
Initial therapy for chronic graft-versus-host disease: analysis of practice
variation and failure-free survival

Joseph Pidala,1 Lynn Onstad,2 Paul J. Martin,2 Betty K. Hamilton,3 Corey Cutler,4 Carrie L. Kitko,5 Paul A. Carpenter,2

George L. Chen,6 Mukta Arora,7 Mary E. D. Flowers,2 Sally Arai,8 Amin Alousi,9 Jennifer White,10 David Jacobsohn,11 Iskra Pusic,11

and Stephanie J. Lee2

1Blood and Marrow Transplantation and Cellular Immunotherapy, H. Lee Moffitt Cancer Center and Research Institute, Tampa, FL; 2Clinical Research Division, Fred Hutchinson
Cancer Research Center, Seattle, WA; 3Blood and Marrow Transplantation, Department of Hematology and Medical Oncology, Taussig Cancer Institute, Cleveland Clinic,
Cleveland, OH; 4Division of Stem Cell Transplantation and Cellular Therapy, Dana-Farber Cancer Institute, Boston, MA; 5Pediatrics, Hematology/Oncology, Vanderbilt University,
Nashville, TN; 6Department of Medicine, Roswell Park Comprehensive Cancer Center, Buffalo, NY; 7Division of Hematology, Oncology and Transplantation, University of
Minnesota Medical Center, Minneapolis, MN; 8Department of Medicine, Division of Blood and Marrow Transplantation, Stanford University School of Medicine, Stanford, CA;
9Department of Stem Cell Transplantation and Cellular Therapy, The University of Texas MD Anderson Cancer Center, Houston, TX; 10Leukemia/Bone Marrow Transplant
Program of British Columbia, British Columbia Cancer Agency, Vancouver, BC, Canada; and 11Division of Blood and Marrow Transplantation, Center for Cancer and Blood
Disorders, Children's National Health System, Washington, DC

Prior clinical trials largely considered prednisone 1mg/kg per daywith orwithout

calcineurin inhibitor as standard initial therapy for chronic graft-versus-host disease

(cGVHD), but uncertainty remains regarding the extent of practice variation andwhether

this affects subsequent outcomes.We assembled a cohort of 745 patientswith cGVHD

treatedwith initial systemic immune suppressive (IS) therapy from3prior cGVHD

Consortiumobservational studies. Initial therapywas defined asfirst IS therapy started for

cGVHDor prednisone increased to$0.4mg/kg per day from lower doseswithin 30 days

before cGVHDdiagnosis to any time afterward. Initial therapieswere nonprednisone IS

therapies (n5 137, 18%), prednisone alone (n5 411, 55%), or prednisone plus other IS

therapy (n5 197, 26%). Inmultivariate analysis, initial therapy groupwas not associated

with failure-free survival (FFS; a composite of death, relapse, andnew IS therapy), overall

survival (OS), or nonrelapsemortality (NRM). Among the prednisone-based approaches, ste-

roid dosewas,0.25 (9%), 0.25 to 0.74 (36%), 0.75 to 1.25 (42%), or.1.25mg/kg per day

(13%). Prednisone dosewithin the patients treatedwith steroidswas not significantly associ-

atedwith FFS, OS, orNRM.No significant interactionswere detected between overall cGVHD

severity and either initial therapy group or prednisone dose for the outcomes of FFS, OS, or

NRM. These observational data document heterogeneity inmore contemporary cGVHD ini-

tial treatment practices, including prednisone dose and use of nonsteroid approaches. This

variationwas not associatedwith FFS, OS, or NRM. Prospective trials are needed to verify

efficacy of reduced-dose prednisone or prednisone-free initial therapy approaches.

Introduction

Chronic graft-versus-host disease (cGVHD) is a common complication of allogeneic hematopoietic cell
transplantation (HCT)1 and is associated with increased risk of death, morbidity, impaired quality of life,
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Key Points

� Variation in initial
systemic therapy for
chronic graft-versus-
host disease includes
varied prednisone
dose and use of
nonsteroid agents.

� Prospective trials are
needed to verify
efficacy of reduced-
dose prednisone or
prednisone-free initial
therapy approaches.
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and prolonged immune suppressive (IS) therapy.2-7 Based on evi-
dence arising from prior clinical trials and practice recommenda-
tions, initial therapy for cGVHD remains prednisone (generally
starting at 1 mg/kg per day) with or without a calcineurin inhibitor.
Previous work has demonstrated that this approach fails to provide
durable control of cGVHD, as failure-free survival (FFS; a composite
failure end point including death, malignancy relapse, or additional
systemic IS therapy) after initial steroid therapy is 68% by 6 months
and 54% by 12 months.8 Failure of initial therapy is important,
because this is commonly followed by multiple lines of secondary
therapy with associated adverse outcomes.9,10

One major research question has been whether combination
approaches (prednisone plus other systemic IS agents) may provide
improved outcomes. Several large randomized trials of combination
therapy have been completed, yet none have demonstrated superi-
ority over prednisone alone.11-14 A more recent Blood and Marrow
Transplant Clinical Trials Network 0801 trial tested sirolimus/predni-
sone vs calcineurin inhibitor/sirolimus/prednisone15 and demon-
strated comparable treatment success across these 2 approaches
and improved quality of life in the 2-drug approach. This trial, pub-
lished in 2018, has provided a current benchmark for initial therapy.
Multiple novel approaches are being tested in smaller trials including
other agents, lower-dose prednisone, or even non–prednisone-
based therapy.

To date, no large survey of actual treatment practices has been con-
ducted, although individual management of cGVHD initial therapy is
anecdotally highly variable and may affect treatment response. The
selection of treatment type and intensity may vary according to
cGVHD features and severity and perceptions regarding individual
patients’ tolerance of certain therapies. To address this gap, we
gathered data from 3 prior national cGVHD Consortium observa-
tional studies to examine variation in initial cGVHD therapy and its
association with subsequent FFS.

