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Abstract

Outcomes for acute myeloid leukemia (AML) patients who fail to achieve complete remission
remain poor. Hematopoietic cell transplantation (HCT) has been shown to induce long-term
survival in AML patients with active disease. HCT is largely performed with HLA- matched
unrelated or HLA-matched related donors. Recently, HCT with HLA-haploidentical related donors
has been identified as a feasible option when HLA-matched donors are not immediately available.
However, there is little data comparing outcomes of AML patients with active disease who receive
haploidentical versus traditionally matched HCT. We retrospectively analyzed data from 99 AML
patients with active disease undergoing allogeneic HCT at a single institution. Forty-three patients
received unrelated donor HCT, 32 patients received matched related donor HCT, and 24 patients
received peripheral blood haploidentical HCT with post- transplant cyclophosphamide. We found
no significant differences between treatment groups in terms of overall survival (OS), event-free
survival (EFS), transplant-related mortality (TRM), cumulative incidence of relapse, and
cumulative incidence of acute and chronic graft versus host disease (GvHD). We performed
univariate regression analysis of variables that modified OS in all patients, and found only younger
age at transplant and development of chronic GvHD significantly improved outcome. Although
limited by our relatively small sample size, these results indicate that haploidentical HCT in active
AML patients have comparable outcomes to HCT with traditionally matched donors.
Haploidentical HCT can be considered in this population of high-risk patients when matched
donors are unavailable, or when wait times for transplantation are unacceptably long.
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INTRODUCTION

Acute myeloid leukemia (AML) is one of the most common hematologic malignancies in
the non-pediatric patient population.! Allogeneic hematopoietic cell transplantation (HCT)
is the most curative therapeutic option in patients who have been able to achieve complete
remission (CR) following induction chemotherapy.? 3 However, only around 50% of young
and 39% of elderly AML patients in poor prognostic groups are able to achieve CR with
current intensive induction regimens.* The prognosis of patients not achieving CR or who
relapse and have minimal residual disease (MRD) or active disease at the time of allogeneic
HCT remains dismal, and negligible for all patients who cannot proceed to HCT. In previous
reports, overall survival (OS) in active AML patients undergoing HLA-matched related or
HLA-matched unrelated HCT has ranged from 20-30%.%-8 Allogeneic HCT remains the
best option for patients who otherwise fail to achieve remission due to refractory or relapsed
disease.”

Recently, HCT with HLA-haploidentical related donors has emerged as a viable option for
transplantation, with outcomes comparable to those of traditionally matched donors.®-11 The
use of T-cell replete grafts with post-transplant cyclophosphamide has largely circumvented
the unacceptably high rates of graft failure and infection seen after T-cell depleted
haploidentical HCT,12: 13 and has been adopted at our institution for all haploidentical
HCTs. Haploidentical HCT remains an important source of alternative donors, as a
substantial proportion of patients in need of HCT will not have an optimally matched
donor.24 This is especially true in minority populations in which HLA-matching of unrelated
donors is particularly difficult.15

There has been evidence to suggest that increasingly mismatched HCTs may be associated
with an increased graft versus leukemia (GvL) effect, resulting in improved outcomes in
patients with high-risk disease.1® Previous studies have suggested lower rates of relapse in
high-risk AML patients with the use of haploidentical HCT compared to matched unrelated
or related HCT.17 Comparative outcomes in active disease however remain unknown. We
retrospectively analyzed outcomes from active disease AML patients who underwent
unrelated donor, related donor or haploidentical HCT. While haploidentical HCT has been
shown to be feasible in active AML patients, there is little data on how outcomes of
haploidentical HCT compare to those of traditionally matched donor HCT.18

MATERIALS AND METHODS

Study Population

All adult patients with active disease AML who underwent allogeneic HCT at Washington
University Medical Center in St. Louis from 2012 to 2015 were included for analysis. Active
disease was defined as =5% blasts in pre-transplantation bone marrow, presence of
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extramedullary disease at time of transplantation, or persistent abnormal cytogenetic
findings on chromosome analysis or fluorescent in situ hybridization (FISH). Patients were
excluded if they had undergone prior allogeneic HCT. This study was approved by the
Institutional Review Board at Washington University School of Medicine, St. Louis.

