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Chronic graft-versus-host-disease (cGVHD) is divided into two subtypes: classic (absence of acute GVHD features) and overlap
cGVHD (‘ocGVHD’), in which both chronic and acute GVHD clinical features are present simultaneously. While worse outcomes with
ocGVHD have been reported, there are few recent analyses. We performed a secondary analysis of data from the ABA2 trial
(N= 185), in which detailed GVHD data were collected prospectively and systematically adjudicated. Analyses included cumulative
incidence of classic versus ocGVHD, their specific organ manifestations, global disease severity scores, non-relapse mortality (NRM),
disease-free survival (DFS) and overall survival (OS) in these two cGVHD subtypes. Of 92 patients who developed cGVHD, 35 were
classified as ocGVHD. The 1-year cumulative incidence, organ involvement, and global severity of classic and ocGVHD were similar
between ABA2 patients receiving CNI/MTX+placebo and CNI/MTX+abatacept; thus, cohorts were combined for ocGVHD
evaluation. This analysis identified ocGVHD as having significantly higher severity at presentation and at maximum global severity
compared to classic cGVHD. OS and DFS were significantly lower for ocGVHD versus classic cGVHD. OcGVHD is associated with
increased cGVHD severity scores, and is associated with decreased OS and DFS compared to classic cGVHD, underscoring the high
risks with this cGVHD subtype.
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INTRODUCTION
Chronic Graft-versus-host disease (cGVHD) is a major complication
of allogeneic hematopoietic stem cell transplantation (HCT), and
depending on graft source, GVHD prophylaxis, and HLA matching,
can affect as many as 70% of transplant recipients [1–4]. The
proposed pathophysiology of cGVHD is complex and involves
multiple phases; early post-transplant inflammation secondary to
tissue injury is followed by ongoing chronic inflammation, thymic
injury, and dysregulation of both innate and adaptive immunity [5].
Chronic GVHD can affect nearly any organ system, but most
commonly involves sites such as skin, mouth, eyes and liver.
Corticosteroids, newly FDA-approved cGVHD therapies, and other
agents, as well as organ-specific supportive care, are the
mainstays of therapy for cGVHD [6–8]. Steroid-dependent and
-refractory disease remains a clinical challenge, with approximately
half of patients with cGVHD requiring secondary treatments
within 2 years [9]. Furthermore, despite the availability of newer
agents for the treatment of cGVHD, there is still a large

portion of patients that do not respond or do not have sustained
responses [10].
Chronic GVHD is divided into classic (absence of acute GVHD

features) and overlap cGVHD (‘ocGVHD’) subtypes. The 2005
National Institutes of Health (NIH) cGVHD working group and the
subsequent 2014 update defined the term ‘ocGVHD’ to describe
the situation when clinical findings of both acute GVHD (aGVHD)
and cGVHD are present simultaneously [11, 12]. The reported
proportion of ocGVHD within patients who develop cGVHD ranges
between 16–89%; this broad range can be attributed to
differences in study design, patient population, differences in
graft source and conditioning regimens, and application of NIH
diagnostic criteria in the contributing reports [13–16]. The
incidence of ocGVHD in the pediatric population is generally
lower, with reports documenting an incidence of 3–39% [17, 18].
One of the unmet needs in the field is to understand the impact

of ocGVHD on post-transplant outcomes with previous reports
varying substantially [19–25] and with few recent analyses [26–28].
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Furthermore, many other reports combine classic cGVHD and
ocGVHD for post-transplant analyses, which may mask the unique
role of ocGVHD in patient outcomes [29–32]. Here we take
advantage of detailed aGVHD, cGVHD and ocGVHD data from a
recently published phase II trial [33] (‘ABA2’) to determine the
incidence and severity of ocGVHD and classic cGVHD, compare
their outcomes, and assess the impact of T cell costimulation
blockade with abatacept (ABA) on this disease entity.

