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Introduction

Successful treatment of malignant diseases by allogeneic
hematopoietic cell transplantation (HCT) depends on effective
management of acute graft-versus-host disease (GvHD), an
inflammatory syndrome initiated by alloreactive donor T
cells.1-3 Acute GvHD develops in 40%-80% of HCT recipients
despite prophylaxis with immunosuppressive medications,
and systemic glucocorticoids are typically administered as first-
line treatment.4,5 After systemic glucocorticoids control GvHD
manifestations, treatment can eventually be withdrawn in
most patients. Patients with persistent or recurrent GvHD
symptoms despite glucocorticoid treatment, however, have
increased risks of morbidity and mortality related to uncon-
trolled GvHD, prolonged glucocorticoid exposure, and infec-
tions.6,7

Prospective randomized studies have not shown a demon-
strable benefit for treatment of acute GvHD with prednisone at
doses higher than 2 mg/kg/day.8 Studies aimed at identifying
the minimally effective yet safe initial glucocorticoid dose,
however, have never been performed. While one school of
thought advocates that all patients with newly diagnosed acute
GvHD should be treated with a prednisone-equivalent dose of
at least 2 mg/kg/day to prevent progression to more severe
GvHD, another school of thought asserts that lower doses of
glucocorticoids can effectively control most presentations of
GvHD without exposing patients to the risks of more intense
and prolonged immunosuppression.9-11 The latter notion was

corroborated in a large retrospective analysis in which initial
treatment with lower dose prednisone (1 mg/kg/day) of
patients with grades I-II acute GvHD did not compromise dis-
ease control or survival, and was associated with a reduced risk
of invasive fungal infections.9 Conclusions regarding patients
who presented with more severe GvHD manifestations were
limited by the small sample size and the retrospective nature of
the study.
In the current prospective, randomized study, we hypothe-

sized that a 50% decrease in the initial dose of prednisone for
treatment of acute GvHD, followed by tapering at physician
discretion depending on response and side-effects, would suf-
fice to control GvHD with a lower cumulative steroid dose
over time. We anticipated that lower initial steroid doses
would not increase the incidence of secondary treatment. We
also anticipated that a lower steroid exposure over time would
yield clinical benefit by decreasing steroid-related toxicity.

Methods

Study design and patients
Patients who received allogeneic HCT at the Fred Hutchinson

Cancer Research Center between April 2009 and May 2013 and who,
in the opinion of the treating physician, required systemic immuno-
suppressive therapy for newly diagnosed acute GvHD were eligible
for this phase III trial. The study was approved by the Institutional
Review Board (IRB) and all participating patients signed IRB-approved
consent forms. Patients were excluded if they had hallmarks of chronic

©2015 Ferrata Storti Foundation. This is an open-access paper. doi:10.3324/haematol.2014.118471
The online version of this article has a Supplementary Appendix.
Manuscript received on October 6, 2014. Manuscript accepted on February 10, 2015.
Correspondence: mmielcar@fhcrc.org

We conducted a phase III study to test the hypothesis that initial therapy with “lower dose” prednisone is effective
and safe for patients with newly diagnosed acute graft-versus-host disease. We hypothesized that a 50% decrease
in the initial dose of prednisone for treatment of acute graft-versus-host disease would suffice to control graft-ver-
sus-host disease without increasing the incidence of secondary treatment. Patients with grade IIa manifestations
(upper gastrointestinal symptoms, stool volumes <1.0 L/day, rash involving <50% of the body surface, no hepatic
dysfunction; n=102) were randomized to start treatment with prednisone at 1 mg/kg/day or 0.5 mg/kg/day. Those
with grade IIb or higher manifestations (rash involving ≥50% of the body surface, stool volumes ≥1.0 L/day or
hepatic involvement; n=62) were randomized to start treatment with prednisone at 2 mg/kg/day or 1 mg/kg/day.
The primary study end point (a ≥33% relative reduction of the mean cumulative prednisone dose by day 42 after
initial treatment with lower dose prednisone) was not reached. With a median follow up of 36 months (range 7–
53), initial treatment with lower dose prednisone appeared to be effective for patients presenting with grade IIa
manifestations since it did not increase the likelihood of requiring secondary immunosuppressive therapy. Further
exploratory analyses suggested that for patients presenting with skin-predominant grade IIb or higher manifesta-
tions, initial treatment with lower dose prednisone was associated with an increased risk of requiring secondary
immunosuppressive therapy (41% vs. 7%; P=0.001). In summary, initial treatment of newly diagnosed acute graft-
versus-host disease with lower dose prednisone is effective. Within the statistical limitations of the study, results
showed no suggestion that initial use of lower dose prednisone adversely affected survival.
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GvHD, had developed acute GvHD after donor lymphocyte infu-
sion, had received prior systemic immunosuppressive therapy for
acute GvHD, or had contraindications to standard-dose pred-
nisone, such as uncontrolled infections or recent diagnoses of
recurrent malignancy. The characteristics of patients, donors and
transplant regimens are summarized in Table 1. Details regarding
preparative regimens and post-transplant immunosuppressive reg-
imens are provided in the Online Supplementary Appendix. 