Outcomes and Definitions

Study outcomes included overall survival (OS), event-free survival (EFS), cumulative
incidence of relapse, and cumulative incidence of acute and chronic graft-versus-host
disease (GvHD). OS was defined as time from transplantation to time of death from any
cause or last follow-up. EFS was defined as survival without relapse or death. Treatment
related mortality (TRM) was defined as any death prior to day +28 or any death while in
continuous remission after day +28. Neutrophil engraftment was defined as the first day in
which the absolute neutrophil count (ANC) was =500 for three consecutive days. Platelet
engraftment was defined as the first day in which the platelet count was =20 for three
consecutive days without need for platelet transfusion. Graft failure was defined as failure of
neutrophil engraftment after HCT (primary), or loss of donor chimerism after initial
engraftment with =95% recipient cells at any time, not due to relapsed disease (secondary).
Relapse in patients achieving CR after HCT was defined as presence of =5% blasts in bone
marrow. CMV reactivation was defined as presence of CMV DNA after at least 4 weeks of
non-detectable levels during active surveillance.® Functional status and comorbidities were
evaluated using the Karnosfky Performance Score and Hematopoietic Cell Transplantation-
Comorbidity Index (HCT-CI).29 Acute GvHD was graded according to International Bone
Marrow Transplant Registry (IBMTR) staging guidelines.?! Chronic GvHD was graded
according to National Institute of Health (NIH) consensus criteria.2?

Statistical Analyses

Patient, disease, and transplant characteristics were collected from the electronic medical
record in all qualifying patients as discussed above. Death in remission was considered a
competing risk event for cumulative incidence of relapse. Graft failure, relapse, or death
were considered as competing risk events for cumulative incidence of acute and chronic
GVvHD. Continuous variables between groups were compared with Mann-Whitney U-testing.
Dichotomous variables between groups were compared with chi-squared testing or Fisher’s
exact test, when appropriate. Cumulative incidence was measured with the cumulative
incidence function. Time-to-event functions were measured using Kaplan-Meier curves and
the log-rank test. Univariate Cox proportional hazards regression analysis was used to
determine patient and disease variables that modified overall survival, with chronic GvHD
treated as a time-dependent variable.

RESULTS

Patient Characteristics

A total of 99 patients with active AML were included in the analysis. Forty-three patients
received an unrelated donor HCT, of which 6 had one HLA mismatch at the HLA-A, -B, -C,
-DRB1, or -DQB1 locus (partially mismatched), and 2 had two HLA mismatches at the
HLA-A, -B, -C, -DRB1, or -DQB1 locus (mismatched). Thirty-two patients received a
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matched related donor HCT. Twenty-four patients received haploidentical HCT. Seventy-five
percent of the HLA-haploidentical related donors were mismatched at 5 HLA alleles (HLA-
A, -B, -C, -DRB1, -DQB1) in both the graft versus host (GVH) and host versus graft (HVG)
directions. Active disease as defined by =5% pre-transplantation bone marrow was present in
78% of patients, while active disease as defined by persistent cytogenetics or extramedullary
disease was present in 20% and 2% of all patients, respectively. There were no significant
differences between groups in distribution of active disease types (p=0.88). Median follow-
up of survivors was 18 months.

Patient and disease characteristics are displayed in Table 1. There were no significant
differences in patient and disease characteristics between groups. Median age of active AML
patients receiving unrelated donor, related donor, and haploidentical HCT was 55, 60, and
54, respectively. Karnofsky performance scores were less than 90 in 72%, 66%, and 67% of
unrelated donor, related donor, and haploidentical patients. High-risk cytogenetics as defined
by European LeukemiaNet (ELN) scoring was present in 40%, 41%, and 50% of unrelated
donor, related donor, and haploidentical patients.* Fifty-one percent of unrelated donor
patients had de novo AML, compared to 63% and 71% of related donor and haploidentical
patients. At unrelated donor HCT, 51% of patients were primary induction failures and 49%
were relapsed disease. Fifty-six percent of related donor HCT patients and 50% of
haploidentical HCT patients were in primary induction failure at time of transplantation. For
relapsed unrelated donor, related donor, and haploidentical patients, median duration of first
remission (CR1) was 3.5, 2.9 and 5.3 months, respectively. Median blast percentage in pre-
transplantation bone marrow biopsies were 18%, 9%, and 19.5% in unrelated donor, related
donor, and haploidentical patients. Fifty-nine percent of patients had evidence of peripheral
blasts at least one week prior to transplant (range:0-72%; median: 5%), with no significant
differences in peripheral blast percentages between groups (p=0.87).

