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Key Points

• Haplo-HSCT results in
encouraging disease-
free survival despite
significant hemorrhagic
cystitis in the MAC
arm.

• Early cessation of CNI
is feasible in haplo-
HSCT, with most
patients discontinuing
immunosuppression at
12 months.
Haploidentical hematopoietic stem cell transplant (haplo-HSCT) using posttransplant

cyclophosphamide (PTCy) is appropriate for those who lack matched donors. Most studies

using PTCy have been retrospective making conclusions difficult. ANZHIT-1 was a phase 2

study conducted at 6 Australian allogeneic HSCT centers. The primary end points were

disease-free and overall survival at 2 years after HSCT. The reduced-intensity conditioning

(RIC) included fludarabine, cyclophosphamide, and 200 cGy total body irradiation, and the

myeloablative conditioning (MAC) was IV fludarabine and busulfan. PTCy, MMF and a

calcineurin inhibitor (CNI) were used for graft-versus-host disease (GVHD) prophylaxis.

CNIs were weaned and ceased by day +120 in eligible patients on day 60. Patients (n = 78)

with hematological malignancies were included in the study, with a median follow-up of

732 days (range, 28-1728). HSCT was RIC in 46 patients and MAC in 32 patients. Disease-free

survival probability at 2 years was 67.5% (95% [CI], 53.2-85.6) for MAC recipients and 68.3%

(95% CI, 56.3-83.01) for RIC recipients. Transplant-related mortality (TRM) on day 100 and

year 1 was 4.9% (95% CI, 1.6-15.3) and 17.9% (95% CI, 8.8-36.5), respectively, in the MAC

group compared with 3.1% (95% CI, 0.8.1-12) and 11.6% (95% CI, 6-22.4), respectively, in the

RIC group. The median time for elective cessation of CNI was day 142.5 days, with no excess

chronic GVHD (cGVHD) or mortality. Of the evaluable patients, 71.6% discontinued

immunosuppression 12 months after transplant. This prospective haplo-HSCT trial using

PTCY demonstrated encouraging survival rates, indicating that early CNI withdrawal is

feasible and safe.
Introduction

Allogeneic stem cell transplant (HSCT) is a potentially curative procedure for a wide range of hema-
tological conditions. The donor choice for transplant is classically determined by the availability of a
HLA-matched sibling or an unrelated donor. However, a large number of patients, based on HLA
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heterogeneity, cannot access these donor sources, as demon-
strated by an analysis of the National Marrow Donor Program in
2014.1 Thankfully, partially HLA-mismatched related (hap-
loidentical) donors can be identified for the vast majority of these
patients, particularly among those with a non-white background.1

Historically, haploidentical hematopoietic stem cell transplant
(haplo-HSCT) has been complicated because of excessive graft-
versus-host disease (GVHD), transplant-related mortality (TRM),
and poor overall survival (OS) due to major HLA mismatch.2

The advent of posttransplant cyclophosphamide (PTCy) in 2008,
however, substantially mitigated GVHD,3 making haplo-HSCT
increasingly safer and more widely used. PTCy has been demon-
strated to significantly reduce both acute GVHD (aGVHD) and
chronic GVHD (cGVHD) in both the haploidentical4 and matched
settings.5,6 More recently, the potent effects of PTCy have allowed
for successful transplantation, even in patients receiving mis-
matched allografts.7 Consequently, the use of haplo-HSCT has
markedly increased globally over the last 10 years, whereas the use
of other alternative sources, such as cord blood, has decreased
significantly.8 This trend has also been highlighted in annual sur-
veys from the European Society for Blood and Marrow Trans-
plantation (EBMT), in which haplo-HSCT has increased threefold
from 2008 to 2018.9

Despite this increased activity in haplo-HSCT, there are few multi-
center prospective trials assessing the optimal regimen for the
growing number of patients with haplo-HSCT in need of allografting.
The original Baltimore protocol3 has been the standard for reduced-
intensity conditioning (RIC) regimens over the last decade and has
been widely adopted. However, the use of bone marrow as a stem
cell source and the relatively high rate of relapse (as reported by the
same group10) suggests that refinement is warranted. In the mye-
loablative conditioning (MAC) setting, there are no accepted standard
regimens, and very few studies have assessed a specific regimen
prospectively. The vast majority of studies examining the use of haplo-
HSCT have been retrospective and through co-operative groups
using multiple conditioning regimens and both stem cell sources,11

thus making the interpretation of outcomes challenging.