Methods

Data sources

For the purpose of this analysis, data pertinent to patients starting
their initial therapy for cGVHD were aggregated from 3 separate
cGVHD Consortium studies (NCT00637689, NCT01902576, and
NCT01206309). It was approved by the Fred Hutchinson Cancer
Research Center Institutional Review Board. All patients signed
informed consent.

The first study was a prospective observational study entitled
“Improving Outcomes Assessment in Chronic GVHD.” A total of 9
centers enrolled 601 patients with cGVHD from 2007 to 2012 with
2 years of active follow-up, and then long-term data were collected
through a median of 5.4 years after enrollment. Incident cGVHD
cases (enrolled within 3 months of cGVHD diagnosis) were studied
at enrollment, 3 months, 6 months, and every 6 months thereafter.
Prevalent cases (.3 months from cGVHD diagnosis but within 3
years of HCT) from this parent study were excluded from our cur-
rent analysis of initial cGVHD therapy. Detailed information on
cGVHD staging, functional assessments, patient-reported out-
comes, medications (systemic and topical agents used for cGVHD
therapy), and research samples were collected. Medication data on
cGVHD treatment were captured from cGVHD diagnosis to the
end of study, including maximum dose of steroid therapy during the

interval since the last study visit. Otherwise, exact start/stop dates
and other medication doses were not captured.

The second study was a prospective observational study entitled
“Chronic GVHD Response Measures Validation.” A total of 12 cen-
ters enrolled 383 patients with chronic GVHD from 2013 to 2017
with 18 months of active follow-up and then long-term follow-up
data collection through chart review. Enrolled subjects were starting
a new systemic therapy for cGVHD (within a 4-week window of the
start date of the index agent). Assessments occurred at enrollment
and 3, 6, and 18 months and if a new systemic therapy was added
after enrollment. Similarly, information on cGVHD, functional assess-
ments, patient-reported outcomes, and medications (systemic and
topical agents used for cGVHD therapy), and research samples
were collected. Medication exposure was captured as a running log
of medications and treatments for cGVHD from cGVHD diagnosis
to end of study. Start and stop dates were captured for all agents,
and comprehensive dose information was captured for steroid
therapy.

The third study was a prospective observational study entitled
“Longitudinal Study of Immune Mediated Disorders after Allogeneic
HCT.” A total of 911 patients were enrolled from 13 total centers
between 2011 and 2014; 413 developed cGVHD. Patients were
enrolled before HCT or up to day 121 after HCT and followed pro-
spectively for the development of immune-mediated disorders:
cGVHD overall and cGVHD subtypes including bronchiolitis obliter-
ans, cutaneous sclerosis, or late acute GVHD. Assessments
occurred at baseline, day 100, day 180 or 365, and day 730; or if
they developed immune-mediated disorders, clinical data and sam-
ples were obtained at onset and then at 3 or 6 months later. The
intended study follow-up was 5 years for subjects with immune-
mediated disorders. IS medications were captured as a running log
from time of HCT through total study follow-up period. The indica-
tion for each (eg, initial prophylaxis, acute GVHD therapy, cGVHD
therapy) was captured, as well as start/stop dates. Dose information
was captured for steroid therapy. Patient-reported outcomes (PRO)
were not collected in this study. Given this incomplete PRO data,
we did not analyze PRO outcomes in this current analysis.

Therapy type definitions

We examined all IS therapies given throughout each patient’s his-
tory to fully characterize variation in treatment practices. The follow-
ing definitions for background, initial, and failure therapies were
developed for the purpose of this analysis. Background therapy was
defined as any systemic IS agent that the patient was taking when
they were diagnosed with cGVHD. These agents were identified
with a start date range from before HCT to cGVHD onset, with an
indication that was not cGVHD (included initial acute GVHD pro-
phylaxis, acute GVHD therapy, or other), and did not have a stop
date before cGVHD onset. Initial therapy was defined as first-line
systemic IS therapy akin to that in therapeutic cGVHD trials. It
included any systemic agent started 30 days before cGVHD diag-
nosis to any time afterward with an indication of cGVHD and
included any new systemic IS agent or therapy including steroids
newly started for cGVHD at any dose or steroids increased to $0.4
mg/kg per day from a lower dose that was started more than 30
days before cGVHD onset. The threshold of $0.4 mg/kg per day
from a lower dose was selected to capture a therapeutic intent to
escalate background steroid dose to nearly 0.5 mg/kg per day (with
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possible rounding for dose/weight considerations) or greater.
Changes in doses of other background medications (eg, tacroli-
mus) were not considered initial therapy, as detailed information
on doses of medications besides steroids was not captured.
Finally, failure therapy was defined as new systemic therapy to
treat inadequately responding, recurrent, or progressive cGVHD.
It was defined as having an indication of cGVHD and being
added $10 days after initial therapy, except that certain agents
(extracorporeal photopheresis [ECP], rituximab, ibrutinib, ruxoliti-
nib, sirolimus) were considered failure therapy if started $30
days after initial therapy, acknowledging that these agents may
have more prolonged time to approval and initiation compared
with others. Any systemic IS agent or therapy was eligible to be
considered a failure therapy, including steroids newly started at
any dose, whereas dose increases in prednisone from initial ther-
apy dose were not considered failure.

