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abstract

PURPOSE Severe (grade 3-4) acute graft-versus-host disease (AGVHD) is a major cause of death after unrelated-
donor (URD) hematopoietic cell transplant (HCT), resulting in particularly high mortality after HLA-mismatched
transplantation. There are no approved agents for AGVHD prevention, underscoring the critical unmet need for
novel therapeutics. ABA2 was a phase II trial to rigorously assess safety, efficacy, and immunologic effects of
adding T-cell costimulation blockade with abatacept to calcineurin inhibitor (CNI)/methotrexate (MTX)-based
GVHD prophylaxis, to test whether abatacept could decrease AGVHD.

METHODS ABA2 enrolled adults and children with hematologic malignancies under two strata: a randomized,
double-blind, placebo-controlled stratum (8/8-HLA-matched URD), comparing CNI/MTX plus abatacept with
CNI/MTX plus placebo, and a single-arm stratum (7/8-HLA-mismatched URD) comparing CNI/MTX plus
abatacept versus CNI/MTX CIBMTR controls. The primary end point was day 1100 grade 3-4 AGVHD, with
day 1180 severe-AGVHD-free-survival (SGFS) a key secondary end point. Sample sizes were calculated using
a higher type-1 error (0.2) as recommended for phase II trials, and were based on predicting that abatacept
would reduce grade 3-4 AGVHD from 20% to 10% (8/8s) and 30% to 10% (7/8s). ABA2 enrolled 142 recipients
(8/8s, median follow-up 5 716 days) and 43 recipients (7/8s, median follow-up 5 708 days).

RESULTS In 8/8s, grade 3-4 AGVHD was 6.8% (abatacept) versus 14.8% (placebo) (P 5 .13, hazard ratio 5
0.45). SGFS was 93.2% (CNI/MTX plus abatacept) versus 82% (CNI/MTX plus placebo, P5 .05). In the smaller
7/8 cohort, grade 3-4 AGVHD was 2.3% (CNI/MTX plus abatacept, intention-to-treat population), which
compared favorably with a nonrandomized matched cohort of CNI/MTX (30.2%, P, .001), and the SGFS was
better (97.7% v 58.7%, P , .001). Immunologic analysis revealed control of T-cell activation in abatacept-
treated patients.

CONCLUSION Adding abatacept to URD HCT was safe, reduced AGVHD, and improved SGFS. These results
suggest that abatacept may substantially improve AGVHD-related transplant outcomes, with a particularly
beneficial impact on HLA-mismatched HCT.

J Clin Oncol 39:1865-1877. © 2021 by American Society of Clinical Oncology

INTRODUCTION

Allogeneic hematopoietic cell transplant (HCT) is an
effective treatment for aggressive hematologic malig-
nancies, often representing the only option for cure.
For patients lacking HLA-matched related donors,
unrelated donors (URDs) are often used. The major
disadvantage of URD HCT is an increased risk for
nonrelapse mortality (NRM) mediated by severe
acute graft-versus-host disease (AGVHD), chronic
GVHD (CGVHD), and infection.1-7 The use of an HLA-
mismatched URD accentuates these risks, with ex-
ceedingly high rates of severe AGVHD (up to 37%3)

driving substantial NRM (up to 45%3). Notably, al-
though the majority of patients in ethnic minorities will
not have an HLA-matchedURD,most of these patients
will have 7/8 URD donors available,8 underscoring the
importance of improving the safety of these high-risk
transplants.

Preclinical data demonstrate that the costimula-
tion blockade agent, cytotoxic T-cell lymphocyte-4-
immunoglobulin (abatacept) can prevent GVHD.9-16

These results provided the rationale for the first-in-
disease trial of abatacept for GVHD prevention
(ClinicalTrials.gov identifier: NCT01012492)17 that
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established the feasibility and general safety of the
approach. This phase II trial of abatacept for severe
AGVHD prevention (ABA2, ClinicalTrials.gov identifier:
NCT01743131) was designed to test the hypothesis that
abatacept could lower the risk of severe AGVHD for patients
receiving either 7/8 or 8/8 URD HCT, thereby improving
transplant outcomes.

METHODS

Patients and Treatment

ABA2 is a phase II study of abatacept plus standard cal-
cineurin inhibition (CNI; either cyclosporine or tacrolimus)
and methotrexate (MTX; 15 mg/m2 on day 11 and
10 mg/m2 on days 13, 16, and 111). CNI was continued
through day 1100, and weaned between days 100-180
post-transplant as tolerated. For patients receiving abata-
cept, four doses were delivered, 10 mg/kg/dose, on days
21, 15, 114, and 128. Pretransplant conditioning used
one of four myeloablative regimens: busulfan/fludarabine,
busulfan/cyclophosphamide, total body irradiation/
cyclophosphamide, and fludarabine/melphalan (details
in the ABA2 Protocol, online only).

Random Assignment and Masking

For patients receiving 8/8 HLA (HLA A, B, C, and DR)–
matchedHCT, a randomized double-blind placebo-controlled
design was used, with patients randomly assigned 1:1 to
abatacept or placebo, using nonadaptive random assignment
with a block size of 8, stratified by patient age (# 21 v . 21
years). For patients receiving 7/8 HLA-matched grafts, a
single-arm open-label design was used, with comparison to a
prespecified control cohort from the Center for International
Blood and Marrow Transplant Research (CIBMTR). The
process for identifying CIBMTR controls was masked: the
statistician had no access to outcome data. It is important to
note that the 7/8 stratum was also initially designed as a
randomized, double-blind placebo-controlled cohort. How-
ever, the 7/8 stratum was experiencing very slow recruitment

(Fig 1) and participating centers were queried to determine
barriers to enrollment. This revealed a major reluctance by
treating physicians to randomly assign 7/8 transplant re-
cipients to placebo, given the attendant high risks of severe
AGVHD and NRM with standard CNI/MTX prophylaxis.3,7

The trial was therefore amended such that all patients
receiving 7/8 URD HCT were assigned to CNI/MTX plus
abatacept as an open-label single-arm stratum. The 7/8
stratum enrolled 41 patients in the subsequent 23 months
(an approximately 10-fold increased rate of enrollment).