Here, we present a prospective, multicenter study of haplo-HSCT
using predefined MAC and RIC and GVHD regimens, with the
stratification of patients based on the HCT-comorbidity index12

(HCT-CI) and age. The ANZHIT-1 study used the Baltimore
regimen for RIC recipients and fludarabine busulfan regimen for
MAC recipients. The study was overseen by an independent safety
data monitoring committee, with a primary objective of overall and
disease survival at 2 years. Peripheral blood was the stem cell
source in all patients. Given the high rate of relapse in some
studies,10 there were predefined criteria for ceasing immunosup-
pression early, when feasible, given the suggestion that earlier
cessation with bone marrow as the donor source may lead to a
reduced incidence of relapse.13

Methods

Study design and patients

This was a human research ethics committee–approved prospec-
tive, multicenter, phase 2 study of peripheral blood haplo-HSCT
(the ANZHIT-1 study). All recipients were patients without an
HLA-matched sibling or 10/10 HLA-matched unrelated donors in
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all available unrelated donor registries. Haploidentical donors were
identified using appropriate HLA serological and molecular typing.
Molecular typing for HLA-A, -B, -C, HLA-DRB1, and HLA-DQB
genes was performed for all donor–recipient pairs. However, the
definition of haploidentical was based on the matching of 3 or 4 of
HLA-A, -B, and -DRB1 antigens in first-degree relatives. The study
was registered in the Australian/New Zealand Clinical Trials Reg-
ister before enrollment of the first patient (ACTRN
12617000151336). ANZHIT-1 was conducted between 2015 and
2020 at 6 Australian allogeneic HSCT centers, with St Vincent’s
Hospital, Sydney, being the lead site Human Research Ethics
Committee (HREC 15/100). All the patients underwent peripheral
blood HSCT from haploidentical family members after obtaining
written informed consent. Allocation of patients to the MAC or RIC
regimen was at the discretion of the attending physician, but pro-
tocol guidelines suggested that patients with HCT-CI < 3 and/or
age < 50 years receive MAC and those with HCT-CI ≥ 3 and/or
age > 50 years receive RIC. Data were collected in an online
electronic case report form through the Australasian Bone Marrow
Transplant Recipients Registry.

Power calculations for the study were applied to the MAC arm,
given the lack of prospective data using fludarabine busulfan in the
haplo-HSCT setting. The hypothesis was that the MAC regimen
would reduce the relapse rate without increased toxicity and
improve disease-free survival from 50% to 75%. Based on the
single-stage design by A’Hern, a sample size of 24 patients will
have >80% power, with 95% confidence to exclude a 50%
disease-free survival rate in favor of the more favorable 75% rate.

This study was conducted in compliance with the Declaration of
Helsinki and any subsequent amendments, the ICH Guidelines for
Good Clinical Practice (CPMP/ICH/135/95) annotated with TGA
comments (July 2000), the NHMRC National Statement on Ethical
Conduct in Research involving Humans (2007) and any applicable
local guidelines. All the patients were fully informed before signing
the approved informed consent forms. Serious adverse events
were reported to the local human research ethics committee per
ICH Good Clinical Practice guidelines as an untoward medical
occurrence in a trial participant. These serious adverse events were
graded based on the Common Terminology Criteria for Adverse
Events (CTCAE version 5.0).

Treatment schedule

Peripheral blood stem cells were collected after mobilization with
granulocyte colony–stimulating factor from haploidentical donors,
as per the institutional guidelines. The dose of CD34+ cells
transplanted into the peripheral blood stem cell product was rec-
ommended, although not mandated, from a minimum of 2 × 106/kg
to a maximum of 5 × 106/kg body weight.

Patients who underwent MAC peripheral blood stem cell transplant
received fludarabine 40 mg/m2 per day on days −5, −4, −3,
and −2 and IV busulfan 3.2 mg/kg on days −5, −4, −3, and −2.
GVHD prophylaxis consisted of PTCy 50 mg/kg on days +3
and +4, cyclosporin 3 mg/kg per day, commencing on day +5, IV,
until engraftment and then orally. Mycophenolate 15 mg/kg, IV or
orally, was administered from day +5 to day +35.