Transplantation Characteristics

Transplant characteristics are displayed in Table 2. G-CSF mobilized peripheral blood grafts
were used in all patients, except for one matched unrelated donor patient who received a
non-mobilized bone marrow graft. There were no significant differences in donor-recipient
sex mismatch or CMV status between groups. Seventy-nine percent of unrelated donor
patients received myeloablative conditioning compared to 66% of related and 67% of
haploidentical patients. The most common myeloablative (MA) regimen in unrelated and
related donor transplants was fludarabine and busulfan. The most common reduced intensity
conditioning (RIC) regimens were fludarabine plus cyclophosphamide and low-dose total
body irradiation (TBI), or fludarabine and melphelan. All haploidentical HCT recipients
received G-CSF mobilized T-cell replete peripheral blood grafts and post-transplant
cyclophosphamide. GVHD prophylaxis consisted of methotrexate and a calcineurin inhibitor
in 85% and 81% of unrelated and related donor patients, respectively, while all
haploidentical patients received mycophenolate and a calcineurin inhibitor.

Engraftment Outcomes

No significant differences in engraftment outcomes were found (Table 3). Neutrophil
recovery by day 30 occurred in 91%, 91%, and 83% of unrelated donor, related donor, and
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haploidentical patients. Platelet recovery by day 30 occurred in 84%, 84%, and 75% of
unrelated donor, related donor, and haploidentical patients. Full donor chimerism, as defined
by short-tandem repeat (STR) testing on Day 30 bone marrow, was present in 65%, 76%,
and 71% of evaluable unrelated donor, related donor, and haploidentical patients. There were
no significant differences in CMV reactivation or graft failure between groups.

GvHD Outcomes

Acute and chronic GvHD outcomes are displayed in Table 3. The cumulative incidence of
grades 3-4 acute GvHD at day 100 were 30% (CI 17-43%) in unrelated donor patients, 23%
(C1 8-38%) in related donor patients, and 28% (CI 8-48%) in haploidentical patients. There
were no significant differences in the cumulative incidences of grades 3—4 acute GvHD
between groups (p=0.74). Similarly, there were no significant differences in the cumulative
incidences of severe chronic GVHD at 1 year between groups. Overall cumulative incidences
of severe chronic GvHD at 1 year were 15% (Cl 4-26%) in unrelated donor patients, 10%
(C1 0-20%) in related donor patients, and 10% (CI 0-24%) in haploidentical patients.

Survival Outcomes and Relapse Rates

There were no significant differences between unrelated donor, related donor, and
haploidentical transplants in terms of relapse rates, EFS, TRM, and OS. In patients who
subsequently achieved CR after HCT, one-year relapse rates were 48% (Cl 0.3232-0.6368)
in unrelated donor patients, 28% (Cl 0.1232-0.4368) in related donor patients, and 33% (CI
0.134-0.526) in haploidentical patients. In all relapsed patients (N=30), median survival
after relapse was 67 days in unrelated donor patients (N=15), 22 days in related donor
patients (N=7), and 43 days in haploidentical patients (N=8), with no significant differences
between groups (p=0.55). Twenty-eight percent of patients in the entire cohort received
donor lymphocyte infusion (DLI) after relapse, with no patient receiving prophylactic DLI.
There were no significant differences in DLI treatment between groups (p=0.23).

One and two-year EFS were 28% and 22% in unrelated donor patients, 27% and 18% in
related donor patients, and 39% and 23% in haploidentical patients (Figure 2a). Similarly,
TRM at 1 and 2 years was 23% and 29% in unrelated donor patients, 42% and 42% in
related donor patients, and 26% and 26% in haploidentical patients (Figure 2b). OS at 1 and
2 years was 41% and 29% in unrelated donor patients, 28% and 28% in related donor
patients, and 45% and 36% in haploidentical patients (Figure 2c). OS between active disease
patients as defined by morphology or persistent cytogenetics were not significantly different,
consistent with previous findings in the literature (p=0.67).23 As such, we found similar
results in outcomes when performing subgroup analysis of patients with active disease as
defined by morphology only, with no differences in OS between groups (p=0.21).