End Points

The primary end point was the cumulative incidence of
severe (grade 3-4) AGVHD at day1100. Day1180 severe-
AGVHD-free-survival (SGFS) was a key secondary end
point. Other end points included: (1) grade 3-4 AGVHD at
day1180; (2) grade 2-4 AGVHD at days1100 and1180;
(3) CGVHD at 1 year; (4) NRM; (5) relapse; (6) relapse-free
survival (RFS); (7) overall survival (OS); (8) Cytomegalovirus
reactivation and disease; (9) Epstein-Barr virus reactivation
and post-transplant lymphoproliferative disease; (10) he-
matologic recovery; and (11) donor engraftment. During
post-hoc analysis, the cumulative incidence of steroid-
refractory AGVHD (defined by lack of response at
day 128 or the need for second-line therapy) was com-
pared in 8/8s (the necessary treatment data were not
available for the CIBMTR 7/8 controls).

Statistical Analysis

The statistical analysis for ABA2 was stipulated by the Pro-
tocol and the Statistical Analysis Plan. This analysis was
performed in the modified intent-to treat (ITT) population,
which included all patients who received at least one dose of
study medication. A screening phase-II design18 (Bayesian
type I error probability, 0.2 and Bayesian power. 0.8) was
used for sample size calculations.18 In the analyses of study
end points, the primary end point was analyzed first, and
secondary or exploratory end points were only evaluated if the
primary end point met the prespecified statistical threshold.

CONTEXT

Key Objective
The ABA2 trial addressed a critical question in unrelated-donor (URD) hematopoietic stem cell transplant (HCT): Can we

significantly reduce acute graft-versus-host disease (AGVHD) after URD HCT by adding T-cell costimulation blockade
with abatacept?

Knowledge Generated
ABA2 demonstrated that when a short course of abatacept was added to standard AGVHD prevention, rates of AGVHD

significantly decreased in HLA-matched and HLA-mismatched URD HCT, with particularly striking results in HLA-
mismatched HCT. ABA2 also demonstrated that this decrease in AGVHDwas not accompanied by an increase in the risk
of relapse or infectious complications, two major safety indicators for GVHD studies.

Relevance
ABA2 is the first multicenter trial of targeted T-cell costimulation blockade for GVHD prevention. The results from this trial

suggest that the addition of abatacept for AGVHD prevention will be clinical practice-changing for URD HCT.

1866 © 2021 by American Society of Clinical Oncology Volume 39, Issue 17
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The decision rule was to reject the null hypothesis if P8/8, .2
for the 8/8 HLA-matched URD and P7/8, .2 for the 7/8 HLA-
mismatched URD. For the 8/8 stratum, a sample size of 70
per arm was calculated to achieve 80% Bayesian power to
detect a reduction in severe AGVHD from 20% to 10%
(Bayesian type I probability , 0.2). For the 7/8 stratum, a
sample size of 40 patients was calculated to achieve 80%
Bayesian power to detect a reduction in severe AGVHD from
30% to 10% (Bayesian type I probability , 0.2). Additional
statistical andmethodological details are provided in the Data
Supplement (online only).

RESULTS

Patients

Figure 1 depicts the CONSORT diagram for the ABA2
study. Baseline characteristics for the 7/8 and 8/8 cohorts
are shown in Table 1. For 8/8s, the abatacept and placebo
groups were balanced with respect to all parameters tested.
The 7/8 cohort was well matched with CIBMTR CNI/MTX
controls for all variables except overall disease type, with
the apparent mismatch in overall disease type resulting
from a nonuniform case:control matching ratio for the
abatacept cohort (ie, some patients receiving abatacept
were matched 1:2 v 1:3 or 1:4). Although this covariate
imbalance is present overall, analysis of time-dependent
outcomes accounting for the matched-pair design elimi-
nated the effect of this imbalance on parameter estimation.

Efficacy Outcomes

Acute GVHD. ABA2 demonstrated improved AGVHD in
8/8s receiving abatacept when compared with the

randomly assigned placebo group based on the pre-
specified phase II type I error (0.2). 7/8s also demonstrated
a sizable AGVHD benefit when compared with
a nonrandomly assigned control group and historical ref-
erences in the literature.3-5,7 The primary end point of ABA2
was the cumulative incidence of severe AGVHD at
day 1100. As shown in Table 2 and Figure 2A, in 7/8s,
patients receiving abatacept demonstrated a substantial
decrease in the day 1100 CI of severe (grades 3-4)
AGVHD, with 2.3% (ITT population, 0% in the CIBMTR
CNI/MTX comparator cohort) severe AGVHD in patients
receiving CNI/MTX plus abatacept versus 30.2% in CNI/
MTX CIBMTR controls (P, .001, hazard ratio [HR], 0.0 for
the ABA2 v CIBMTR CNI/MTX comparison), greatly ex-
ceeding the expectations of the trial’s statistical design. The
severe AGVHD outcomes for the CIBMTR controls mirrored
those documented in multiple previous studies of 7/8 URD
HCT,3,7 supporting the comparability of this control cohort
with the 7/8 URD HCT population as a whole. In post-hoc
analysis, we also compared recipients of 7/8 HCT who
received CNI/MTX plus abatacept to CIBMTR controls
receiving CNI/MTX plus anti-thymocyte globulin (ATG), and
observed similarly superior outcomes in the abatacept
group (Data Supplement). The randomized double-blind 8/
8 stratum also demonstrated a decrease in severe AGVHD,
from 14.8% in placebo to 6.8% in patients receiving
abatacept (P5 .13, HR, 0.45; 80%CI, 0.22 to 0.9, Table 2,
Fig 2B). Because the sample size for ABA2 was designed
with an alpha error of 0.2, the 8/8 stratum did reach the
protocol-specified statistical end point (despite P . .05).
Other AGVHD end-points were also evaluated as explor-
atory analyses, which all demonstrated significant