Patients who underwent RIC allogeneic transplant received flu-
darabine 30 mg/ m2 per day on days −6, −5, −4, −3, and −2,
ANZHIT-1: A PROSPECTIVE HAPLOIDENTICAL HSCT 5555



IV cyclophosphamide 14.5 mg/kg per day on days −6 and −5, and
total body irradiation 200 cGy on day -1. GVHD prophylaxis con-
sisted of PTCy 50 mg/kg on days +3 and +4, tacrolimus in 2
divided daily oral doses to target blood levels from 5 to 15 ng/ml,
commenced on day +5. Mycophenolate 15 mg/kg, IV or orally, was
used from day +5 to day +35.

As per the protocol, tacrolimus and cyclosporine administration
was tapered on day +60; and if there was no evidence of grade 2-4
aGVHD, relapse, death, or low chimerism, calcineurin inhibitors
(CNIs) could be electively weaned according to institutional
guidelines from day +60 to day 120, provided there was no evi-
dence of GVHD. Optional donor lymphocyte infusions
commencing at a CD3 cell dose of 0.5 × 106 per kg body weight at
day +120 could be administered to those deemed to be at high risk
for relapse by the treating physician. Donor-specific antibodies
were managed with IV rituximab 375 mg/m2 weekly × 4 (days 35,
28, 21, and 14) and plasma exchange on days −1 and 0.

Supportive care was performed per institutional guidelines, but all
patients were advised to receive adequate Pneumocystis jirovecii,
Aspergillus, and herpetic prophylaxis along with immunosuppres-
sion. Cytomegalovirus (CMV) prophylaxis was not used, but weekly
CMV and Epstein-Barr virus (EBV) polymerase chain reaction
monitoring was advised from day +21 to day +100. Letermovir was
not used for CMV prophylaxis because it was not available in the
Pharmaceutical Benefits Scheme in Australia during the study. Pre-
emptive therapy for CMV or EBV reactivation was at the discretion
of individual centers based on their own policies and guidelines.

Definitions and end points

The primary objective of this study was to assess the probability of
disease-free survival (DFS) and OS at 2 years in both the MAC and
RIC cohorts. OS was defined as the time in days until death from
any cause. DFS was defined as the time from the transplant to the
first disease progression/relapse or death (whichever occurred
first). GVHD, relapse-free survival (GRFS) was defined as the time
to any of the following end points, as previously described14: alive
with no relapse, no aGVHD (grade 3-4), and no cGVHD requiring
systemic treatment. aGVHD was assessed using the Center for
International Blood and Marrow Transplant Research (CIBMTR)
criteria,15 and cGVHD was assessed using the National Institutes
of Health consensus document.16

The time to GRFS was determined as the earliest among the times
to aGVHD (grade 2-4), relapse, or death. Safety, measured based
on the TRM, was defined as death due to complications from the
transplant procedure after stem cell infusion that were not due to
the underlying disease.

Stopping rules

The study was overseen by a safety data monitoring committee
(SDMC) consisting of a statistician and 2 hematologists who were
not investigators at any site involved in ANZHIT-1. The committee
met every 3 months to review safety, as measured based on the
TRM. An overall 100-day TRM of 30% observed in the MAC arm
would require closure of the trial in that arm. The stopping rule for
the IV fludarabine/busulfan MAC arm was that if after 12 patients
had been observed for 180 days, the number of patients experi-
encing TRM exceeded 7, consideration would be given to closing
that arm of the study.
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Statistical analysis