Therapy categories

All therapy approaches were initially summarized, revealing marked
heterogeneity in treatment practices. From this initial summary, ther-
apy subgroups were defined to bring together conceptually related
treatment approaches and to ensure sufficient sample sizes per treat-
ment group for analysis. The 3 initial groups included the following:
(a) prednisone only (or prednisone dose-equivalent), (b) prednisone
1 additional systemic IS agent(s), and (c) other systemic agent(s)
without prednisone. For the prednisone1 additional IS agents group,
the additional IS agents had to be newly started per the initial therapy
definition and did not meet the failure medication definition. Thus,
these were truly an intentional combined therapy bundle. Sole use of
topical agents was not considered in this analysis. For groups 2 and
3, additional subgroups were defined. For group 2, subgroups
included the following: (a) prednisone 6 calcineurin inhibitor (CNI),
(b) prednisone 1 sirolimus 6 CNI, (c) prednisone 1 mycophenolate
mofetil (MMF) or methotrexate (MTX) 6 CNI, (d) prednisone 1 ECP
6 CNI, (e) prednisone1 rituximab6 CNI6 other, and (f) prednisone
1 other/rare combinations. For group 3, subgroups included the fol-
lowing: (a) CNI only, (b) MMF or MTX 6 CNI without sirolimus, (c)
sirolimus 6 CNI without MMF, and (d) other/rare combinations 6

CNI. For all prednisone-containing approaches (groups 1 and 2
above), prednisone (or equivalent) doses were categorized to exam-
ine the impact of steroid dose on treatment outcome:,0.25, 0.25 to
0.74, 0.75 to 1.25, and .1.25 mg/kg per day dose, to bracket com-
mon doses of 0.5 and 1.0 mg/kg per day. The 3 parent consortium
observational studies informing this analysis did not capture whether
IS agents were given as part of a concurrent therapeutic clinical trial
vs off-protocol therapy.

Study outcome measures and statistical methods

Descriptive statistics were used to summarize baseline demographic
and cGVHD features, as well as proportions of subjects within the
studied treatment categories. Major outcomes of interest included
FFS (composite outcome including death, malignancy relapse, and
use of additional lines of systemic IS therapy), overall survival (OS),
and nonrelapse mortality. All outcomes were calculated from the
start time of initial therapy, and as such, only subjects with a defin-
able initial therapy were included. Cox regression models were used
to examine the association between the major outcomes and initial
therapy, as well as other potential risk factors first univariately, and
then factors found to be associated (P , .1) were combined into a

multivariate model. Factors considered included initial therapy, initial
therapy steroid dose, sex, study site, disease, conditioning regimen,
transplant source, donor age, donor match and relation, age at
cGVHD diagnosis, year of cGVHD diagnosis, time from transplant
to cGVHD, prior acute GVHD grade II to IV, overlap vs classic
cGVHD, cGVHD organ scores, overall National Institutes of Health
(NIH) severity score, Sorror comorbidity index, Karnofsky perfor-
mance status (KPS), platelets, and bilirubin. Statistical analyses
were performed using SAS/STAT software, version 9.4 (SAS Insti-
tute, Inc, Cary, NC).

Results

Patient characteristics

A total of 745 subjects were included in this analysis from 17 cen-
ters. Baseline patient, disease, HCT, and cGVHD features are pre-
sented in Table 1 with groups defined according to initial therapy.
Acute myeloid leukemia (AML) was the predominant HCT indication,
peripheral blood mobilized stem cells were most commonly used as
a graft source, and there was representation of expected variation in
conditioning regimen intensity and donor type. Acute GVHD prophy-
laxis was most commonly CNI-based (CNI/sirolimus, CNI/MMF, or
CNI/MTX), with limited representation of posttransplant
cyclophosphamide-based approaches. Prior grade II to IV acute
GVHD was present in 48% of cases. The median time from HCT to
cGVHD diagnosis was 7.5 months (interquartile range [IQR], 5.4-
11.2 months). Initial therapy was largely started within 1 week of
cGVHD diagnosis (71% of cases), whereas 19.7% of cases started
initial therapy . 30 days from cGVHD diagnosis.

Certain baseline features differed according to initial therapy group:
compared with the prednisone alone group, the nonprednisone
group had more myeloablative conditioning, mismatched donors,
prior acute GVHD, longer median time from HCT to cGVHD onset,
and longer time between cGVHD diagnosis and initial therapy (P ,

.05 for each). The prednisone 1 other IS therapy group had more
severe skin, gastrointestinal, and eye cGVHD involvement and more
severe cGVHD overall (P , .001 for each).

Background therapy (Table 2) was most commonly nonsteroid
agents (N 5 330, 44.3% of total), predominated by CNI alone (N
5 235), sirolimus 6 CNI (N 5 50), and MMF or MTX 6 CNI (N 5

24), whereas other agents were less common. No background ther-
apy was the second most common category (N 5 247, 33.2%).
Other background therapy categories included prednisone 1 other
agents (N 5 125, 16.8% of total), followed by predominance of
prednisone 1 CNI (N 5 77) or prednisone 1 MMF or MTX 6 CNI
(N 5 23), whereas other subcategories were less common. Predni-
sone alone was present in N 5 40 (5.4% of total), and topical
agents only were present in N 5 3 (0.4% of total).

Variation in treatment practices

Detailed description of initial therapy is provided in Table 3, showing
extensive heterogeneity in practice. About half of the subjects were
treated with prednisone alone (n 5 411, 55%), whereas a quarter
received prednisone 1 other IS agent(s) (n 5 197, 26%), and
almost 1 in 5 received nonprednisone IS therapy (n 5 137, 18%).
Common agents to combine with prednisone were sirolimus 6 CNI
(N 5 66, 33.5%), CNI alone (N 5 63, 32%), MMF or MTX 6 CNI
(N 5 30, 15%), rituximab 6 CNI (N 5 17, 8.6%), ECP 6 CNI (N
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Table 1. Baseline characteristics organized according to initial therapy treatment group

Variables Total (N 5 745) Nonprednisone (N 5 137) Prednisone only (N 5 411)

Prednisone 1 other

agent(s) (N 5 197) P*

Age at cGVHD (y),
median (IQR)