B
8/8 Cohort

12 died 16 died

6 excluded
1 donor unavailable, enrolled on 7/8 arm
2 interval infection
1 patient decision
2 did not meet eligibility

148 enrolled and 
randomly assigned

69 received
placebo

73 received
Abatacept

53 remain in follow-
up at 1 year

61 remain in follow-
up at 1 year

A
7/8 Cohort

46 enrolled

2 excluded
 1 randomly assigned to 
       placebo
 1 did not meet eligibilityb

41 nonrandomly
assigned5 randomly assigneda

1 excluded
Did not meet

   eligibilityc

43 received
abatacept

9 died

34 remain in follow-
up at 2 years

FIG 1. CONSORT diagrams. (A) 7/8 stratum. (B) 8/8 stratum. aPatients were randomly assigned betweenMarch 1, 2013, and December 9, 2014. Following
a protocol amendment, subjects in the 7/8 cohort were nonrandomly assigned to receive abatacept. The remaining 7/8 patients were randomly assigned
between December 19, 2014, and November 30, 2016. bPatient determined to be ineligible because of disease progression prior to day 1. cPatient
excluded because of confirmation of Li-Fraumeni Syndrome prior to day 1.
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TABLE 1. Baseline Characteristics of the Participants

Characteristic
7/8 ITT
(N 5 43)

7/8 ABA
(N 5 38)

7/8 CIBMTR No
ATG Controls
(N 5 127) P a

8/8 ABA
(N 5 73)

8/8 Placebo
(N 5 69) P

Age, median years (range) 39.0 (6.6-76.5) 36.7 (6.6-76.5) 45 (6.0-74.4) .26 44.1 (6.9-71.9) 41 (7.6-74.2) .83

Age . 21 years, no. (%) 25 (58.1) 22 (57.9) 88 (69.3) .19 57 (78.1) 52 (75.4) .70

White race—no. (%) 30 (69.8) 26 (68.4) 105 (82.7) .06 63 (86.3) 60 (87.0) .91

Performance score . 90%—no. (%) 32 (74.4) 29 (76.3) 95 (74.8) .85 52 (71.2) 52 (75.4) .58

Disease, no. (%)

AML 15 (34.9) 14 (36.8) 54 (42.5) 30 (41.1) 22 (31.9)

ALL 9 (20.9) 9 (23.7) 26 (20.5) 24 (32.9) 23 (33.3)

MDS 11 (25.6) 11 (29.0) 42 (33.1) .03 15 (20.5) 12 (17.4) .28

CML 4 (9.3) 0 (0.0) 4 (3.2) 1 (1.4) 5 (7.3)

HL 1 (2.3) 1 (2.6) 1 (0.8) 1 (1.4) 1 (1.5)

Other 3 (7.0) 3 (7.9) 0 (0.0) 2 (2.7) 6 (8.7)

CIBMTR disease stage, no. (%)

Advanced 6 (14) 5 (13.2) 20 (15.7) 11 (15.1) 14 (20.3)

Intermediate 10 (23.3) 6 (15.8) 18 (14.2) .72 14 (19.2) 16 (23.2) .76

Early 26 (60.6) 26 (68.4) 88 (69.3) 47 (64.4) 38 (55.0)

Chemosensitive 1 (2.3) 1 (2.6) 1 (0.8) 1 (1.3) 1 (1.4)

Donor age, median years (range) 28 (25-39) 27.5 (24-35) 32.2 (27-40) .05 27 (18-56) 28.5 (19-53) .11

Donor or recipient

Sex matching, no. (%)

M/M 16 (37.2) 15 (39.5) 36 (28.3) 30 (41.1) 24 (34.8)

M/F 11 (25.6) 10 (26.3) 24 (18.9) 14 (19.2) 17 (24.6)

F/M 9 (20.9) 8 (21.1) 15 (11.8) .85 11 (15.1) 13 (18.9) .73

F/F 7 (16.3) 5 (13.2) 17 (13.4) 18 (24.6) 15 (21.7)

Unknown 0 0 35 (27.6) 0 0

HLA matching, no. (%)

8/10 4 (9.3) 4 (10.5) 12 (10.3) 1.0 N/A N/A N/A

9/10 39 (90.7) 34 (89.5) 104 (89.7) N/A N/A

Conditioning regimen, no. (%)

Busulfan/Cyclophosphamide 13 (30.2) 11 (28.9) 28 (22.0) 28 (38.4) 21 (30.4)

Total Body Irradiation/Cyclophosphamide 11 (25.6) 10 (26.3) 37 (29.1) 20 (27.4) 26 (37.7)