OS and DFS were analyzed using the Kaplan-Meier method at
12 months and then yearly. TRM at day 100 and 1 year was
calculated using the cumulative incidence function, with relapse or
death (other than TRM) as competing risks, with point estimates
reported on day +100 and 1 year. Neutrophil engraftment was
defined as the first date of the first of 3 consecutive absolute
neutrophil counts ≥0.5 × 109/L on different days. Platelet
engraftment was defined as the date of the first of 3 consecutive
laboratory values ≥20 × 109/L obtained on different days when no
platelet transfusion was given within the preceding 7 days. The
time to successful engraftment was analyzed using a cumulative
incidence function, with relapse and death as competing risks.
Disease relapse was estimated using cumulative incidence func-
tions, with death as a competing risk. Multivariate analysis of pre-
dictive factors associated with OS, DFS, and TRM was conducted
using Cox regression. Several relevant covariates were considered
for the univariate and multivariate analyses of DFS, OS, GRFS, and
TRM. Covariates analyzed included conditioning regimen, CMV
status, age, underlying disease (acute myeloid leukemia [AML] vs
others), disease risk index (DRI) (low/intermediate vs high/very
high), previous autologous transplant, CD34 cell dose, CD3 dose,
donor age and relationship, HCT-CI (> or <3), time to elective
cessation of CNI, aGVHD grade (1/2 vs 3/4), and cGVHD (none/
mild vs moderate/severe). For each outcome of interest, univariate
models were fitted using SAS PROC PHREG, and a hazard ratio
was obtained with 95% confidence limits and a P-value. All terms
with a P < .2 or a hazard ratio [HR] < 0.8 or > 1.2 were considered
for inclusion in a multivariate model. The final MV model for each
outcome was chosen based on automated selection procedures,
best subsetapproach together with clinical judgment, and model fit
statistics (AIC).

P ≤ .05 was considered significant. All analyses were
performed using SAS version 9.4 or higher, and R version 4.0.3
(2020-10-10).

Results

Patient characteristics

Seventy-eight patients (52 male and 26 female) were enrolled in
ANZHIT-1, with patient demographics outlined in Table 1. The
median age was 38 years (range, 18-59) in the MAC arm and 59
years (range, 20-69) in the RIC arm. The median follow-up was
732 days (range, 28-1728). Thirty-nine patients had AML (21 in
CR1 and 18 in CR2), 12 had acute lymphoblastic leukemia (8 in
CR1 and 4 in CR2), 14 non-Hodgkin or Hodgkin lymphoma (1 in
CR1 and all others in CR >2), 4 had myelodysplastic syndrome,
and 9 had other hematological malignancies (supplemental
Table 1). Most patients received RIC (n = 46%-59%), whereas
the remainder received MAC (n = 32%-41%). Most patients were
in remission at the time of transplant, with low/intermediate DRI in
87.5% of MAC and 82.2% of RIC recipients. HCT-CI was ≥3
years in none of the MAC recipients and 21.7% of the RIC
recipients. The median age of the donors was 28.5 years (range,
14-65) for MAC recipients and 34 years (range, 21-68) for RIC
recipients. Transplant donors were siblings in 50%, offspring in
43.6%, and parents in 5.3% of the cases. The median infused
CD34 dose was 5 × 106 CD34 cells per kg (range, 2.7-8.4) in both
the MAC and RIC cohorts.
26 SEPTEMBER 2023 • VOLUME 7, NUMBER 18



Table 1. Baseline patient demographics

MAC RIC

N 32 46

Male, N (%) 21 (65.6) 31 (67.4)

Female, N (%) 11 (34.4) 15 (32.6)

Age (med) (y)
(Min-Max)

38.0 (18-59) 59.0 (20-69)

Diagnoses

AML 14 (43.8) 25 (54.3)

CR1 8 13

CR2 6 11

ALL 9 (28.1) 3 (6.5)

CR1 7 1

CR2 2 2

CML 1 (3.1) 0 (0.0)

MDS 3 (9.3) 2 (4.3)

NHL 3 (9.3) 7 (15.2)

CR1 0 1

CR2 1 1

>CR2 2 5

HL 0 4 (8.7)

CR1 — 0

CR2 — 2

>CR2 — 2

MPD/MM/other 2 (6.2) 5 (10.9)

DRI

Low 4 (12.5) 11 (24.4)

Intermediate 24 (75) 26 (57.8)

High 4 (12.5) 8 (17.8)

HCT-CI

<3 32(100) 36 (78.3)

≥3 0(0) 10(21.7)

Karnofsky performance status (%)

≥90 83.4 60.8

<90 17.6 39.2

Previous auto HSCT 3 (9.4) 6 (13)

CMV serology

Positive 25 (78.1) 39 (84.8)

Negative 7 (21.9) 7 (15.2)

Donor age (med) (y)
(min-max)

28.5 (14-65) 34.5 (21-68)