Stratification and randomization
Acute GvHD was diagnosed and graded according to estab-

lished criteria1,12 and patients were stratified into cohorts A and B
according to severity of GvHD at symptom onset.
Cohort A: upper gastrointestinal symptoms of anorexia, nausea,

vomiting attributed to acute GvHD, with stool volumes <1 L/day,
rash involving <50% of the body surface, and no hepatic dysfunc-
tion.
Cohort B: rash involving ≥50% of the body surface, stool vol-

umes ≥1 L/day or hepatic involvement with total serum bilirubin
> 2 mg/dL.
Biopsy confirmation of the diagnosis was encouraged but not

required. Patients with grade IIa manifestations11 (cohort A) were

Table 1. Patients’ and transplant characteristics.
Grade of acute GvHD at onset Cohort A Cohort B 
Initial prednisone dose IIa IIb-IV

0.5 mg/kg/d 1.0 mg/kg/d 1.0 mg/kg/d 2.0 mg/kg/d

N 49 53 30 30
Patient age, median years (range) 50 (6-75) 48 (6-70) 51 (1-65) 43 (2-74)
Age <20 years, n (%) 9 (18) 9 (17) 1 (3) 4 (13)
Age <10 years, n (%) 2 (4) 4 (8) 1 (3) 2 (7)
Patient sex, female (%) 23 (47) 19 (36) 10 (33) 10 (33)
Donor type, n (%)
HLA-identical related 16 (33) 24 (45) 6 (20) 4 (13)
HLA-matched unrelated 22 (45) 21 (40) 17 (57) 15 (50)
HLA-mismatched 11 (22) 8 (15) 7 (23) 11 (37)
Stem cell source, n 
Peripheral blood 33 (67) 39 (74) 27 (90) 20 (67)
Bone marrow 10 (20) 11 (21) 1 (3) 3 (10)
Umbilical cord blood 6 (12) 3 (6) 2 (7) 7 (23)
Preparative regimen, n (%)
Myeloablative* 33 (67) 29 (55) 19 (63) 15 (50)
Reduced intensity† 16 (32) 24 (45) 11 (37) 15 (50)
Immunosuppression, n (%)
Calcineurin-inhibitor and methotrexate‡ 25 (51) 24 (45) 14 (47) 7 (23)
Calcineurin-inhibitor and MMF§ 19 (39) 20 (38) 12 (40) 19 (63)
Other 5 (10) 9 (17) 4 (13) 4 (13)
Risk of recurrent malignancy, n (%)
Standard 31 (63) 35 (66) 20 (67) 22 (73)
High 18 (37) 18 (34) 10 (33) 8 (27)
Organ involvement, n (%)
Skin alone - - 8 (27) 9 (30)
Gut alone� 36 (73) 33 (62) 7¶ (23) 10 (33)
Skin + gut� 13 (27) 20 (38) 14 (47) 11 (37)
Grade acute GvHD at onset, n (%)
IIb - - 18 (60) 17 (57)
III - - 12 (40) 12 (43)
Time interval, median days (range)
Transplant to prednisone treatment 29 (10-88) 33 (17-83) 27 (12-91) 24 (12-64)
GvHD to prednisone treatment¶¶ 2 (0-43) 2 (0-26) 3 (0-29) 2 (0-11)
Transplant to GvHD 23 (8-87) 28 (14-79) 22 (6-91) 22 (8-62)
Biopsy confirmation of GvHD, n (%) 36 (73) 48 (91) 29 (97) 24 (80)
BDP and/or budesonide use, n (%) 47 (96) 52 (98) 15 (50) 13 (43)