METHODS
Patients evaluated
The ABA2 trial (NCT01743131) enrolled children (�6 years) and adults
undergoing HCT for hematologic malignancies under two strata: a
randomized, double-blind, placebo-controlled stratum (8/8 HLA-matched
unrelated donor (URD)), comparing calcineurin inhibitor (CNI) and
methotrexate (MTX) plus 4 doses of ABA versus CNI/MTX plus placebo
(8/8 ABA n= 73, 8/8 placebo n= 69, respectively), and a single arm
stratum (7/8-HLA mismatched URD receiving CNI/MTX plus ABA (7/8 ABA,
n= 43)). For the current analysis, the 2014 NIH consensus conference
criteria were used to score cGVHD [11]. The severity of cGVHD was
assessed at the time of cGVHD diagnosis (presentation) and at maximum
cGVHD severity in the first-year post-transplant [11]. A blinded analysis was
performed by an endpoint review committee, who reviewed and
adjudicated severity scores of acute and chronic GVHD for each patient
for the first-year post-transplant. The “overlap” designation was adjudi-
cated when one or more aGVHD manifestations were present in a patient
with a simultaneous diagnostic and/or distinctive feature of chronic GVHD.
Examples of acute manifestations that led to an “ocGVHD” designation
included inflammatory changes in skin without sclerotic changes, acute
manifestations of the GI tract such as diarrhea, anorexia or vomiting, and
acute manifestations of the liver such as cholestasis. The presence of
isolated hepatitis was considered a cGHVD feature. The presence or
absence and the preceding type of aGVHD was also described for this
patient population. Specifically, the onset of aGVHD was further classified
into “classic aGVHD”, when the initial diagnosis of aGVHD occurred within
the first 100 days post-transplant; “late onset aGVHD”, when the initial
diagnosis of aGVHD occurred beyond day 100 with no prior history of
classic aGVHD; “recurrent onset aGVHD”, when a recurrence of aGVHD
occurred after day 100 with a prior history of classic aGVHD that was
controlled, inactive or resolved; and “persistent aGVHD” if active aGVHD
started before, and persisted beyond day 100 [34].

Statistical analysis
Baseline characteristics were described separately for patients developing
classic and overlap cGVHD. Global cGVHD severity score and cGVHD organ
involvement were described at the time of diagnosis (presentation) of
cGVHD and at maximum organ involvement/score (maximum severity)
during the first-year post HCT. Comparisons between groups of any
categorical baseline variables, global cGVHD severity scores, or frequencies
of cGVHD organ involvement were performed using Fisher’s exact test.
Comparisons between groups of the distribution of the grade of cGVHD
organ involvement were performed using the Kruskal-Wallis test.
Comparisons between groups of any numerical baseline variables were
performed using the Wilcoxon rank sum test. For all analyses, separate
comparisons were performed of the 8/8 ABA group to 8/8 placebo, and 8/8
ABA to 7/8 ABA. When differences were not detected, the groups were
combined for comparison of overlap and classic cGVHD outcomes. All
outcomes that are described and compared for ocGVHD vs classic cGVHD
include only patients that developed chronic GVHD within one-year post-
transplant.
As noted above, chronic GVHD endpoints included classic cGVHD and

ocGVHD. The timing of these outcomes was defined as the number of days
after transplant until the onset of cGVHD. In the analysis of the ABA2
dataset, there were no patients who developed new onset acute GVHD
manifestations after a diagnosis of classic cGVHD; therefore, there were no
patients for whom the sub-category of cGVHD changed from an initial
diagnosis of classic cGVHD to ocGVHD. It should also be noted that once a
diagnosis of ocGVHD was made, this diagnosis was not altered even if the
acute component of the ocGVHD resolved with treatment. As such, in the
present analysis, the designation of classic cGVHD and ocGVHD were fixed
outcomes. Competing risks for cGVHD endpoints were relapse or death in
the absence of cGVHD. In the case of classic cGVHD and ocGVHD, the

opposite type of cGVHD was also a competing risk. Cumulative incidence
estimates were provided for cGVHD outcomes, and Gray’s test was used for
comparisons between groups.
Non-relapse mortality (NRM), time to relapse (TTR), disease-free survival