Donor relation

Offspring 7 27

Sibling 22 17

Parent 3 1

ALL, acute lymphoblastic leukemia; Max; maximum; MDS, myelodysplastic syndrome; Min,
minimum; MM; med, median; MPD, myeloproliferative disease.
OS and DFS

DFS probability at 2 years was 67.5% (95% confidence interval
[CI], 53.2-85.6) for MAC recipients and 68.3% (95% CI, 56.3-
26 SEPTEMBER 2023 • VOLUME 7, NUMBER 18
83.01) for RIC recipients (Figure 1). The OS probability at 2 years
was 72.2% (95% CI, 58.2-89.4) for MAC recipients and 74%
(95% CI, 62.7-87.5) for RIC recipients (Figure 1). The incidence of
disease relapse was higher in the RIC cohort (13.9% at 12 months,
increasing to 17.7% at 24 months) than in the MAC cohort (7.9%
at 12 months, then increasing to 10.2% by 24 months), but the
difference between cohorts was not statistically significant (P =
.285; Figure 2).

Subset analysis: AML

The major indication for haplo-HSCT was AML, with 39 of 78 (50%)
patients accrued; thus, a subgroup analysis was performed. The DFS
probability at 2 years was 76.1% (95% CI, 57.4-100) for MAC
recipients and 72.3% (95% CI, 56.8-91.9) for RIC recipients (P =
.77). The OS probability at 2 years was 85.5% (95%CI, 68.8-100) for
MAC recipients and 70.9% (95% CI, 55.1-91.2) for RIC recipients
(P = .31). Kaplan-Meir curves for the AML subset are available in
supplemental Figure 3. AML was also included in the univariate and
multivariate analyses, and this demonstrated no significant relationship
with outcomes such as DFS/OS/GRFS or TRM.

Engraftment and early toxicity

The median neutrophil and platelet engraftment times were
18 days (range, 12-92) and 28 days (range, 13-262) respectively,
with no difference between the MAC and RIC cohorts. Neutrophil
engraftment occurred by day 30 in 87.7% of MAC recipients and
93.6% of RIC recipients.

Cytokine release syndrome occurred in 27 of 78 (34.6%) recipi-
ents but was grade 1 in 25 of 27 patients, with 1 case of grade 2
and 3 each. A patient with grade 3 cytokine release syndrome at
day 4 required tociluzimab with full recovery.

The cumulative incidence of hemorrhagic cystitis was significantly
higher in MAC recipients (33.2%) than in RIC recipients (6.6%) on
day 120 (P = .007; Figure 3) and occurred at a median of 61 days
(range, 5-92) after transplantation. According to CTCAE version 5,
hemorrhagic cystitis was grade 3 in 5 patients, grade 1 in 5 patients,
and not recorded in 4 patients. Consistent with this finding, BK virus
reactivation was more common in MAC recipients (P = .013;
Figure 3) and occurred at a median of 52.5 days (range, 15-785).
CMV viremia was common, occurring in 78.9% of MAC and 83.4% of
RIC CMV+ recipients at 12 months, with no statistical difference
between the cohorts (Figure 3). Twelve months after transplantation,
the cumulative incidence of CMV disease (as opposed to viremia)
occurred in 8.1% (95% CI, 2.5-26.6) of patients receiving MAC and
7.6% (95% CI, 2.9-19.7) of patients receiving RIC. Veno-occlusive
disease occurred in 9.5% of MAC recipients and 2.2% of RIC
recipients on day 180 (P = .176). EBV reactivation occurred in 15.6%
of MAC and 13% of RIC recipients at 12 months (Figure 3). Of the
78 patients, 15 (19.2%) had a positive EBV polymerase chain reac-
tion result at any time point after transplantation. EBV viremia was
detected at a median day of 156 (range, 5-710). Only 1 of the 78
patients developed PTLD and was successfully treated with rituximab.
There were no deaths from PTLD.