53.2 (41.4-61.3) 52.9 (40.9-61.0) 53.2 (40.9-61.0) 55.0 (43.0-62.0) .28

Sex .99

Female 298 (40.0%) 54 (39.4%) 165 (40.1%) 79 (40.1%)

Male 447 (60.0%) 83 (60.6%) 246 (59.9%) 118 (59.9%)

Diagnosisat transplant .47

AML/ALL 348 (46.7%) 68 (49.6%) 184 (44.8%) 96 (48.7%)

CML/CLL 77 (10.3%) 14 (10.2%) 45 (11.0%) 18 (9.1%)

MDS/MPD 134 (18.0%) 28 (20.4%) 68 (16.6%) 38 (19.3%)

NHL/HD 109 (14.6%) 12 (8.8%) 69 (16.8%) 28 (14.2%)

Other 77 (10.3%) 15 (11.0%) 45 (11.0%) 17 (8.6%)

Myeloablative 352 (47.3%) 79 (58.1%) 189 (46.0%) 84 (42.6%) .015

Graft source .10

Peripheral blood 659 (88.5%) 116 (84.7%) 361 (87.8%) 182 (92.4%)

Bone marrow 50 (6.7%) 15 (10.9%) 26 (6.3%) 9 (4.6%)

Cord blood 36 (4.8%) 6 (4.4%) 24 (5.8%) 6 (3.0%)

HLA matching 0.01

Mismatched donor 116 (15.6%) 30 (21.9%) 66 (16.1%) 20 (10.2%)

Matched donor 629 (84.4%) 107 (78.1%) 345 (83.9%) 177 (89.8%)

Donor type (related) .49

Unrelated donor 445 (59.7%) 88 (64.2%) 241 (58.6%) 116 (58.9%)

Related donor 300 (40.3%) 49 (35.8%) 170 (41.4%) 81 (41.1%)

Site ,.001

Fred Hutchinson
Cancer Research
Center

302 (40.5%) 66 (48.2%) 130 (31.6% 106 (53.8%)

University of Minnesota 91 (12.2%) 8 (5.8%) 55 (13.4%) 28 (14.2%)

Dana-Farber Cancer
Institute

92 (12.4%) 4 (2.9%) 77 (18.7%) 11 (5.6%)

Stanford University 62 (8.3%) 8 (5.8%) 47 (11.4%) 7 (3.6%)

Vanderbilt University 70 (9.4%) 9 (6.6%) 46 (11.2%) 15 (7.6%)

H. Lee Moffitt Cancer
Center

36 (4.8%) 21 (15.3%) 10 (2.4%) 5 (2.5%)

Other† 92 (12.4%) 21 (15.3% 46 (11.2%) 25 (12.7%)

GVHD prophylaxis .01

Cyclosporine/MMF-
based

215 (29.1%) 38 (27.9%) 111 (27.3%) 66 (33.8%)

Posttransplant
cyclophosphamide-
based

11 (1.5%) 2 (1.5%) 9 (2.2%) 0 (0.0%)

Cyclosporine-Tac/MTX-
based

331 (44.9%) 67 (49.3%) 175 (43.0%) 89 (45.6%)

Cyclosporine-Tac/
sirolimus-based

97 (13.1%) 18 (13.2%) 66 (16.2%) 13 (6.7%)

Tacrolimus/MMF-based 47 (6.4%) 5 (3.7%) 23 (5.7%) 19 (9.7%)

Other (single agent, or
rare)

37 (5.0%) 6 (4.4%) 23 (5.7%) 8 (4.1%)

Missing (N 5 7) (N 5 1) (N 5 4) (N 5 2)

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CML, chronic myelogenous leukemia; HD, Hodgkin lymphoma; MDS, myelodysplastic syndrome; MPD,
myeloproliferative neoplasm; NHL, non Hodgkin lymphoma.
*Based on the x2 test/Fisher’s exact test for categorical variables and the Kruskal-Wallis test for medians of continuous variables.
ALL, acute lymphoblastic leukemia; CLL, chronic lymphocytic leukemia; CML, chronic myelogenous leukemia; HD - Hodgkin lymphoma; MDS, myelodysplastic syndrome; MPD, myelo-

proliferative neoplasm; NHL, non Hodgkin lymphoma.
†Other sites contributing ,25 patients include Roswell Park Cancer Institute, Cleveland Clinic, University of British Columbia, Duke University, MD Anderson, NW Children’s, Medical

College of Wisconsin, Washington University, Memorial Sloan-Kettering, University of North Carolina, and Weill Cornell Medical College.
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Table 1. (continued)

Variables Total (N 5 745) Nonprednisone (N 5 137) Prednisone only (N 5 411)

Prednisone 1 other

agent(s) (N 5 197) P*

Year chronic GVHD

diagnosis

.45

2007-2011 325 (43.6%) 64 (46.7%) 182 (44.3%) 79 (40.1%)

2012-2017 420 (56.4%) 73 (53.3%) 229 (55.7%) 118 (59.9%)

Months from HCT to

chronic GVHD,

median (IQR)

7.5 (5.4-11.2) 9.1 (5.5-13.0) 6.9 (5.2-9.8) 8.2 (6.2-11.9) ,.001

N 744 137 410 197

Time between chronic

GVHD and initial

treatment

,.001

#1 wk 530 (71.1%) 60 (43.8%) 318 (77.4%) 152 (77.2%)

.1-2 wk 31 (4.2%) 5 (3.6%) 17 (4.1%) 9 (4.6%)

.2 wk-#30 d 37 (5.0%) 5 (3.6%) 21 (5.1%) 11 (5.6%)

.30 d 147 (19.7%) 67 (48.9%) 55 (13.4%) 25 (12.7%)