(DFS), and overall survival (OS) were described and compared for the
patients developing classic cGVHD and overlap cGVHD. NRM was defined
as time from transplant until death in the absence of relapse, with relapse
as a competing risk. TTR was defined as time from transplant until relapse,
with death in the absence of relapse as a competing risk. Cumulative
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Fig. 1 One-year cumulative incidence of cGVHD by ABA2
treatment cohort. a Cumulative incidence of all cGVHD in 8/8
placebo (green), 8/8 ABA (red) and 7/8 ABA (blue) patients. Within
the 8/8 cohort, the cumulative 1-year incidence cGVHD was 43.1%
(8/8 placebo) vs 49.7% (8/8 ABA), p= 0.54. Within the ABA cohort,
the cumulative 1-year incidence of cGVHD was 49.7% (8/8 ABA) vs
63.7% (7/8 ABA), p= 0.19. b Cumulative incidence of classic cGVHD
in 8/8 placebo (green), 8/8 ABA (red) and 7/8 ABA (blue) patients.
Within the 8/8 cohort, the cumulative incidence of classic cGVHD
was 29.7% (8/8 placebo) vs 30.4% (8/8 ABA), p= 0.98. Within the
ABA cohort, the cumulative incidence of classic cGVHD was 30.4%
(8/8 ABA) vs. 35.5% (7/8 ABA), p= 0.61. c Cumulative incidence of
ocGVHD in 8/8 placebo (green), 8/8 ABA (red) and 7/8 ABA (blue)
patients. Within the 8/8 cohort, the cumulative incidence of ocGVHD
was 13.4% (8/8 placebo) vs 19.3% (8/8 ABA), p= 0.34. Within the
ABA cohort, the cumulative incidence of ocGVHD was 19.3% (8/8
ABA) vs. 28.2% (7/8 ABA), p= 0.30.
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incidence estimates were provided for NRM and TTR, with Gray’s test for
comparisons between classic and overlap. DFS was defined as time from
transplant until relapse or death. OS was defined as time from transplant
until death from any cause. Kaplan-Meier survival estimates were provided
for DFS and OS, with the log-rank test used for comparisons. Point-
estimates of NRM, TTR, DFS, and OS are provided at one- and two-years
from transplant, along with 95% confidence intervals using Greenwood’s
formula for DFS and OS and using the Aalen formula for NRM and TTR.
Analysis was conducted using SAS v. 9.4 (SAS Institute, Cary, NC, USA) and
R (r-project.org, Vienna, Austria).

RESULTS
Cumulative incidence and organ involvement for classic
cGVHD and ocGVHD
The cumulative incidence of all grades of cGVHD through one-
year post-transplant on ABA2 was 43.1% for 8/8 placebo patients,
49.7% for 8/8 ABA patients, and 63.7% for 7/8 ABA patients
(Fig. 1a, p= 0.54 for the 8/8 placebo versus 8/8 ABA comparison,
and p= 0.19 for the 8/8 ABA versus 7/8 ABA comparison). Of the
92 patients diagnosed with cGVHD within one-year of HCT, 35
developed ocGVHD (Table 1). As shown in Table 1, the ocGVHD
and classic cGVHD groups were balanced for baseline character-
istics, except for older age at transplant for patients with ocGVHD
compared to classic cGVHD (mean 54.5 vs 37.1 years respectively,