The incidence of TRM on day 100 was 4.9% (95% CI, 1.6-15.3) in
the MAC cohort and 3.1% (95% CI, 0.8-12) in the RIC cohort. This
increased to 17.9% (95% CI, 8.8-36.5) at 12 months in the MAC
cohort and 11.6% (95% CI, 6.0-22.4) in the RIC cohort. This dif-
ference in TRM between cohorts was not statistically significant
ANZHIT-1: A PROSPECTIVE HAPLOIDENTICAL HSCT 5557
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Figure 1. Survival outcomes. (A) Probability of DFS in MAC (red)

and RIC (blue) recipients. (B) Probability of OS.
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Figure 3. Infectious morbidity. Cumulative incidence of (A) Hemorrhagic cystitis (P = .007), (B) BK viremia (P = .013), (C) CMV viremia (P = .604), and (D) Epstein-Barr viremia

in MAC (red) and RIC (blue) recipients.
(P = .365; Figure 2). The details of all cases of TRM are available in
supplemental Table 3. Independent SDMC was met on 6 occa-
sions between November 2017 and May 2019. The stopping rules
were not met, and the study was allowed to continue accrual until
April 2020.

GVHD and GRFS

The cumulative incidence of aGVHD grade 2-4 on day 100 was 20.
1% (95% CI, 9.5-42.5) in the MAC cohort and 35.1% (95% CI,
5560 MOORE et al
24.3-50.6) in the RIC cohort, but the difference between the
cohorts was not statistically significant (P = .152; Figure 4). Grade
3-4 aGVHD incidence was higher in the RIC cohort (19.2% vs
3.2% at 6 months; P = .076).

Overall, cGVHD at 1 year occurred in 48% and 47.2% of the
evaluable MAC and RIC recipients, respectively. Moderate-to-
severe cGVHD, according to the National Institutes of Health
consensus criteria, occurred in 12% and 27.7% of evaluable MAC
and RIC recipients, respectively, at 1 year. Consequently, the
26 SEPTEMBER 2023 • VOLUME 7, NUMBER 18
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Table 2. Multivariate analyses for DFS, OS, GRFS, and TRM

Variable

DFS

HR 95% CI P

Previous autologous HSCT:
no/yes

1.69 0.4-7.17 .473

DRI:
High/very high vs intermediate/low

2.33 0.98-5.55 .056

Variable

OS

HR 95% CI P

DRI:
High/very high vs intermediate/low

2.46 1.02-5.95 .046

Previous autologous HSCT:
yes/no

2.91 0.39-21.6 .296

Variable

GRFS

HR 95% CI P

DRI:
High/very high vs intermediate/low

2.36 1.1-5.06 .028

Variable

TRM

HR 95% CI P

MAC vs RIC 1.92 — .197

CD3 dose infused:
Less than median vs greater than or equal to median

0.34 — .063
probability of GRFS at 24 months was 62.80% (95% CI, 48.6-
81.1) in the MAC cohort and 54.88% (95% CI, 42.2-71.3) in the
RIC cohort (Figure 4).

Withdrawal of immunosuppression

Six patients ceased CNI before day 120 because of disease
recurrence or low chimerism, and 3 patients died of TRM
before day 120, leaving n = 9 patients excluded from the
elective CNI cessation analysis. Thus, there were 69 remaining
evaluable patients. This leaves 2 cohorts of patients as per
supplemental Figure 2: a group of 12 patients who experienced
early grade 2-4 GVHD before day 60 and the remaining 56
patients who did not develop aGVHD before day 60 and were,
thus, eligible for early elective CNI cessation as per the pro-
tocol. Patients in the elective cessation group (n = 56) dis-
continued CNI on a median day 142.5 (range, 47-1255),
whereas the early aGVHD group (n = 12) discontinued it on a
median day 548 (range, 45-816). There was no significant
difference in the OSs between the 2 groups (P = .42; data not
shown). Moderate-to-severe cGVHD occurred in 41.6% of the
early aGVHD cohort and 27.2% of the elective CNI cessation
cohort. Of the eligible patients (n = 69), 71.6% discontinued
immunosuppression at 12 months after transplantation (25%
patients with aGVHD 2-4 before day 60 and 82.1% patients
without aGHVD 2-4 before day 60).

DLIs

Six patients received a donor lymphocyte infusion (DLI) of 0.5 ×
106/kg at a median of 123.5 days (range, 105-601) after
transplant. Graft failure or loss of chimerism was the indication
of DLI in 3 of 6 patients: early molecular disease recurrence was
the indication in 1 patient, 1 patient received DLI for poor
engraftment with full donor chimerism, and the other was pre-
emptive because of high-risk disease (ALL CR2). Only 2 of 6
patients were alive at a median of 898.5 days (range, 156-
1096). The cause of death was GVHD in 2 patients and infec-
tion/graft failure in 2 patients. More details are provided in
supplemental Table 5.