GvHD designates graft-versus-host disease; HLA; human leukocyte antigen; MMF: mycophenolate mofetil; BDP: beclomethasone diproprionate; TBI: total body irradiation.
*Myeloablative conditioning: busulfan, (≥ 8.0 mg/kg orally [PO] or ≥ 6.4 mg/kg intravenously [IV]), with cyclophosphamide (120 mg/kg IV) (n=33); TBI (≥ 12 Gy) with cyclophos-
phamide (120 mg/kg IV) (n=22); fludarabine (120 mg/m2 IV) with treosulfan (42 g/m2 IV) (n=21); other (n=20). †Reduced intensity conditioning: TBI (2-4 Gy) and fludarabine
(90 mg/m2) (n=48); cyclophosphamide (≥ 100 mg/kg),  fludarabine (90 mg/m2) and TBI (2-4 Gy) (n=7); TBI only (2 Gy) (n=3); other (n=8). ‡Cyclosporine or tacrolimus twice
daily PO or IV (whole blood target levels, 120-360 ng/mL and 5-15 ng/mL, respectively) from day -1 until day +50. In the absence of GVHD, calicineurin-inhibitors were tapered from
day +50 through day +180; methotrexate IV at a dose of 15 mg/m2 on day +1 and at 10 mg/m2 on days +3, +6 and +11. §Cyclosporine or tacrolimus twice daily PO or IV (whole
blood target levels, 120-360 ng/mL and 5-20 ng/mL, respectively) from day -3 until day +180. In the absence of GvHD, calcineurin-inhibitors were tapered from day +56 through day
+180; MMF, 15mg/kg PO twice (related donors) or thrice (unrelated donors) daily, from day 0 to day +27. For recipients of unrelated grafts, MMF prophylaxis was typically extended
until 40 to 180 days after HCT. ¶One patient (3%) had gut and liver involvement at presentation. �In cohort A, the proportion of patients without diarrhea was 37% (18 of 49) among
those randomized to low-dose prednisone and 40% (21 of 53) among those randomized to standard-dose prednisone. ¶¶Longer time intervals between GvHD diagnosis and initi-
ation of treatment reflect patients with indolent manifestations that did not require systemic immunosuppressive therapy at initial diagnosis.



randomized to start therapy with a prednisone-equivalent dose of
either 1 or 0.5 mg/kg/day. Those with grade IIb or higher manifes-
tations11 (cohort B)) were randomized to start treatment with a
prednisone-equivalent dose of either 2 or 1 mg/kg/day.
Randomization was further stratified according to risk of recurrent
malignancy (standard vs. high) and pre-transplant comorbidity
(hematopoietic cell transplant comorbidity index: 0-1 vs. ≥2).13 

Statistical analysis
Primary end point: the primary end point of the study was a 33%

or more reduction of the mean cumulative prednisone dose by day
42 of treatment among patients initially treated with a prednisone
dose of 0.5 mg/kg/day in cohort A and a dose of 1 mg/kg/day in
cohort B compared to those given standard-dose prednisone. We
estimated a 3:2 enrollment ratio for patients presenting with grade
IIa manifestations (cohort A) versus those presenting with grade IIb
or higher manifestations (cohort B). Planned enrollment of 150
patients provided 93% and 98% power in the two strata, respec-
tively, to detect a true 33% reduction in mean cumulative day 42
dose, at the one-sided 0.025 level of significance. 

Secondary end points: given concern that a lower initial dose of

prednisone (0.5 mg/kg/day in cohort A and 1 mg/kg/day in cohort
B) may lead to worse outcomes, overall mortality (“harm”) at one
year after the initiation of therapy was evaluated in both cohorts.
The cumulative incidences of progression to grades III-IV acute
GvHD and secondary systemic therapy for acute GvHD by one
year after enrollment were also assessed. Infections, hyper-
glycemia, hypertension, myopathy and quality-of-life were com-
pared as indicators of prednisone toxicity. Further details regarding
statistical considerations pertaining to the secondary end points are
provided in the Online Supplementary Appendix. 