p= 0.02). The most common organs involved in both classic cGVHD
and ocGVHD are shown in Table 2A, B. The most common organs in
classic cGVHD, when analyzed at the time of presentation, were the
mouth (82%), eyes (39%), liver (39%) and skin (37%). The most
common organs involved in ocGVHD when analyzed at the time of
presentation were the skin (86%), mouth (80%) and GI tract (54%)
(Table 2A). The most common organs in classic cGVHD, when
analyzed at the time of maximum disease severity, were the mouth
(84%), eyes (49%), skin (39%) and liver (39%). The three most
common organs involved in ocGVHD when analyzed at the time of
maximum disease severity were the skin (91%), mouth (83%) and GI
tract (60%) (Table 2B). At the time of ocGVHD diagnosis, 97% (34/35)
of patients had diagnostic features of cGVHD (oral 88.6%, eyes 3%,
skin 6%, GU 3%, GI 3%). Three percent (1/35) had myositis, a
distinctive feature of cGVHD (Supplementary Table 1) [8]. Within the
8/8 cohort (8/8 ABA and 8/8 placebo), there was no difference in the
cumulative incidence of classic cGVHD (29.7% 8/8 placebo vs 30.4%
8/8 ABA, p= 0.98, Fig. 1b) or ocGVHD (13.4% 8/8 placebo vs 19.3%
8/8 ABA, p= 0.34, Fig. 1c). Within the ABA cohort (8/8 ABA and 7/8
ABA), there was no difference in the cumulative incidence of classic
cGVHD (30.4% 8/8 ABA vs. 35.5% 7/8 ABA, p= 0.61, Fig. 1b) or
ocGVHD (19.3% 8/8 ABA vs. 28.2% 7/8 ABA, p= 0.30, Fig. 1c).
Additionally, there was no significant difference in the cGVHD global
severity score at cGVHD diagnosis or at maximum cGVHD

Table 1. Baseline characteristics of ABA2 participants with chronic GVHD.

Characteristic total N= 92 Classic cGVHD N= 57 (62% of
patients with cGVHD)

ocGVHD N= 35 (38% of patients
with cGVHD)

P value

Age, median years (range) 37.1 (7.9 – 76.2) 54.5 (7.0 – 76.5) 0.02

Age group, no. (%) 0.602

Pediatric (age < 21) 13 (22.8) 6 (17.1)

Adult (age ≥21) 44 (77.2) 29 (82.9)

Mean platelet count (103/mcL) at cGVHD diagnosis
(range)

168 (82-301) 152 (41-335) 0.28

Time to cGVHD diagnosis, median days from
transplant (range)

220 (43 – 364) 191 (108 – 349) 0.0516

Treatment group, no. (%) 0.59

8/8 Aba 22 (38.6) 14 (40)

8/8 Placebo 20 (35.1) 9 (25.7)

7/8 Aba 15 (26.3) 12 (34.3)

Performance Score > 90%, no. (%) 42 (73.7) 27 (77.1) 0.81

Disease, no. (%) 0.85

AML 23 (40.4) 11 (31.4)

ALL 17 (29.8) 10 (28.6)

CML 3 (5.3) 2 (5.7)

MDS 12 (21.1) 10 (28.6)

HL 0 (0) 0 (0)

Other 2 (3.5) 2 (5.7)

Conditioning regimen, no. (%) 0.11

Busulfan/Fludarabine 6 (10.5) 0 (0)

Busulfan/cyclophosphamide 24 (42.1) 14 (40)

TBI/ cyclophosphamide 18 (31.6) 10 (28.6)

Fludarabine/Melphalan 9 (15.8) 11 (31.4)

Conditioning intensity, no. (%) 0.12

Myeloablative 48 (84.2) 24 (68.6)

Reduced intensity 9 (15.8) 11 (31.4)

Graft type, no. (%) 0.82

Peripheral blood 37 (64.9) 24 (68.6)

Bone marrow 20 (35.1) 11 (31.4)
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presentation within the 8/8 placebo versus 8/8 ABA cohorts or within
the 7/8 versus 8/8 ABA cohorts (Table 3). Because of the similarities
between the incidence and severity of classic cGVHD and ocGVHD in
the 8/8 placebo, 8/8 ABA and 7/8 ABA cohorts, these cohorts were
combined for most of the downstream analyses.