Fludarabine/Melphalan 11 (25.6) 10 (26.3) 15 (11.8) .07 18 (24.7) 20 (29.0) .21

Busulfan/Fludarabine 8 (18.6) 7 (18.4) 38 (29.9) 7 (9.6) 2 (2.9)

Other 0 (0.0) 0 (0.0) 9 (7.1) 0 (0.0) 0 (0.0)

Conditioning intensity, no. (%)

Myeloablative 33 (76.7) 28 (73.7) 87 (68.5) .68 55 (75.3) 49 (71.0) .56

Reduced intensity 10 (23.3) 10 (26.3) 40 (31.5) 18 (24.7) 20 (29.0)

Donor-recipient CMV status, no. (%)

2/2 7 (16.3) 7 (18.4) 36 (28.3) 16 (21.9) 21 (30.4)

2/1 16 (37.2) 12 (31.6) 33 (26.0) 23 (31.5) 19 (27.5)

1/2 8 (18.6) 8 (21.1) 18 (14.2) .58 11 (15.1) 10 (14.5) .84

1/1 12 (27.9) 11 (28.9) 37 (29.1) 21 (28.8) 17 (24.6)

Unknown 0 (0.0) 0 (0.0) 3 (2.4) 2 (2.7) 2 (2.9)

(continued on following page)
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improvement compared with controls (Figs 2C and 2D,
Data Supplement).

Day 180 SGFS. Because abatacept is a novel agent for
AGVHD prophylaxis, in addition to measuring efficacy, we
also measured early treatment failure using the composite
SGFS end point, which includes both severe AGVHD and
death within 180 days as events. A similar end point (SGFS
through 100 days) was described in a study of ATG for
GVHD prevention by Finke et al19 in 2009, with extension
to 180 days in ABA2 based on FDA recommendations.
As shown in Figures 2F and 2G, Table 2, and the Data
Supplement, in both the 7/8 and 8/8 cohorts, day 1180
SGFS outcomes for patients receiving abatacept were
superior to those receiving standard prophylaxis. In the 7/8
cohort, SGFS was 97.7% (abatacept ITT) versus 58.7%
(CNI/MTX) (P , .001, HR, 0.00). In the 8/8 cohort, SGFS
was 93.2% (abatacept) versus 82.0% (placebo, P 5 .05,
HR, 0.37; 80% CI, 0.19 to 0.73).

Chronic GVHD. The four-dose abatacept prophylaxis regimen
did not improve CGVHD. Thus, for the 7/8 and 8/8 strata,
patients receiving abatacept demonstrated a 1-year mild-
severe CGVHD cumulative incidence of 62.0% and 51.9%,
respectively, compared with 45.9% and 45.3% for CIBMTR
and placebo controls (P 5 .74; HR, 1.26; 80% CI, 0.97 to
1.64; and P 5 .55, HR, 1.17; 80% CI, 0.85 to 1.61, re-
spectively). Although the rate of moderate-severe CGVHDwas
not available for CIBMTR controls, this comparison was made
for the 8/8 stratum, demonstrating 44.6% and 36% for pa-
tients receiving abatacept and placebo controls, respectively

(P5 .32, HR, 1.32; 80% CI, 0.93 to 1.88, Fig 2I). The 1-year
moderate-severe CGVHD cumulative incidence for the 7/8
patients receiving abatacept was 57.9% (Fig 2H).

Hematologic reconstitution, donor engraftment, viral reac-
tivation, and disease. As shown in the Data Supplement,
both the 7/8 and 8/8 strata demonstrated successful
neutrophil and platelet reconstitution, donor engraftment,
and leukocyte reconstitution post-transplant.

In addition, there was no statistically significant difference
in Cytomegalovirus or Epstein-Barr virus viral reactivation or
end-organ disease in 8/8 patients (Data Supplement). 7/8
patients could not be directly compared for this end point,
as viral reactivation data were not collected by the CIBMTR.
Additional details for these end points are found in the Data
Supplement.

Relapse. The addition of abatacept did not increase re-
lapse (7/8s HR, 0.45; 80% CI, 0.22 to 0.91, P 5 .21 and
8/8s HR, 0.86; 80%CI, 0.54 to 1.35, P5 .66, Table 2). The
2-year relapse point estimate was 9.3% (4.6%-16.0%) in
the 7/8s ITT, compared with 21.4% (16.7%-26.5%) in the
CNI/MTX CIBMTR controls. In the 8/8 stratum, 2-year
relapse was 21.5% 15.4%-28.1%) for abatacept versus
23.6% (17.2%-30.5%) for placebo.

Survival end points. In addition to day 1180 SGFS, other
survival indicators were also tracked in ABA2, including
NRM, RFS, and OS (Table 2, Figs 3A-3F and the Data Sup-
plement, causes of death shown in the Data Supplement).
In 7/8s, abatacept significantly improved each of these

TABLE 1. Baseline Characteristics of the Participants (continued)

Characteristic
7/8 ITT
(N 5 43)

7/8 ABA
(N 5 38)

7/8 CIBMTR No
ATG Controls
(N 5 127) P a

8/8 ABA
(N 5 73)

8/8 Placebo
(N 5 69) P

Donor-recipient EBV status, no. (%)

2/2 1 (2.3) 1 (2.6) N/A 1 (1.4) 1 (1.4)

2/1 5 (11.6) 4 (10.5) N/A 8 (11.0) 8 (11.6)

1/2 2 (4.7) 2 (5.3) N/A N/A 2 (2.7) 3 (4.3) .94

1/1 13 (30.2) 11 (28.9) N/A 40 (54.8) 34 (49.3)