Acute GVHD grade II-IV 357 (48.4%) 87 (64.4%) 166 (40.9%) 104 (53.1%) ,.001

Missing (N 5 8) (N 5 2) (N 5 5) (N 5 1)

Karnofsky performance

status at onset,

median (IQR)

90.0 (80.0-90.0) 90.0 (80.0-90.0) 90.0 (80.0-90.0) 80.0 (70.0-90.0) .30

N 570 115 310 145

Platelet count at onset,

3109/L, median

(IQR)

170.0 (118.0-229.5) 160.0 (115.0-210.0) 172.0 (121.0-228.0) 172.5 (113.0-241.0) .54

N 728 133 401 194

Bilirubin at onset,

median (IQR)

0.5 (0.4-0.8) 0.5 (0.4-0.7) 0.5 (0.4-0.8) 0.6 (0.4-0.9) .01

N 716 134 394 188

Skin

0-1 445 (61.0%) 84 (61.3%) 256 (64.6%) 105 (53.6%) .03

2-3 284 (39.0%) 53 (38.7%) 140 (35.4%) 91 (46.4%)

Missing (N 5 16) (N 5 0) (N 5 15) (N 5 1)

Mouth

0-1 616 (84.0%) 117 (85.4%) 336 (84.2%) 163 (82.7%) .80

2-3 117 (16.0%) 20 (14.6%) 63 (15.8%) 34 (17.3%)

Missing (N 5 12) (N 5 0) (N 5 12) (N 5 0)

Gastrointestinal

0-1 650 (89.0%) 125 (91.9%) 362 (91.0%) 163 (83.2%) .008

2-3 80 (11.0%) 11 (8.1%) 36 (9.0%) 33 (16.8%)

Missing (N 5 15) (N 5 1) (N 5 13) (N 5 1)

Eye

0-1 648 (89.9%) 128 (94.1%) 357 (90.8%) 163 (84.9%) .02

2-3 73 (10.1%) 8 (5.9%) 36 (9.2%) 29 (15.1%)

Missing (N 5 24) (N 5 1) (N 5 18) (N 5 5)

Joint

0-1 669 (94.5%) 129 (95.6%) 362 (95.5%) 178 (91.8%) .15

2-3 39 (5.5%) 6 (4.4%) 17 (4.5%) 16 (8.2%)

Missing (N 5 37) (N 5 2) (N 5 32) (N 5 3)

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CML, chronic myelogenous leukemia; HD, Hodgkin lymphoma; MDS, myelodysplastic syndrome; MPD,
myeloproliferative neoplasm; NHL, non Hodgkin lymphoma.
*Based on the x2 test/Fisher’s exact test for categorical variables and the Kruskal-Wallis test for medians of continuous variables.
ALL, acute lymphoblastic leukemia; CLL, chronic lymphocytic leukemia; CML, chronic myelogenous leukemia; HD - Hodgkin lymphoma; MDS, myelodysplastic syndrome; MPD, myelo-

proliferative neoplasm; NHL, non Hodgkin lymphoma.
†Other sites contributing ,25 patients include Roswell Park Cancer Institute, Cleveland Clinic, University of British Columbia, Duke University, MD Anderson, NW Children’s, Medical

College of Wisconsin, Washington University, Memorial Sloan-Kettering, University of North Carolina, and Weill Cornell Medical College.
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5 11, 5.6%), and other rare agents (N 5 10, 5%). Among the com-
bined prednisone alone group and prednisone 1 other agents
group, steroid dose was ,0.25 (9%), 0.25 to 0.74 (36%), 0.75 to
1.25 (42%), or .1.25 mg/kg per day (13%). Among those receiv-
ing prednisone alone, dose differed according to overall cGVHD
severity, with higher-dose therapy overrepresented in more severe
cGVHD (Table 4).

Treatment outcomes

With a median follow-up time for surviving patients of 56.5 months,
FFS at 6 and 12 months, respectively, was 69% and 53%.We found
no evidence that the initial therapy group (prednisone alone, predni-
sone 1 other agents, nonprednisone) had a significant association
with subsequent FFS, OS, or incidence of second-line systemic

Table 1. (continued)

Variables Total (N 5 745) Nonprednisone (N 5 137) Prednisone only (N 5 411)

Prednisone 1 other

agent(s) (N 5 197) P*

Genital

0-1 556 (97.0%) 117 (97.5%) 286 (98.3%) 153 (94.4%) .08

2-3 17 (3.0%) 3 (2.5%) 5 (1.7%) 9 (5.6%)

Missing (N 5 172) (N 5 17) (N 5 120) (N 5 35)

Lung

0-1 686 (95.2%) 128 (94.1%) 373 (95.2%) 185 (95.8%) .86

2 24 (3.3%) 5 (3.7%) 14 (3.6%) 5 (2.6%)

3 11 (1.5%) 3 (2.2%) 5 (1.3%) 3 (1.6%)

Missing (N 5 24) (N 5 1) (N 5 19) (N 5 4)

Liver

0-1 598 (82.3%) 122 (90.4%) 324 (81.0%) 152 (79.2%) .02

2-3 129 (17.7%) 13 (9.6%) 76 (19.0%) 40 (20.8%)

Missing (N 5 18) (N 5 2) (N 5 11) (N 5 5)

Chronic GVHD severity ,.001

Less than mild 21 (2.8%) 1 (0.7%) 18 (4.4%) 2 (1.0%)

Mild 141 (19.1%) 38 (27.7%) 79 (19.5%) 24 (12.2%)

Moderate 373 (50.5%) 67 (48.9%) 210 (51.9%) 96 (48.7%)

Severe 204 (27.6%) 31 (22.6%) 98 (24.2%) 75 (38.1%)

Missing (N 5 6) (N 5 0) (N 5 6) (N 5 0)

Chronic GVHD type .29

Classic 229 (31.0%) 40 (29.2%) 135 (33.4%) 54 (27.4%)