Multivariate analysis of prognostic factors

The full results of the multivariate models are shown in Table 2. The
univariate analyses are provided in supplemental Tables 6-9.

For DFS, a 2-factor multivariate model was selected, with previous
autologous transplant and DRI as the variables. A high or very high
DRI was associated with an adverse DFS, although this was not
significant (HR, 2.33; 95% CI, 0.98-5.55; P = .056).

For OS, a 2-factor model was selected with previous autologous
transplant and DRI as the variables. A high or very high DRI was
associated with a statistically significant adverse OS (HR, 2.46;
95% CI, 1.02-5.95; P = .046).

For GRFS, a 1-factor model was selected with DRI was selected. A
high or very high DRI was associated with a statistically significant
adverse OS (HR, 2.36;95% CI, 1.1-5.06; P = .028).

For TRM, a 2-factor model was selected, which included the CD3
dose–infused and MAC vs RIC regimens. A lower infused CD3
dose was associated with nonstatistically significant improved TRM
(HR, 0.34; P = .063).
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Discussion

This prospective study of predefined conditioning regimens has
demonstrated promising 2-year survival rates from 72% to 74%,
using peripheral blood as the stem cell source. This result is
encouraging, given that a study of transplant outcomes using
sibling and matched unrelated donors over the same period from
majority of the same centers demonstrated a 2-year OS of
63.2%.17 The strength of the data in this study lies in the fact
that it was a prospective, multicenter design with stringent
stopping rules overseen by the SDMC. The ANZHIT-1 study
confirmed that peripheral blood as a stem cell source is both
feasible and safe, with acceptable GVHD rates, despite retro-
spective studies suggesting a higher GVHD rate using periph-
eral blood.18,19 Lack of toxicity, as measured based on the TRM,
in this analysis, was reassuring, with day-100 rates of 4.9%
(95% CI, 1.6-15.3) in the MAC cohort and 3.1% (95% CI, 0.8-
12) in the RIC cohort. In contrast, relapse remains a major
challenge in the RIC cohort, as previously demonstrated.10

However, delayed toxicity and morbidity were significant,
particularly with hemorrhagic cystitis and BK viremia in the MAC
cohort. Infectious morbidity was prominent in the ANZHIT-1
study, with CMV viremia occurring in 77% or 81% of the
patients who tested as seropositive. This high rate of CMV
viremia has previously been reported by CIBMTR20 and appears
to be unique to the PTCy setting. Unfortunately, letermovir was
not available during the time of this study, but it may be worth
exploring in future studies as a prophylactic agent. Patients also
experienced significant nonCMV viral infections with EBV and
BK/JC viruses, which were especially prominent. To our knowl-
edge, this is the first prospective analysis of these viruses in a
haploidentical setting and complements the recent retrospective
work of CIBMTR in this field.21
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A novel finding from this analysis is that immunosuppression can be
withdrawn early despite the use of peripheral blood as a stem cell
source. The median time to withdrawal of CNIs was day 147 in
those who did not experience aGVHD 2 or 4 by day 60. This
result compares favorably with those of studies using PTCy
GVHD prophylaxis in both matched22 or haploidentical set-
tings,13 in which cessation of immunosuppression is often
delayed until day 180 or later, although these studies used bone
marrow as the stem cell source. Similarly, Bejanyan et al23

demonstrated the median time to withdrawal of immunosup-
pression on day 255 after haplo-HSCT, using sirolimus and
mycophenolate. Importantly, there were no adverse outcomes in
the 56 patients who electively weaned from their calcineurin
inhibitor from day 60, with no excess GVHD or mortality in this
group. Importantly, 82.1% of this cohort remained without
immunosuppressed at 12 months, with 27.2% suffering from
moderate-to-severe cGVHD, suggesting that early elective
cessation of CNI is feasible and safe, provided there is no early
aGVHD 2 or 4 before day 60. It is possible that ceasing immu-
nosuppression early may have beneficial effects on infectious
morbidity, renal function, and relapse, although this would have
to be analyzed in a randomized setting. Multivariate analysis did
not demonstrate a beneficial survival effect on relapse, with the
withdrawal of immunosuppression before day 120; however, the
study was not powered to make such comparisons.