Unknown 22 (51.2) 20 (52.6) N/A 22 (30.1) 23 (33.3)

Graft type .36

Peripheral blood 22 (51.2) 18 (47.4) 79 (62.2) .15 40 (54.8) 43 (62.3)

Bone marrow 21 (48.8) 20 (52.6) 48 (37.8) 33 (45.2) 26 (37.7)

CNI

Tacrolimus 29 (67.4) 26 (68.4) 96 (75.6) .38 62 (84.9) 58 (84.1) .89

Cyclosporine 14 (32.6) 12 (31.6) 31 (24.4) 11 (15.1) 11 (15.9)

NOTE. Details of matching for the CIBMTR no ATG controls are provided in the Data Supplement. The 7/8 P values represent the comparison of the 7/8
abatacept cohort and the CIBMTR control cohort. Bold entries indicate P # 0.05.
Abbreviations: ALL, acute lymphatic leukemia; AML, acute myelogenous leukemia; CIBMTR, Center for International Blood and Marrow Transplant

Research; CML, chronic myelogenous leukemia; CMV, Cytomegalovirus; CNI, calcineurin inhibitor; EBV, Epstein-Barr virus; HL, Hodgkin lymphoma; ITT,
intent-to-treat; MDS, myelodysplastic syndrome; N/A, not available.

aP value represents the comparison of the 7/8 ABA v 7/8 CIBMTR no ATG controls.
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outcomes (Figs 3A, 3C, and 3E), with survival advantages
stable through 2 years for the ABA2 versus CNI/MTX
CIBMTR control comparisons (Table 2). To further interro-
gate the impact of abatacept in the nonrandomized 7/8
stratum, a post-hoc multivariable regression was also per-
formed. This analysis supported the salutary effect of aba-
tacept on key study outcomes (Data Supplement). In the
8/8 stratum, no statistically significant benefit was observed
for NRM or OS with a median follow-up of alive patients of
716 days (Table 2 and Figs 3B and 3F). These results are

consistent with the major impact of abatacept being on
AGVHD rather than on CGVHD and underscore the fact
that reducing NRM after HLA-mismatched (7/8) URD HCT
is more closely linked with control of AGVHD than after 8/8
URD HCT.

Flow cytometric and transcriptomic analyses reveal control
of CD41 T-cell activation and effector differentiation with
abatacept. Because CD41 T cells have been consistently
documented to be the main therapeutic target of

TABLE 2. Rates of Acute and Chronic GVHD, SGFS, Relapse, RFS, NRM, and OS

Outcome
7/8 ITT N 5 43

(80% CI)
7/8 ABA N 5 38

(80% CI)
7/8 CIBMTR No ATG Controls

N 5 127 (80% CI) P a
Hazard Ratio
(80% CI)

Hazard
Ratio P

Acute GVHD (%) (at day 100)

Grade 2-4 41.9 (32.0 to 51.4) 39.5 (29.2 to 49.6) 53.2 (47.3 to 58.7) .06 0.57 (0.41 to 0.79) .028

Grade 3-4 2.3 (0.5 to 6.9) 0 (0.0 to 0.0) 30.2 (25.0 to 35.5) < .001 0 (N/Ab) < .001c

Acute GVHD (%) (at day 180)

Grade 2-4 41.9 (32.0 to 51.4) 39.5 (29.2 to 49.6) 57.4 (51.3 to 62.9) .03 0.53 (0.38 to 0.73) .014

Grade 3-4 2.3 (0.5 to 6.9) 0 (0.0 to 0.0) 32.1 (26.7 to 37.5) < .001 0 (N/Ab) < .001c

Chronic GVHD (at 1 year)

Mild-severe 62 (50.7 to 71.3) 62.2 (50.0 to 72.2) 45.9 (39.6 to 51.9) .74 1.26 (0.97 to 1.64) .266

Moderate-severe 57.9 (46.9 to 67.4) N/A N/A N/A N/A (N/A) N/A

SGFS (at day 180) 97.7 (91.9 to 99.3) 100 (100.0 to 100.0) 58.7 (52.7 to 64.2) < .001 0 (N/Ab) < .001c

Relapse (at 2 years) 9.3 (4.6 to 16.0) 7.9 (3.4 to 14.8) 21.4 (16.7 to 26.5) .21 0.45 (0.22 to 0.91) .147

RFS (at 2 years) 74 (63.2 to 82.1) 75.9 (64.1 to 84.1) 38.3 (32.4 to 44.1) .001 0.29 (0.13 to 0.64) .002

NRM (at 2 years) 16.7 (9.3 to 25.9) 16.3 (8.5 to 26.3) 40.3 (34.4 to 46.1) .01 0.33 (0.20 to 0.54) .003

OS (at 2 years) 73.6 (62.0 to 82.2) 76.9 (64.4 to 85.2) 45.3 (39.3 to 51.1) .002 0.28 (0.16 to 0.48) .003

Outcome 8/8 ABA N 5 73 (80% CI) 8/8 Placebo N 5 69 (80% CI) P Hazard Ratio (80% CI) Hazard Ratio P

Acute GVHD (%) (at day 100)

Grade 2-4 43.1 (35.5 to 50.6) 62.1 (53.9 to 69.3) .006 0.53 (0.39 to 0.71) .006

Grade 3-4 6.8 (3.7 to 11.3) 14.8 (9.7 to 20.8) .13 0.45 (0.22 to 0.90) .14

Acute GVHD (%) (at day 180)