Distinguishing disease characteristics between classic cGVHD
and ocGVHD
As shown in Fig. 2, patients with ocGVHD had significantly more
severe cGVHD at initial diagnosis and at maximum severity within
the first year post-HCT compared to those who developed classic
cGVHD. The distribution of affected organs was also different for
the two cGVHD subtypes (Table 2). Notably, the aGVHD
components of disease made a substantial impact on the severity
of cGVHD in many ocGVHD patients; for example, for patients with
moderate-severe ocGVHD, more than a third of these patients
would have been reclassified as having mild cGVHD if only their
chronic organ involvement was scored. The severity of disease at
presentation for these patients was driven by the aGVHD aspects
of their disease (Fig. 3). This increase in severity was also evident in
the sub-category of aGVHD (described in Methods) that was
present in ocGVHD patients. Thus, at presentation of ocGVHD,
60% of patients had “recurrent onset” of their aGVHD, while “late
onset” and “persistent onset” each represented 20% of patients,
according to the EBMT-NIH-CIBMTR task force classification system
[34] (Supplementary Table 2). In contrast, at presentation of classic
cGVHD, only 10.5% of patients had previously experienced
“recurrent onset” aGVHD (p < 0.0001 vs the rate of recurrent
onset aGVHD in ocGVHD), with “late” and “persistent onset”
aGVHD representing 5.3% (p= 0.004 vs ocGVHD) and 1.8% of
cases (p= 0.04 vs ocGVHD), respectively. Consistent with the
diagnosis of classic cGVHD, all aGVHD subtypes had resolved prior
to the cGVHD diagnosis in these patients (Supplementary Table 2).

OcGVHD is associated with decreased survival versus
classic cGVHD
As shown in Fig. 4 and Table 4, compared to patients with classic
cGVHD, patients with ocGVHD had significantly decreased survival.
Thus, OS was significantly lower for patients with ocGVHD versus
classic GVHD (p= 0.003, Fig. 4a). This was reflected in the
estimated probability of OS in ocGVHD compared with classic
cGVHD at 1 year (83% vs 100%, respectively) and 2 years (64% vs
92% respectively) (Table 4). DFS was also decreased in patients
with ocGVHD versus classic GVHD (Fig. 4b, p= 0.014), with a
similar trend compared to OS. Thus, the 1-year estimated DFS was
83% for ocGVHD versus 100% for classic cGVHD, while 2-year DFS
was 65% for ocGVHD and 84% for classic cGVHD. For NRM, there
was a trend for increased NRM in patients with ocGVHD versus
classic cGVHD (Fig. 4c, p= 0.068), with ocGVHD patients
experiencing earlier NRM than those with classic cGVHD. Indeed,
for the 15 patients who experienced NRM (8 with ocGVHD, 7 with
classic cGVHD), those with ocGVHD had shorter survival after
cGVHD diagnosis compared to those with classic cGVHD (86 days
versus 465 days, p= 0.007). NRM at 1-year was 17% for those with
ocGVHD versus 0% for patients with classic cGVHD, while 2-year
NRM was 26% for ocGVHD and 8% for classic cGVHD. Of note, for
patients with ocGVHD, many of the deaths (58%) were GVHD-
related (Supplementary Table 3), further highlighting the impact
that ocGVHD made to patient outcomes. Indeed, the majority of
NRM recorded in cGVHD patients on ABA2 occurred in those who
had severe cGVHD at diagnosis, and 87% of deaths in
ocGVHD patients occurred in those who had severe aGVHD
manifestations in the GI tract and liver (Supplementary Table 4).
Time-to-relapse was similar for patients with classic cGVHD
and ocGVHD (Fig. 4d) but with a trend towards increased later
relapses apparent in ocGVHD patients. Together, the pattern of

Table 2. Comparison of the involved cGVHD organ systems between
classic cGVHD and ocGVHD at the time of initial presentation (Table
2A) and at maximum severity of cGVHD (Table 2B).

classic
cGVHD,
no. (%)

ocGVHD,
no. (%)

p value*

Number of patients
with cGVHD subtype
(% of patients with
cGVHD subtype
compared to total
number with cGVHD)

57 (62%) 35 (38%)

A: At time of presentation

Skin 21 (37) 30 (86) <0.001a

Grade 1 10 (18) 10 (29)

Grade 2 6 (11) 10 (29)

Grade 3 5 (9) 10 (29)

Mouth 47 (82) 28 (80) 0.79b

Eyes 22 (39) 16 (46) 0.52b

GI 14 (25) 19 (54) 0.002a

Grade 1 7 (12) 9 (26)

Grade 2 7 (12) 3 (9)

Grade 3 0 (0) 7 (20)

Liver 22 (39) 12 (34) 0.94a

Grade 1 9 (16) 5 (14)