Overlap 509 (69.0%) 97 (70.8%) 269 (66.6%) 143 (72.6%)

Missing (N 5 7) (N 5 0) (N 5 7) (N 5 0)

Sorror comorbidity

index

.25

0 134 (19.7%) 18 (13.4%) 79 (22.1%) 37 (19.6%)

1,2 194 (28.5%) 42 (31.3%) 104 (29.0%) 48 (25.4%)

3,4 187 (27.5%) 44 (32.8%) 91 (25.4%) 52 (27.5%)

51 166 (24.4%) 30 (22.4%) 84 (23.5%) 52 (27.5%)

Missing (N 5 64) (N 5 3) (N 5 53) N 5 8)

Relapse after enrollment 119 (16.0%) 22 (16.1%) 76 (18.5%) 21 (10.7%) .05

Died 250 (33.6%) 42 (30.7%) 146 (35.5%) 62 (31.5%) .45

Initial therapy

prednisone (mg/kg

per day), median

(IQR)

0.8 (0.5-1.0) NA 0.8 (0.5-1.0) 0.9 (0.5-1.1) ,.001

N 573 NA 385 188

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CML, chronic myelogenous leukemia; HD, Hodgkin lymphoma; MDS, myelodysplastic syndrome; MPD,
myeloproliferative neoplasm; NHL, non Hodgkin lymphoma.
*Based on the x2 test/Fisher’s exact test for categorical variables and the Kruskal-Wallis test for medians of continuous variables.
ALL, acute lymphoblastic leukemia; CLL, chronic lymphocytic leukemia; CML, chronic myelogenous leukemia; HD - Hodgkin lymphoma; MDS, myelodysplastic syndrome; MPD,

myeloproliferative neoplasm; NHL, non Hodgkin lymphoma.
†Other sites contributing ,25 patients include Roswell Park Cancer Institute, Cleveland Clinic, University of British Columbia, Duke University, MD Anderson, NW Children’s, Medical

College of Wisconsin, Washington University, Memorial Sloan-Kettering, University of North Carolina, and Weill Cornell Medical College.
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therapy (Figure 1; Table 5). There was no evidence that the trajectory
of treatment failure differed between these initial therapy groups. Sim-
ilarly (data not shown), there was no association between the initial
therapy group and nonrelapse mortality. No statistical interactions

were observed between the initial therapy group and NIH overall
severity, as well as between prednisone dose and NIH overall sever-
ity. FFS according to initial therapy group and prednisone dose cate-
gory are presented in supplemental Figures 1 and 2, respectively.
Patients treated with initial therapy at a later time point from cGVHD
onset had longer FFS (hazard ratio [HR], 0.74; 95% confidence inter-
val [CI], 0.59-0.93; P 5 .01). Failure medications used were most
commonly nonprednisone agents used after steroid failure (Table 6).

Discussion

This large, nationally representative cGVHD Consortium analysis
provides new insight into key questions regarding treatment variation
and its impact on subsequent outcome and highlights opportunities
for future trials testing novel approaches in cGVHD initial therapy.

In keeping with expectations based on standards in the field and prior
clinical trials, most cases had prednisone-based initial therapy, whereas
only 18% had non–steroid-based initial therapy. As well, in keeping
with 78% of the studied population having NIH moderate/severe
cGVHD, most cases started initial therapy early after diagnosis. The
major new insights, however, were that both initial steroid dose and
use of combination therapies varied extensively. For example, among all
treated with any steroid-based initial therapy, 45% were treated at
doses less than 0.75 mg/kg per day, suggesting that a range of 0.5 to
1.0 mg/kg per day is the standard and not 1 mg/kg per day. Higher-
dose steroid therapy was associated with higher NIH overall cGVHD
severity, as anticipated.We acknowledge that we can only characterize
these initial therapy group patients through the variables we have col-
lected and that certain factors unaccounted formay have driven the var-
ied selection of initial therapy types and intensity for given patients.

Although no randomized study has shown that combination therapy is
superior to prednisone alone, 26% received prednisone plus other
agents for initial therapy. The most common were prednisone 1 CNI,
prednisone 1 sirolimus 6 CNI, or prednisone 1 MMF 6 CNI,
although data for these approaches are mixed.13,15,16 Less common
approaches were particularly diverse; numerous agents paired with
prednisone (ECP, anti-CD20 antibodies including rituximab or ofatu-
mumab, hydroxychloroquine, bortezomib, entospletinib, abatacept, and
tocilizumab), some of which may have been delivered on clinical trials

Table 2. Summary of background medications active at time of

chronic GVHD diagnosis

Background therapy N Percentage(of 745)

None/not definable 247 33.2%

Nonprednisone

CNI only 235 31.5%

Tacrolimus 151 20.2%

Cyclosporine 84 11.2%

MMF or MTX 6 CNI without sirolimus 24 3.2%

MMF-based 23 3.1%

MTX-based 1 0.1%

Sirolimus 6 CNI without MMF 50 6.7%

Other/rare combinations 6 CNI 21 2.8%

Imatinib, nilotinib, dasatinib 8 1.0%

Sirolimus, lenalidomide, cyclosporine 1 0.1%

Velcade, cyclosporine 1 0.1%

MMF, sirolimus 1 0.1%

Rituximab 1 0.1%

ECP, tacrolimus 1 0.1%

MMF, sirolimus, tacrolimus 3 0.4%

MTX, tacrolimus 1 0.1%

Prednisone only 40 5.4%

Prednisone 1 other agent(s)