Grade 2-4 44.8 (37 to 52.3) 63.7 (55.5 to 70.8) .006 0.53 (0.40 to 0.71) .006

Grade 3-4 6.8 (3.7 to 11.3) 14.8 (9.7 to 20.8) .13 0.45 (0.22 to 0.90) .14

Chronic GVHD (at 1 year)

Mild-severe 51.9 (43.8 to 59.3) 45.3 (36.8 to 53.3) .55 1.17 (0.85 to 1.61) .53

Moderate-severe 44.6 (36.8 to 52.2) 36 (28.2 to 44) .32 1.32 (0.93 to 1.88) .31

SGFS (at day 180) 93.2 (88.2 to 96.1) 82 (75 to 87.2) .05 0.37 (0.19 to 0.73) .06

Relapse (at 2 years) 21.5 (15.4 to 28.1) 23.6 (17.2 to 30.5) .66 0.86 (0.54 to 1.35) .66

RFS (at 2 years) 65.7 (57.8 to 72.5) 60.3 (52.2 to 67.5) .28 0.74 (0.52 to 1.06) .28

NRM (at 2 years) 12.8 (8.2 to 18.5) 16.1 (10.9 to 22.3) .45 0.71 (0.40 to 1.26) .44

OS (at 2 years) 74.3 (66.9 to 80.4) 64 (55.9 to 71) .15 0.64 (0.43 to 0.95) .15

NOTE. Details of matching for the CIBMTR no ATG controls are provided in the supplemental methods. The 7/8 P values represent the comparison of the
7/8 abatacept cohort and the CIBMTR control cohort. Bold entries indicate P # 0.05.
Abbreviations: CIBMTR, Center for International Blood and Marrow Transplant Research; GVHD, graft-versus-host disease; ITT, intent-to-treat; NRM,

nonrelapse mortality; N/A, not available; OS, overall survival; RFS, relapse-free survival; SGFS, severe-AGVHD-free-survival.
aP value represents the comparison of the 7/8 ABA v 7/8 CIBMTR no ATG controls.
bUnable to estimate CIs.
cP value estimated from stratified log-rank test accounting for matched pairs.
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FIG 2. Key GVHD outcomes. (A) 7/8 Cohort, cu-
mulative incidence of grade 3-4 AGVHD. Number of
patients at risk and censored are listed below the
graph. (B) 8/8 Cohort, cumulative incidence of grade
3-4 AGVHD. Number of patients at risk and censored
are listed below the graph. (C) 7/8 Cohort, cumulative
incidence of grade 2-4 AGVHD. Number of patients at
risk and censored are listed below the graph. (D) 8/8
Cohort, cumulative incidence of grade 3-4 AGVHD.
Number of patients at risk and censored are listed
below the graph. (E) 7/8 Cohort: cumulative inci-
dence of severe AGVHD-free-survival (SGFS).
Number of patients at risk and censored are listed
below the graph. (F) 8/8 Cohort: cumulative inci-
dence of SGFS. Number of patients at risk and
censored are listed below the graph. (G) 7/8 Cohort:
cumulative incidence of moderate-severe CGVHD.
Number of patients at risk and censored are listed
below the graph. (H) 8/8 Cohort: Cumulative inci-
dence of moderate-severe CGVHD. Number of pa-
tients at risk and censored are listed below the graph.
7/8 Cohort: Blue: CIBMTR control cohort. Solid red:
7/8 abatacept cohort, matched to the CIBMTR
controls. Dashed red: 7/8 intention-to-treat (ITT)
cohort. P values represent comparison of 7/8 aba-
tacept cohort and CIBMTR control cohort. 8/8 Cohort:
Blue: placebo. Red: abatacept. ABA, abatacept;
AGVHD, acute graft-versus-host disease; ATG, anti-
thymocyte globulin; CGVHD, chronic GVHD; CIBMTR,
Center for International Blood and Marrow Trans-
plant Research.
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abatacept,17 we interrogated this cell population in patients
who received abatacept compared with placebo. Flow
cytometric analysis revealed that patients receiving aba-
tacept demonstrated a significant preservation of
the relative proportions of naive CD4 T cells during he-
matologic reconstitution (Figs 4A-4C, Data Supplement).
These shifts were not impacted by the degree of HLA
matching and were further accentuated in patients re-
ceiving abatacept who were protected from grades 3-4
AGVHD (Fig 4C). To further interrogate the immunologic
interaction between exposure to abatacept and protection
from severe AGVHD, RNASeq was performed on CD41
T cells isolated on day 121 to 128 from ABA2 patients
(both 7/8 and 8/8 cohorts), as well as a cohort of 12 healthy
controls (Fig 4D). Weighted Gene Correlation Network
Analysis20 identified self-assembling gene modules (SAMs,
Fig 4E) that were correlated with clinical variables, in-
cluding prophylaxis regimen and AGVHD (Data Supple-
ment). The most pertinent SAM encapsulates a 476-gene
module (Fig 4E, turquoise SAM) that strongly correlated
with patients receiving CNI/MTX prophylaxis and away from
patients receiving abatacept (Fig 4F). Even more note-
worthy, embedded within the turquoise module was a 93-
gene subset that not only correlated strongly with CNI/MTX
prophylaxis, but also demonstrated increasing expression
with increasing grade of AGVHD (Fig 4G, Data Supple-
ment), thus identifying the first human T-cell transcriptional
network associated with AGVHD severity.