Grade 2 12 (21) 1 (3)

Grade 3 1 (2) 6 (17)

Lungs 5 (9) 0 (0) 0.15b

Fascia 5 (9) 1 (3) 0.40b

GU 2 (4) 1 (3) >0.99b

Other 23 (40) 12 (34) 0.66b

B: At Maximum Severity

Skin 22 (39) 32 (91) <0.001a

Grade 1 11 (19) 10 (29)

Grade 2 6 (11) 11 (31)

Grade 3 5 (9) 11 (31)

Mouth 48 (84) 29 (83) >0.99b

Eyes 28 (49) 18 (51) >0.99b

GI 19 (33) 21 (60) 0.005a

Grade 1 10 (18) 10 (29)

Grade 2 9 (16) 2 (6)

Grade 3 0 (0) 9 (26)

Liver 22 (39) 14 (40) 0.73a

Grade 1 8 (14) 6 (17)

Grade 2 12 (21) 2 (6)

Grade 3 2 (4) 6 (17)

Lungs 9 (16) 1 (3) 0.08b

Fascia 8 (14) 1 (3) 0.15b

GU 4 (7) 2 (6) >0.99b

Other 24 (42) 14 (40) >0.99b

*All p values reported are nominal pvalues with no adjustment for
multiplicity of testing.
aKruskal-Wallis test by ranks on the distributions of the ordered grades of
cGVHD organ involvement.
bFisher’s exact test on whether or not there was cGVHD involvement for
specified organ system.
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mortality risk for patients with ocGVHD versus classic cGVHD
suggests a more significant difference in early versus late
mortality with ocGVHD, consistent with the acute attributes of
this GVHD subtype.
To determine whether there were any notable differences

between the placebo and ABA patients with regard to ocGVHD,
we performed a sub-analysis of the 8/8 cohort for OS and DFS,
comparing outcomes between classic cGVHD and ocGVHD
amongst 8/8 Placebo versus 8/8 ABA patients. Although, as

shown in Supplementary Table 5, the global severity of both
classic cGVHD and ocGVHD was similar for 8/8 Placebo versus 8/8
ABA, there were survival differences between these two cohorts.
Thus, in the 8/8 Placebo group, patients who developed ocGVHD
demonstrated significantly lower OS and DFS compared to those
with classic cGVHD (p= 0.004 and 0.003, respectively, Supple-
mentary Table 6). In contrast, in the 8/8 ABA group, OS and DFS
were similar (p= 0.74 and 0.698 respectively) suggesting that
ABA’s protective effect on aGVHD had a positive impact on
ocGVHD outcomes.

DISCUSSION
Using rigorously adjudicated GVHD data from the ABA2 clinical
trial, here we demonstrate that ocGVHD was associated with
significantly decreased OS and DFS compared to classic cGVHD,
and with NRM occurring earlier in ocGVHD. These data under-
score the substantial risks associated with this sub-type of
cGVHD, as demonstrated in previous clinical trials [19]. This
analysis also highlighted the impact that the acute elements of
ocGVHD made to disease severity, with these elements driving
disease severity and early mortality in a substantial proportion of
patients.

Table 3. Comparison of global cGVHD severity scores between the treatment arms (8/8 placebo vs. 8/8 ABA vs 7/8 ABA) at presentation and at
maximum severity of cGVHD.

Global cGVHD severity score

Mild, no. (%) Moderate, no. (%) Severe, no. (%) P value

Distribution at presentation

8/8 placebo 9 (31) 12 (41) 8 (28) 0.53 (vs 8/8 ABA)

8/8 ABA 7 (19) 19 (53) 10 (28)

7/8 ABA 4 (14) 15 (54) 9 (32) 0.69 (vs 8/8 ABA)

Distribution at maximum:

8/8 placebo 4 (14) 17 (59) 8 (28) 0.94 (vs 8/8 ABA)

8/8 ABA 5 (14) 19 (53) 12 (33)