Prednisone 6 CNI 77 10.3%

Prednisone, cyclosporine 25 3.4%

Prednisone, cyclosporine, tacrolimus 2 0.3%

Prednisone, tacrolimus 50 6.7%

Prednisone 1 sirolimus 6 CNI 9 1.2%

Prednisone 1 MMF or MTX 6 CNI 23 3.1%

Prednisone, MMF, cyclosporine 11 1.5%

Prednisone, MMF 7 0.9%

Prednisone, MMF, tacrolimus 4 0.5%

Prednisone, MTX, MMF, tacrolimus 1 0.1%

Prednisone 1 ECP 6 CNI 8 1.1%

Prednisone, ECP, cyclosporine 1 0.1%

Prednisone, ECP, sirolimus 1 0.1%

Prednisone, ECP, tacrolimus 4 0.5%

Prednisone, ECP, MMF, tacrolimus 2 0.3%

Prednisone 1 other combinations 8 1.1%

Prednisone, cyclosporine, imatinib 2 0.3%

Prednisone, imatinib 1 0.1%

Prednisone, MMF, sirolimus 3 0.4%

Prednisone, tacrolimus, dasatinib 1 0.1%

Prednisone, tacrolimus, MMF, sirolimus 1 0.1%

Topical only 3 0.4%

Montelukast 3 0.4%

Table 3. Variation in initial chronic GVHD therapy

Initial chronic GVHD therapy N (%)

Prednisone only 411 (55.2%)

Prednisone 1 other agent(s) 197 (26.4%)

Prednisone 6 CNI 63 (8.5%)

Prednisone 1 sirolimus 6 CNI 66 (8.9%)

Prednisone 1 MMF or MTX 6 CNI 30 (4.0%)

Prednisone 1 ECP 6 CNI 11 (1.5%)

Prednisone 1 rituximab 6 CNI 6 other 17 (2.3%)

Prednisone 1 other/rare 10 (1.3%)

Nonprednisone 137 (18.4%)

CNI only 44 (5.9%)

MMF or MTX 6 CNI without sirolimus 20 (2.7%)

Sirolimus 6 CNI without MMF 28 (3.8%)

Other/rare combinations 6 CNI 45 (6.0%)
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Table 4. Initial therapy steroid dose according to NIH cGVHD severity

NIH stage

Initial steroid dose (mg/kg per day)

Total (N 5 382),0.25 (N 5 41) 0.25 to ,0.75 (N 5 146) 0.75 to ,1.25 (N 5 150) .1.25 (N 5 45)

Initial therapy: prednisone

Less than mild/mild 16 41 29 6 92

17% 45% 32% 7%

Moderate 20 80 75 23 198

10% 40% 38% 12%

Severe 5 25 46 16 92

5% 27% 50% 17%

Initial therapy: prednisone 1 other

Less than mild/mild 2 8 12 3 25

8% 32% 48% 12%

Moderate 6 27 38 18 89

7% 30% 43% 20%

Severe 1 20 42 11 74

1% 27% 57% 15%

Prednisone, P 5 .004; prednisone 1 other, P 5 .37.
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Figure 1. Treatment outcome according to initial cGVHD therapy group. (A) FFS. (B) OS. (C) Cumulative incidence of second-line therapy.
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concurrent with enrollment on the Consortium observational studies
that informed this analysis. Variation was also seen within the nonpred-
nisone initial therapy group, where different single- or multiple-agent
approaches were used. Most commonly, this included agents from the
other/rare 6 CNI group (with greatest representation of ECP, rituxi-
mab, and imatinib) or use of CNI alone, sirolimus, or MMF. These
non–steroid-based approaches met our initial therapy definition,
because they were the first systemic agent added for cGVHD within
our defined initial therapy window.

Beyond characterizing variation in treatment practices, this analysis
suggests that marked variation in both initial therapy group and predni-
sone dose among prednisone-containing treatment regimens did not
significantly impact FFS, OS, or use of second-line agents. Similar
conclusions were reached when examining effect of therapy type and

prednisone dose within NIH overall severity categories. Overall, both
the magnitude of failure and time to failure did not appear to differ
according to these factors, and there was no evidence of different
mortality risk according to these factors. These observational data sug-
gest that treating clinicians were trying to integrate cGVHD- and
patient-level considerations to select initial therapy, and the result was
that outcomes were comparable both to other groups within this analy-
sis and current benchmarks for expected FFS after initial cGVHD ther-
apy. These data are hypothesis-generating only, however, and require
confirmation in well-designed prospective clinical trials. One major
area of focus in clinical trials could be the safety and efficacy of lower
initial prednisone dose in initial therapy of cGVHD. Careful deliberation
will need to go into assembly of eligibility criteria for such trials focused
on lower-dose prednisone therapy. Another approach of interest is the
use of nonprednisone systemic IS therapy for cGVHD initial therapy.