DISCUSSION

There is a critical unmet need in HCT for safe and effective
transplant strategies for patients lacking an HLA-matched
sibling donor. This is especially true for patients who also
lack an 8/8 HLA-matched URD, a population that is highly
skewed toward those in specific ethnic groups (including
Black, Hispanic, Asian Pacific Islanders, amongst others).8

Although both cord blood and haploidentical transplants
are reasonable alternatives for these patients, challenges
with these graft sources remain, including slow immune
recovery and infections with both graft sources.21-26 The
ABA2 study was designed to test whether targeted in vivo
CD80/86 costimulation blockade with abatacept could
improve outcomes for both 7/8 and 8/8 URD HCT.

ABA2 used a dual-strata trial design to account for
the different a priori risks of severe AGVHD and AGVHD-
associated mortality for patients receiving transplants from
7/8- versus 8/8-HLA matched donors. The inclusion of the
7/8 cohort in ABA2, even without random assignment,
was important: these high-risk patients are often either
excluded from randomized, placebo-controlled trials, or
nominally included, but with acknowledgment that few
high-risk patients will be enrolled. This contributes to the
lack of representation of these high-risk patients (often
including large proportions of ethnic minorities) in clinical
trial data, and to the lack of thorough evaluation of new
agents in these transplant patients, who could arguably
derive the greatest benefit from novel therapies. However,
despite the relevance of the 7/8 cohort, several limitations
are noted in the single-arm, historical control design. These
include inherent differences in characteristics between
the donors and recipients on the 7/8 ABA2 versus control
arms, which may be clinically meaningful, despite the lack
of statistically significant differences calculated. They also
include the difference in transplant time period between
the 7/8 ABA2 cohort and the CIBMTR controls, which,
although necessary to obtain adequate control numbers,
could introduce unmeasured effects on outcomes. An ad-
ditional limitation, which is gaining more importance with
evolving transplant practices, was the inability to include
post-transplant cyclophosphamide (PT-Cy) in the CIBMTR
control cohort because of inadequate number of these
controls in the CIBMTR database. Given the potential

ABA v No ATG

ABA ITT

G

20

40

60

80

100

0 3 6 9 12Cu
m

ul
at

iv
e 

In
ci

de
nc

e 
of

 
M

od
er

at
e-

Se
ve

re
 C

GV
HD

 (%
)

Months
ABA ITT 43 (0) 42 (0) 31 (3) 19 (1) 12 (3)

38 (0) 37 (0) 29 (2) 17 (1) 11 (3)ABA v No ATG

No. at risk (censored)

Placebo

ABA

Cu
m

ul
at

iv
e 

In
ci

de
nc

e 
of

 
M

od
er

at
e-

Se
ve

re
 C

GV
HD

 (%
)

H

20

40

60

80

100

0 3 6 9 12

P = .32

Months

No. at risk (censored)

73 (0) 69 (2) 54 (1) 30 (1) 20 (7)

69 (0) 63 (1) 44 (1) 29 (1) 15 (10)

ABA

Placebo

FIG 2. (Continued).

1872 © 2021 by American Society of Clinical Oncology Volume 39, Issue 17

Watkins et al



promise of both abatacept-based and PT-Cy-based27

GVHD prevention strategies, future prospective trials di-
rectly comparing these approaches may be warranted.

The ABA2 study demonstrated that the addition of four
peritransplant doses of abatacept improved AGVHD out-
comes, with strikingly positive results in 7/8 URD HCT.

Thus, for 7/8 patients, the abatacept cohort demonstrated
substantial improvements in grade 3-4 AGVHD, grade 2-4
AGVHD, and day 1180 SGFS compared with CNI/MTX
controls. Given that the 7/8 stratum was single arm, it was
important to evaluate how representative the outcomes
from both the enrolled patient cohort and the CIBMTR
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FIG 3. Key transplant outcomes. (A) 7/8 Cohort,
cumulative incidence of nonrelapse mortality
(NRM). Number of patients at risk and censored
are listed below the graph. (B) 8/8 Cohort, cu-
mulative incidence of NRM. Number of patients
at risk and censored are listed below the graph.
(C) 7/8 Cohort, cumulative incidence of relapse-
free survival (RFS). Number of patients at risk
and censored are listed below the graph. (D) 8/8
Cohort, cumulative incidence of RFS. Number of
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Cohort: Blue: CIBMTR control cohort. Solid red:
7/8 abatacept cohort, matched to the CIBMTR
controls. Dashed red: 7/8 intention-to-treat (ITT)
cohort. P values represent comparison of 7/8
abatacept cohort and CIBMTR control cohort.
8/8 Cohort: Blue: Placebo. Red: Abatacept.
ABA, abatacept; ATG, anti-thymocyte globulin;
CIBMTR, Center for International Blood and
Marrow Transplant Research; OS, overall survival.
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controls were compared with the general 7/8 URD trans-
plant population. With respect to the CIBMTR controls, their
outcomes closely mirrored those previously reported for
7/8 URD HCT,3,7 supporting the conclusion that improved
results with abatacept were not because of spuriously poor
outcomes in the controls. With respect to the enrolled 7/8
patient cohort, the positive outcomes in ABA2 patients
were unlikely to be because of ABA2 patients being a highly
selected population with intrinsically lower risk of GVHD.
Although abatacept improved acute GVHD in ABA2 pa-
tients, it did not affect chronic GVHD. This observation
strengthens the inference that the positive AGVHD outcomes
were because of the efficacy of the four-dose abatacept
regimen in preventing AGVHD, rather than to an intrinsi-
cally lower risk of all-cause GVHD in the enrolled patients.
Furthermore, multivariable analysis of several key outcomes
in the 7/8 cohort (Data Supplement) supported the sig-
nificant improvement that abatacept made in this cohort.