7/8 ABA 3 (11) 13 (46) 12 (43) 0.58 (vs 8/8 ABA)

cGVHD score classic vs. overlap cGVHD
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Fig. 2 The distribution of global cGVHD severity scores compar-
ing classic cGVHD to ocGVHD. a Comparison at initial diagnosis of
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The present analysis also underscored the general similarity in
both the placebo and ABA cohorts of the ABA2 trial with respect
to the incidence of both overlap and classic cGVHD, but
highlighted the potential of ABA to decrease the risk of death in
patients who develop the ocGVHD subtype of disease. While this
was a post-hoc analysis, and ABA2 was not powered to specifically
address questions focused on ocGVHD, this observation under-
scores the potential importance of targeting both the inflamma-
tory as well as fibrotic components of ocGVHD when considering
prevention and treatment choices.
This analysis also highlights the challenges inherent in

rigorously analyzing the impact of ocGVHD on transplant
outcomes. One of the key challenges is in accurately differentiat-
ing ocGVHD from late aGVHD or other causes of organ impairment
[35]. The real-time adjudication process and the detailed
information obtained for the diagnosis of cGVHD in ABA2
increased the clarity in classifying the diagnostic and/or distinctive
features of cGVHD. As expected, more patients with ocGVHD had
recurrent, late, or persistent aGVHD compared to patients with
classic cGVHD. Interestingly, in most cases of ocGVHD, there was a
recurrence of aGVHD prior to developing the diagnostic or
distinctive signs of cGVHD. As such, it is possible that the late
onset of aGVHD, irrespective of the chronic cGVHD component,
was the main contributor to the worse survival outcomes in these
patients. While there are conflicting reports in the literature
concerning whether a late onset of aGVHD is associated with
worse survival outcomes compared to classic onset aGVHD

[36–40]; a recent report links the increased clinical severity of late
aGVHD with higher-risk aGVHD biomarker features [41]. Given that
the time to onset, history of prior immunosuppression, and the
presence of antecedent aGVHD differ between ocGVHD, classic
cGVHD, and late aGVHD, future studies will be necessary to
definitively identify the biological differences between these
disease entities.
Our study has several strengths. These include the prospective

nature of the ABA2 trial, and the real-time, blinded data review
and GVHD adjudication that occurred in this trial. This enabled the
accurate assignment of cGVHD subtype and severity, given the
prospective collection of granular data (including source docu-
ment verification) on both acute and chronic GVHD signs and
symptoms through one-year post-HCT. It should be noted that for
this analysis, due to differences in the timing of key survival events
in chronic versus ocGVHD, performing a landmark analysis (for
instance considering events only after 1-year post-transplant) was
not appropriate, as it would have disproportionally affected one of
the two comparator arms. Alternatively, performing analyses from
onset of cGVHD was considered, but ultimately deemed not
appropriate as most survival analyses in the HCT literature use the
date of stem cell infusion to anchor key survival events. Therefore,
events were evaluated from the time of transplant onward. This
study also has several limitations, including the fact that this was a
post-hoc analysis, and therefore sample size for each cGVHD
cohort was relatively small, and the fact that cGVHD adjudication
was limited to cases diagnosed within one year of transplant. The
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small sample size may have limited the strength of some statistical
analyses, and it precluded determining the impact of ocGVHD
specifically in the pediatric sub-population. With respect to timing
of cGVHD diagnosis, some outcome measures may be under-
estimated in this analysis, given that only patients diagnosed with
cGVHD within the first year were included in subsequent
comparisons. Because the median time to diagnosis of classic
cGVHD was slightly later than ocGVHD (220 versus 191 days post-
HCT), some classic GVHD cases may have been missed with this
cut-off. The impact of this limitation is expected to be small,
however, given that the median onset of classic cGVHD was still
well within one-year post-transplant.
This study underscores the high risk that HCT patients face when

they develop ocGVHD. It demonstrates that their onset of
symptoms is worse, that they are harder to treat, and that they
face major mortality risks associated with this disease. As we
continue to refine our prevention and treatment of cGVHD, patients
with overlap disease remain an under-studied and at-risk cohort.
They would benefit from prevention and treatment trials that target
the complex clinical and pathophysiologic origins of disease.

DATA AVAILABILITY
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