In this cohort, many of the clinical and disease characteristics previously associated with
poor outcomes were not significantly associated with OS, including de novo versus
secondary AML (p = 0.68), primary induction failure versus relapsed disease (p = 0.54),
relapse duration > 6 months (p = 0.24), cytogenetic risk (p = 0.89), Karnofsky performance
status < 90 (p = 0.53), HCT-CI (p = 0.58), use of RIC versus MA conditioning (p = 0.22),
blast percentage in pre-transplantation bone marrow (p = 0.16), and the number of
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mismatched alleles (p = 0.57). Only age at transplant significantly impacted OS (p = 0.03).
Older age at transplant was associated with poor OS (HR: 1.03, 95% CI 1.00-1.05).
Additionally, in patients surviving to day +80, the development of chronic GvHD was
associated with significantly better OS (HR: 0.22, 95% CI 0.10-0.50).
DISCUSSION

To our knowledge, this is the first study to compare outcomes of AML patients in active
disease undergoing transplantation from HLA- haploidentical, unrelated, and related donors.
We demonstrate that haploidentical HCT is similar to HCT from traditionally matched
donors, with comparable TRM, EFS, and OS. There were no significant differences between
groups in terms of relapse rates and incidence of acute and chronic GvHD.

Some studies have suggested an increased GvL effect in HLA-mismatched patients
undergoing transplantation, although conflicting data exists.11: 16: 24 Relapse rates in one-
locus-mismatched HCT are lower compared to matched HCT, which offsets the adverse
effects of HLA mismatch on transplant-related mortality in patients with high-risk disease.2
Compared to traditionally matched donors, Wang et al. found lower cumulative incidences
of relapse and improved OS in high-risk AML patients undergoing haploidentical HCT with
the GIAC (G: G-CSF mobilization; I: intensified immunosuppression; A: ATG
administration; C: combination peripheral blood stem cell and bone marrow graft use)
approach.1” There is a theoretical increased GvL effect in patients with active AML
transplanted with a haploidentical donor. While we found a weak trend in 2-year OS rates in
haploidentical patients (36% compared to 29% and 28% in unrelated and related donor
patients, respectively), these differences were not statistically significant. We also did not
find an effect of HLA-mismatch degree on OS and EFS, although analysis is limited by the
small variety of HLA-mismatch seen in our dataset. Interestingly, we found that patients
transplanted with a related donor had the lowest relapse rates despite also having the lowest
OS rates, although our results were not statistically significantly. This is likely accounted by
the increased TRM seen in patients who receive HCT with a related donor, and further
studies with a larger cohort of patients are necessary to investigate these trends. We
additionally found no significant differences in post-relapse survival between groups, in
contrast to prior studies demonstrating inferior post-relapse survival in patients receiving
haploidentical transplant.28: 27 This may be due to the similar rates of DLI use between
groups, as decreased use of DLI was thought to contribute to the poorer post-relapse survival
outcomes seen in haploidentical patients.2’ However, our sample size is also small, and post-
relapse survival in active disease patients specifically has not been investigated.

DLI for relapse after haploidentical HCT results in durable response rates and acceptable
levels of GVHD toxicity when appropriately dosed, although overall remission rates after
relapse in AML remain low.28 29 Recently, the use of prophylactic DLI has been found to
favorably influence disease progression and progression-free survival in active AML patients
after haploidentical transplant.18 In a study by Jaiswal et al., 18-month OS rates were
reported as 70% in active AML patients undergoing DLI after MA conditioning, compared
to 35% in MA patients without DLI.18 Although the incidence of chronic GvHD was higher
in the MA-DLI group, the authors found no differences in incidence rates of acute GvHD. In
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our cohort, 28% of patients received a DL after relapse, although our sample size was too
limited to definitively evaluate whether DLI had a beneficial impact in each transplant
group. Further investigation is needed to determine whether additional forms of
immunotherapy in combination with haploidentical HCT can result in superior outcomes in
patients with active AML.