The substantial improvement in outcomes for 7/8 patients
generated an additional, unexpected observation: although
not a controlled analysis, the NRM, RFS, and OS statistics
from the 7/8 abatacept cohort compared favorably with
the 8/8 cohort receiving CNI/MTX plus placebo (Table 2).
This observation is consistent with the biology of CD28:
CD80/86-directed costimulation blockade, which inhibits
signaling events downstream from initial T cell receptor–HLA
interactions.28 These observations suggest that a regimen
containing CNI/MTX plus abatacept could potentially ‘level
the playing field’ for those patients (often ethnic minorities)
for whom the only URD option is HLA-mismatched. More-
over, the survival results for the 7/8 ABA2 patients compare
favorably with a retrospective study of PT-Cy versus ATG in
HLA-mismatched URD transplants, recently published by
the EuropeanBoneMarrow Transplant Consortium,29 further
suggesting the importance abatacept as part of the arma-
mentarium of GVHD prophylaxis agents available clinically.

The survival outcomes in ABA2 were driven by the com-
bined decrease in AGVHD and the favorable safety profile,
with the placebo-controlled analysis of safety end points
in the 8/8 stratum adding rigor to this conclusion. Most

notably, abatacept did not appear to increase the risk
of disease relapse in either 7/8 or 8/8 HCT, a key safety
outcome when adding an adjunctive immunomodulating
agent to transplants for hematologic malignancies. It is im-
portant to note that long-term analysis of this end point is still
ongoing, with follow-up of all ABA2 patients planned through
5 years post-transplant. As noted above, one important ex-
ception to the improvement in outcomes with abatacept was
in the area of CGVHD, with abatacept not improving CGVHD
outcomes in either of the 7/8 and 8/8 cohorts compared with
controls. This outcome may be expected, given the short
course of abatacept that was administered in this trial (four
doses, with the final dose on day 128, and lack of drug
exposure expected by day 110017). The improvement in
survival statistics despite equivalent rates of CGVHD in the
7/8 stratum underscores the impact that severe AGVHD
makes on survival after URD transplant, especially after HLA-
mismatched HCT. Recent smaller studies have suggested
that abatacept may have activity in treating CGVHD, and that
increasing the number abatacept doses could prevent both
CGVHD and AGVHD.30,31 Thus, there is rationale for rigor-
ously testing an extended dosing schedule to determine
whether longer exposure could improve chronic as well as
acute GVHD outcomes.

Flow cytometric analysis provided compelling evidence
for substantial restraint of effector-memory CD41 T-cell
expansion with abatacept, and for the similarity of abata-
cept’s immunologic effect on CD41 T-cell reconstitution
in both the 7/8 and 8/8 cohorts. This similarity in the im-
munologic impact of abatacept may have led to the down-
stream clinical results of ABA2, with comparable outcomes
in the 7/8 and 8/8 cohorts. Transcriptomic analysis of
CD41 T cells from ABA2 patients enabled a fundamental
advance in our understanding of the immune networks,
rather than selected genes,32-34 driving AGVHD. Abatacept
not only downregulated the expression of genes in these
networks compared with CNI/MTX, but also decoupled
their expression from AGVHD severity. These results sug-
gest a profound reprograming of T-cell activation with
abatacept that is correlated with control of AGVHD.

FIG 4. (Continued).
by grade 3-4 AGVHD. ABA patients with no grade 3-4 GVHD versus ABA patients with grade 3-4 GVHD P5 .024. In A-C, data are shown as the
percentage6 SEM. In A-B, dashed red5 7/8 ABA intent-to treat; solid red5 8/8 ABA; solid blue5 8/8 placebo; in C, dashed red5 8/8 ABA with
grade 3-4 AGVHD; solid red 5 8/8 ABA without grade 3-4 AGVHD; dashed blue: 8/8 placebo with grade 3-4 AGVHD; solid blue 5 8/8 placebo
without grade 3-4 AGVHD. (D) Transcriptomic analysis pipeline. (E) Weighted gene coexpression network analysis heatmap. Heatmap
demonstrates the correlation (using a blue-red false color scale) of weighted gene coexpression network analysis gene modules (colored
turquoise, blue, green, and red) in transcriptomic samples grouped by clinical metadata. Row or column order is determined by hierarchical
clustering of themodule eigengene with clinical metadata for each sample. (F) Gene set enrichment analysis of the turquoiseWGCNAmodule in a
ranked list of differentially expressed genes between patients receiving abatacept (left) and patients receiving standard prophylaxis (right). The
gene list was generated with a cutoff of FDR, 0.001 by gene-set permutation testing. (G) Ingenuity pathway analysis of the 93-gene subset of the
turquoise module. Yellow: proliferation genes; black: apoptosis genes; blue: checkpoint genes; green: metabolism genes; red: T-cell activation
genes. Solid lines: direct interactions; dashed lines: indirect interactions. ABA, abatacept; AGVHD, acute graft-versus-host disease; CMV,
Cytomegalovirus; EBV, Epstein-Barr virus; FDR, False Discovery Rate; HC, hematopoietic cell; NRM, nonrelapse mortality.
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In summary, the ABA2 trial demonstrated the safety and ef-
ficacy of in vivo costimulation blockade with abatacept in
preventing both moderate-severe and severe AGVHD after 7/8
URD HCT, with a significant impact on moderate-severe

AGVHD and steroid-refractory AGVHD in 8/8 patients. The
substantial improvement in survival indicators in the 7/8 cohort
suggest that the addition of abatacept could be clinical practice-
changing for these otherwise high-risk transplants.
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