Despite the early withdrawal of immunosuppression in this study,
the rates of aGVHD and cGVHD were comparable with those of
other studies that also used peripheral blood as the stem cell
source, probably because of the potent protective effects of
PTCy. The rates of aGVHD in ANZHIT-1 were comparable with
those of several registry-based studies of haplo-HSCT, with day-
100 aGVHD 2 or 4 from 20% to 35.1%. This compares favorably
with a recent propensity score analysis by Huselton et al,24 in
which aGVHD 2-4 was from 29.6% to 35.8%. Similarly, a
CIBMTR analysis demonstrated an aGVHD 2-4 rate ranging
from 29% to 33% for haploidentical patients.25 In contrast, the
rate of aGVHD 3-4 in ANZHIT-1 was unexpectedly high in the
RIC cohort, at 19.2% at 6 months. Most of these patients had
grade 3 aGVHD, and the vast majority were alive (6 of 8) at the
last follow-up, consistent with only mild lower gut GVHD but
significant skin and liver GVHD. Similarly, the overall cGVHD rate
at 1 year in ANZHIT-1 is slightly higher than those showed by
both Gooptu et al25 and Huselton et al,24 but most of these
patients suffered from mild cGVHD, which did not require
ongoing immunosuppression, as confirmed by the vast majority
of patients being off immunosuppression by 12 months.

Most haplo-HSCT studies are registry-based and retrospective.
Numerous retrospective studies have demonstrated equivalent
survival rates using PTCy-based haploidentical transplants and
HLA-matched donors.26-28 Haploidentical transplant using bone
marrow has also been assessed in 2 randomized studies, con-
firming the superior outcomes of cord stem cell transplant.29,30

Based on this evidence, haplo-HSCT is rapidly becoming the
standard treatment option for the management of hematological
malignancies. Thus, it has become increasingly important to
formally investigate the optimal conditioning and GVHD strategies
for this procedure in prospective studies. Surprisingly, to our
knowledge, there are only a handful of prospective PTCy studies in
haplo-HSCT, with very few being multicenter. Symons et al
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demonstrated a 57% OS rate at 2 years in a single-center pro-
spective study of 96 children and adults using bone marrow as the
stem cell source.31 Relapse was higher in the Symons study than
this study, at 35% (a finding confirmed in registry-based retrospective
studies,19 possibly suggesting a greater graft-versus-leukemia
effect from peripheral blood). Solomon et al demonstrated an
encouraging 78% 2-year OS in 30 patients receiving fludarabine
TBI1200cGy haploidentical transplant using peripheral blood stem
cells32 in a single-center cohort. The same unit used fludarabine,
with varying doses of busulfan, in 20 patients.33 Notably, the rate of
BK virus–associated cystitis was high in this myeloablative busulfan
study, affecting 75% of patients, a finding similar to that of this
study, suggesting that myeloablation may predispose to this
complication.

There are several limitations to this study. In particular, with only
78 patients, the study did not have the statistical power to
adequately assess multiple prognostic factors in the multivariate
analyses of survival or TRM. Adverse outcomes in patients with
high or very high DRI were the only consistent finding from the
multivariate analysis, suggesting that more novel strategies are
required for these patients. Most of the patients in this study
were in the intermediate DRI group; thus, the relapse rate might
have been lower than that in some other studies. Nevertheless,
this group of patients benefited from a procedure with a rela-
tively low TRM, in keeping with the trend that has been occurring
in Australia and New Zealand over the last 15 years.34 Despite
the low TRM, later toxicities, such as cystitis and veno-occlusive
disease, were prominent in the MAC group, and relapse remains
a concern with the RIC regimen.

In summary, AZNHIT-1 demonstrated encouraging survival outcomes
in patients without access to a matched donor. Further refinement of
the procedure will be undertaken in a future study (the ANZHIT-2
study), which will involve the use of treosulfan, which may cause
less veno-occlusive disease. It may also be possible to increase the
total body irradiation dose for conditioning, to reduce relapse and
toxicity. Eventually, phase 3 studies assessing changes in conditioning
and GVHD PTCy regimens will be required to optimize the outcomes
of patients undergoing this procedure.
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