There were no significant differences in acute and chronic GvHD between groups. In prior
retrospective studies, incidence of chronic GvHD has been found to be lower in
haploidentical HCT, an effect mediated by either the use of post-transplant
cyclophosphamide or the more frequent use of bone marrow grafts.% 19 Interestingly, in
haploidentical HCT using peripheral blood stem cells, this difference in chronic GvVHD rates
between transplant groups has not been seen, similar to the results of our analysis.! The
effect of graft source on GVHD risk and engraftment outcomes has become an area of
interest after haploidentical transplant. In particular, there is growing experience in the use
of G-CSF mobilized bone marrow grafts, which may offer lower GVHD rates and more
rapid engraftment compared to G-CSF mobilized peripheral blood or non-mobilized bone
marrow.30

We found a beneficial impact of chronic GvHD on OS, consistent with prior studies
demonstrating lower relapse rates in patients who develop chronic GvHD.31 32 Few other
variables on univariate analysis were associated with outcomes, with only increased age at
transplant showing worse OS. This may be partially explained by the increased likelihood of
RIC conditioning in patients older than 60 (p<0.001), although interestingly, we found no
significant differences in OS between active AML patients receiving RIC and MA
conditioning. The lack of association between survival and traditional predictors of risk,
such as HCT-CI and cytogenetic risk, may reflect the generally poor outcomes of active
AML patients.

Our study has several limitations. We had a relatively small sample size, which limits the
ability to detect small but significant differences between groups. There was also significant
heterogeneity between cohorts in regards to conditioning regimens and GvHD prophylaxis.
However, the patients were otherwise treated with identical supportive care measures at a
single institution. Patients with persistent cytogenetic disease were included in our active
disease cohort given data in the literature suggesting similar outcomes.23 We confirmed in
our cohort that there were no significant differences in OS between morphologic and
cytogenetic definitions of active disease, and our results were unchanged on subgroup
analysis with active disease patients by morphology only. We also had a relatively short
follow-up, with median follow-up of survivors at 18 months. However, outcomes in AML
after transplant are historically poor, and in our cohort specifically, we found that 96% of
deaths occurred before 18 months in our non-surviving patients.? It is possible that further
differences between groups would be detected with longer follow-up, although the number
of future events that would occur are likely be diminished.

Our results indicate that haploidentical HCT performed in patients with active AML have
similar outcomes to HCT performed using traditionally matched unrelated and related
donors. Haploidentical HCT remains a viable alternative in active disease patients, and has

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Page 8

the further advantage of decreased waiting times for transplantation. Larger, multi-institution
studies are warranted to both validate and extend our findings in this group of high-risk
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Highlights

. AML patients not able to achieve remission or relapsed after being previously
in remission continue to have extremely poor prognosis.

. Due to the relative urgency of proceeding to transplant in active AML
patients, haploidentical transplantation is particularly an attractive option as
most patients have readily available HLA haploidentical donors.

. Use of haploidentical hematopoietic cell transplantation with post-transplant
cyclophosphamide is associated with post -transplant survival comparable to
matched unrelated or matched sibling donor transplantation.
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Figure 2.
(A) EFS, (B) TRM and (C) OS between groups.
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Table 1
Patient and Disease Characteristics
UD (%) RD (%) | Haplo (%) | p value

N 43 32 24

Age, years 0.09
Median 55 60 54
Range 23-73 32-72 21-73

Karnofsky Performance Scale 0.85
100 0 (0) 2(6) 2(8)

90 12 (28) 9 (28) 6 (25)
80 18 (42) | 14 (44) 9(38)
<70 13 (30) 7(22) 7(29)

HCT-CI Risk 0.70
0 5(12) 4(13) 1(4)

1-2 5(12) 5 (16) 2(8)
>3 3377 | 23(72) 21 (88)

ELN Risk 0.83
High 17 (40) | 13(41) 12 (50)
Intermediate 24 (56) 17 (53) 10 (42)

Low 2(4) 2 (6) 2(8)

Disease Etiology 0.27
De Novo 22(51) | 20(63) 17 (71)

Secondary 21 (49) 12 (38) 7 (29)

Disease Status at Transplant 0.99
Primary Induction Failure 22 (51) 18 (56) 12 (50)

Relapse Refractory 21 (49) 14 (44) 12 (50)