Table 5. Association of chronic GVHD initial therapy and FFS

Factor

Univariate Multivariate

HR (95% CI) P Global P HR (95% CI) P Global P

Initial therapy group 0.09 .22

Prednisone only Reference Reference

Nonprednisone 0.95 (0.75, 1.20) .66 0.97 (0.75, 1.24) .78

Prednisone 1 other agent(s) 0.80 (0.65, 0.98) .03 0.82 (0.65, 1.03) .09

Platelets $ 100 (onset) 0.81 (0.65, 1.01) .06 0.78 (0.61, 0.99) .04

Gastrointestinal .04 .04

Not involved Reference Reference

Mild 1.30 (1.06, 1.60) .01 1.31 (1.06, 1.63) .01

Moderate/severe 1.13 (0.86, 1.50) .38 0.98 (0.72, 1.33) .89

Eye .02 .02

Not involved Reference Reference

Mild 0.79 (0.65, 0.96) .02 0.79 (0.64, 0.96) .02

Moderate/severe 0.72 (0.54, 0.98) .04 0.69 (0.50, 0.96) .03

Lung .07 .29

Not involved Reference Reference

Mild 1.13 (0.89, 1.44) .31 1.20 (0.92, 1.55) .18

Moderate/severe 1.52 (1.04, 2.21) .03 1.22 (0.80, 1.86) .35

NIH stage .10 .07

Less than mild/mild Reference Reference

Moderate 1.08 (0.86, 1.36) .49 1.13 (0.87, 1.47) .35

Severe 1.29 (1.00, 1.65) .05 1.39 (1.04, 1.87) .03

Site .07

FHCRC Reference .02 Reference

Dana Farber Cancer Institute 1.30 (0.98, 1.72) .06 1.30 (0.94, 1.79) .11

Moffitt Cancer Center 1.27 (0.85, 1.90) .24 1.13 (0.73, 1.76) .58

Stanford University 1.06 (0.77, 1.44) .73 1.16 (0.83, 1.62) .38

University of Minnesota 0.98 (0.73, 1.31) .88 0.94 (0.68, 1.28) .68

Vanderbilt University 0.99 (0.72, 1.36) .95 0.93 (0.66, 1.30) .67

Other* 1.60 (1.22, 2.11) .001 1.55 (1.15, 2.10) .004

Year chronic GVHD . 2012 1.17 (0.98, 1.40) .08 1.18 (0.97, 1.43) .09

Other factors investigated but not found to be related to FFS include initial steroid dose, age at cGVHD diagnosis, sex, disease, myeloablative conditioning, transplant source, donor
age, match type and relation, time from transplant to chronic diagnosis, prior acute GVHD, KPS at cGVHD onset, bilirubin at cGVHD onset, organ scores for skin, mouth, joint, genital,
and liver, and cGVHD overlap vs acute.
*Includes Roswell Park Cancer Institute, Cleveland Clinic, University of British Columbia, Duke University, MD Anderson, NW Children’s, Medical College of Wisconsin, Washington

University, MSK, Mayo Clinic, UNC, and Weill Cornell Medical College.
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On this point, our observational data do not provide robust guidance
given there were approximately 20 to 40 total cases per each agent in
the nonprednisone initial therapy group, limiting conclusions that could
be drawn regarding differential outcome per agent and according to
background medications. In addition, novel agents were not repre-
sented in this study population.

We note the following limitations of this analysis: First, despite the
national Consortium-based approach and large study population ana-
lyzed, we acknowledge that our coverage of diverse practices is not
complete and that additional variation likely exists. Second, we did not
address the impact of background therapies or model cumulative ste-
roid dose exposure in our analyses. Next, within this analysis, nonpred-
nisone initial therapy approaches were relatively limited in total
regarding the overall study population but also had limited representa-
tion in certain cGVHD subgroups such as severe skin or lung involve-
ment. Another limitation is that we did not directly capture the medical
decision making behind treatment heterogeneity, instead having to
infer based on chronic GVHD characteristics. Our observations of
similar outcomes between treatment groups are consistent with either
initial treatment regimen and steroid dose not mattering or that clini-
cians are fairly good at estimating the intensity of treatment needed.
Finally, although FFS and OS did not differ according to initial therapy

group or prednisone dose, other important outcomes such as chronic
GVHD symptom burden, disability, and quality of life were not studied
in this analysis. Whether lower-dose prednisone initial approaches (or
non–steroid-based approaches) can achieve similar treatment
response while also decreasing prednisone-associated morbidity
remains to be fully examined in future clinical trials.
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Table 6. Failure medications used after initial therapy

Failure medication* Total (N 5 358) Nonprednisone (N 5 59) Prednisone only (N 5 209) Prednisone 1 other agent(s) (N 5 90)

Sirolimus 79 (19%) 8 (14%) 47 (22%) 24 (27%)

Prednisone 74 (18%) 30 (51%) 28 (13%) 16 (18%)

MMF 55 (13%) 3 (5.1%) 38 (18%) 14 (16%)

ECP 36 (8.6%) 5 (8.5%) 21 (10%) 10 (11%)

Rituximab 35 (8.4%) 5 (8.5%) 22 (11%) 8 (8.9%)

Tacrolimus 33 (7.9%) 4 (6.8%) 21 (10%) 8 (8.9%)

Cyclosporine 21 (5.0%) 2 (3.4%) 18 (8.6%) 1 (1.1%)

MTX 21 (5.0%) 2 (3.4%) 12 (5.7%) 7 (7.8%)

Imatinib 15 (3.6%) 5 (8.5%) 8 (3.8%) 2 (2.2%)

Methylprednisolone 9 (2.2%) 1 (1.7%) 4 (1.9%) 4 (4.4%)

Interleukin-2 7 (1.7%) 4 (1.9%) 3 (3.3%)

Hydroxychloroquine 4 (1.0%) 1 (1.7%) 1 (0.5%) 2 (2.2%)

Jakafi 4 (1.0%) 2 (3.4%) 2 (1.0%)

Ibrutinib 3 (0.7%) 1 (1.7%) 1 (0.5%) 1 (1.1%)

Nilotinib 3 (0.7%) 3 (1.4%)

Velcade 3 (0.7%) 2 (1.0%) 1 (1.1%)

Alemtuzumab 2 (0.5%) 2 (1.0%)

Infliximab 2 (0.5%) 2 (2.2%)

KD025 2 (0.5%) 2 (1.0%)

Lenalidomide 2 (0.5%) 1 (0.5%) 1 (1.1%)

Tocilizumab 2 (0.5%) 2 (2.2%)

Other IST 1 (0.2%) 1 (0.5%)

ATG 1 (0.2%) 1 (0.5%)

Azathioprine 1 (0.2%) 1 (1.1%)

Dasatinib 1 (0.2%) 1 (0.5%)

Ofatumumab 1 (0.2%) 1 (1.1%)

Pentostatin 1 (0.2%) 1 (1.1%)

*Those with multiple medications as their failure therapy are included for each individual medication.
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