 1

FLU30CY2ALE20TBI2 haplo19msd1 5 MMF + CNI 10/11 3/8 4/8 3/11 8/11

2014 Moscardo

et al. (15)

Spain R 11 CB M9, NM2 pGF7,

sGF4

46 FLU150ATG8 Haplo 11 T cell

depletion

7/11 1/7 2/6 2/7 6/11 3/11

2015 Tang et al.

(16)

China R 17 CB M 17 pGF17 38 FLU120ATG7.5CY50TBI3 Haplo 17 CSA +

MMF

14/17 6/14 5/12 7/17 10/17

2017 Mochizuk

et al. (18)

Japan R 6 CB4,

Haplo2

AL 6 pGF 28-126 FLU90-140MEL140ATG Haplo 5 FK + PRED

+ MTX

5/5 4/5 3/5 2/6 4/6

2018 Kliman

et al. (14)

Australia R 5 CB1,

Haplo2,

URD2

M2, NM3 pGF2sGF3 FLU150CY29TBI2 Haplo PTCy +

MMF + FK

5/5 1/5 1/5 3/5

2019 Wegenr

et al. (20)

Germany R 33 M25,NM8 22 TNI7 based Haplo28 27 T cell

depletion

32/33 22.3% 65.1%

2019 Prata et al.

(17)

France R 24 CB M20,

NM4

Mainly Flu/Cy/TBI Haplo 20 PTCy +

CSA

79% 14% 31% 8/24 56%

2020 Kongtim

et al. (21)

USA R 31 Haplo19,

CB8

M31 48 Mainly Flu/Cy/TBI Haplo 24 PTCy +

MMF + FK

27/31 35.5 14.9 14.9% 59% 22%

2020 Current

study

China P 13 URD2,

Haplo11

M13 pGF12,

sGF1

FLU/Cy Haplo All CsA +

MMF +

basixilimab

13/13

R, retrospective; P, prospective; CB, cord blood; haplo, haploidentical; URD, unrelated donor; pGF, primary graft failure; sGF, secondary graft failure.
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protocol requires further investigation and optimization to
reduce GVHD and infection which would translate into
long-term survival.

In conclusion, this phase-2 prospective study demonstrated
that a second transplantation with Flu/Cy conditioning from
a different HID was a successful salvage for GF after first
transplantation in patients with hematological malignancies.
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