Active Disease Subtype 0.88
Morphology 37 (86) 24 (75) 20 (83)
Cytogenetics 6 (15) 6 (18) 4(17)
Extramedullary Disease 0 (0) 2 (6) 0 (0)

Median Relapse to Transplant, months 4 2 6 0.24

Median Duration of CR1, months 4 3 5 0.34

Median Pre-Transplant Blast% in BM 18 (0-72) | 9(0-87) | 19.5(0-84) 0.13

Median Pre-Transplant Blast% in blood | 5(0-32) | 4 (0-72) 7 (0-60) 0.87

Abbreviations: CR1.: first complete remission; BM: bone marrow
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Table 2

Transplant Characteristics

UD (%) | RD (%) | Haplo (%) | p value

Donor-recipient Sex 0.26
MM 19(44) | 7(22) 9(37)

MF 511) | 11(34) 6 (25)
FM 13(30) | 8(25) 6 (25)
FF 6 (14) 6 (19) 3(13)

Donor-recipient CMV status (%) 0.47
++ 9(21) | 11(34) 7(29)
+- 8(19) 2(6) 7(29)

-+ 13(30) | 8(25) 5(21)
-- 13(30) | 11(34) 5(21)

Degree of HLA Match * (%) <0.001
Well-Matched 35(81) | 32(100) N/A
Partially-Matched 6 (14) 0 (0) 24 (100)
Mismatched 2 (5) 0 (0) N/A

Graft Type (%) 1.00
Peripheral blood 42 (98) | 32 (100) 24 (100)

Bone Marrow 1(2) 0 (0) 0 (0)

Type of Conditioning (%) 0.36

Myeloablative 34 (79) 21 (66) 16 (67)

Reduced Intensity Conditioning 9(21) 11 (34) 8(23)

Conditioning Regimen (%) <0.001
Clo/Bu 15 (35) 6 (19) 0(0)
Bu/Cy 14(33) | 8(25) 0(0)
Flu/Bu + Other 12(28) | 12(38) 3(13)
Cy/TBI + Other 1(2) 5 (16) 0(0)
Flu/TBI 1(2) 0(0) 13 (54)
Flu/Melph 0 (0) 1(3) 2(8)
Flu/Cy/TBI 0(0) 0(0) 6 (25)
GVvHD Prophylaxis (%) <0.001
(Tacro or Siro) + MTX 31(72) 26 (81) 0 (0)
(Tacro or Siro) + MTX + Other 6 (13) 0 (0) 0 (0)
(Tacro or Siro) + MMF + Other | 5 (11) 4(13) 24 (100)
Other 1(2) 2 (6) 0 (0)

*
Well-matched: no identifiable HLA mismatch at HLA-A, -B, -C, -DRBL1, or -DQBL locus; Partially-matched: one identifiable HLA mismatch at
HLA-A, -B, -C, -DRBL1, or -DQBL1 locus; Mismatched: greater than one identifiable HLA mismatch at HLA-A, -B, -C, -DRB1, or -DQB1 locus
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Transplant Outcomes

Table 3

UD (C195%) | RD (Cl195%) | Haplo (CI95%) | p
Neutrophil Engraftment at Day 30 | 91 (81-100) | 91 (80— 100) 83 (67 -99) 0.07
Platelet Engraftment at Day 100 84 (72 - 96) 84 (71-97) 75 (57 - 93) 0.20
Full Donor Chimerism at Day 30 65 76 71 0.49
Graft Failure at 1 year 2 0 4 1.00
CMV Reactivation at 1 year 60 (42 - 78) 43 (21 - 65) 63 (40 — 86) 0.40
Acute GVHD (Grades 2-4) 57(41-73) | 36(18-54) 58 (36 — 80) 0.11
Acute GVHD (Grades 3-4) 30 (17 - 43) 23 (8-38) 28 (8 - 48) 0.74
Chronic GvHD at 1 year 20 (8-32) 17 (3-31) 13 (0 -26) 0.73
Severe Chronic GvHD at 1 year 15 (4 - 26) 10 (0-20) 10 (0-24) 0.61

Abbreviations: UD = Unrelated Donor; RD = Related Donor; Haplo = haploidentical; Cl = Cumulative Incidence
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