Results

Patients enrolled
Between May 2009 and June 2013, the study enrolled 164

patients. Two patients were randomized within the incor-
rect stratum and were allocated to doses for which they
were not eligible, leaving 162 evaluable patients (cohort A,
n=102; cohort B, n=60). Most demographic and transplant
characteristics were balanced between patients enrolled in
the two prednisone-dose arms in cohort A and cohort B,
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Figure 1. Stratification and randomization. During the enrollment period for the study from April 2009 to May 2013, 737 patients were newly
diagnosed with ≥ grade IIa acute GvHD. One hundred and sixty-four patients (22%) were enrolled and stratified according to severity of man-
ifestations at symptom onset. Patients in cohort A with grade IIa-manifestations (upper gastrointestinal symptoms of anorexia, nausea, vom-
iting attributed to acute GvHD, with stool volumes < 1 L/day, rash involving < 50% of the body surface, and no hepatic dysfunction) were ran-
domized to start GvHD-therapy with a prednisone-equivalent dose of either 1 or 0.5 mg/kg/day. Those in cohort B with ≥grade IIb-manifesta-
tions (rash involving ≥ 50% of the body surface, stool volumes ≥ 1 L/day or hepatic involvement with total serum bilirubin > 2 mg/dL) were
randomized to start treatment with a prednisone-equivalent dose of either 2 or 1 mg/kg/day. Randomization was further stratified on recur-
rence risks of underlying malignancies (standard vs. high) and pre-transplant comorbidity (hematopoietic cell transplant comorbidity index, 
0-1 vs. ≥ 2). Two patients were randomized within the incorrect stratum and were allocated to doses for which they were not eligible, leaving
162 patients (grade IIa manifestations, n=102; ≥grade IIb-manifestations, n=60) who initiated prednisone treatment according to study.
Twelve patients could not be included in the analysis of the primary end point (departure from Center before treatment day 42, n=7; study
withdrawal, n=2; death before treatment day 42, n=3).
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respectively (Table 1). Clinical characteristics of patients
enrolled in the study were compared with those of eligible
patients who were not enrolled (Online Supplementary Table
S2) and showed no evidence of bias toward selective enroll-
ment of patients with less severe GvHD.

Primary end point: mean cumulative prednisone dose at
day 42 of treatment 
Cumulative prednisone dose was determined among 150

patients treated with prednisone for 42 days. Twelve
patients discontinued prednisone before day 42 because of
early departure from the Center (n=7), death (n=3) or with-
drawal from study (n=2). For patients in cohort A treated
initially with either 1 or 0.5 mg/kg/day, the mean ±SD
cumulative prednisone doses were 27.1±12.7 versus
22.2±13.7 mg/kg, respectively, at day 42 (18% reduction;
P=0.08). For patients in cohort B treated initially with either
2 or 1 mg/kg/day, mean ±SD cumulative prednisone doses
were 41.3±12.1 versus 38.4±14.1 mg/kg (7% reduction;
P=0.4) (Figure 2).

Pre-specified secondary “no harm” end points
Overall survival, progression to grade III-IV acute GvHD and

secondary systemic immunosuppressive therapy: in comparison
between the aggregated standard-dose groups (1
mg/kg/day for cohort A; 2 mg/kg/day for cohort B) and the
aggregated lower dose groups (0.5 mg/kg/day for cohort A;
1 mg/kg/day for cohort B), no statistically significant differ-
ences were observed in the likelihood of overall survival
[77% (95%CI: 67%-86%) vs. 77% (95%CI: 67%-86%); HR
1.02 (95%CI: 0.6%-1.74%); P=0.95] (Figure 3A-C) and pro-
gression to grade III-IV acute GvHD [13% (95%CI: 7%-
23%) vs. 6% (95%CI: 2%-14%); HR 0.43 (95%CI: 0.14%-
1.33%)]. 
Among patients in cohort A (n=102), the likelihood of

progression to grade III-IV acute GvHD was 10% among
patients who started treatment with a prednisone dose of
0.5 mg/kg/day and 6% among those who started treatment
with a dose of 1 mg/kg/day (P=0.39). Among patients in
cohort B who presented with grade IIb acute GvHD (n=53),
the likelihood of progression to grade III-IV acute GvHD
was 19% among patients who started treatment with a
prednisone dose of 1 mg/kg/day and 7% among those who
started treatment with a dose of 2 mg/kg/day (P=0.20). 
The risk of requiring secondary systemic immunosup-

pressive therapy was significantly lower in the aggregated
standard-dose groups compared to the aggregated lower
dose groups [7% (95%CI: 2%-13%) vs. 23% (95%CI: 14%-
32%); HR 0.29 (95%CI: 0.12%-0.74%); P=0.009] (Figure
3D). Further analysis showed that 9 of 102 patients (9%) in
cohort A required secondary systemic immunosuppressive
therapy. Among patients in cohort A, initial prednisone
dose was not associated with the likelihood of requiring
secondary systemic immunosuppressive therapy (12% vs.
8%; P=0.44) (Figure 3E). In comparison, 13 of 60 patients
(22%) in cohort B required secondary systemic immuno-
suppressive therapy. Among patients in cohort B, initial
treatment with a prednisone of 1 mg/kg/day was associated
with an increased risk of requiring secondary systemic
immunosuppressive therapy (41% vs. 7%; P=0.001) (Figure
3F). Secondary systemic immunosuppressive therapy in
cohort B included mycophenolate mofetil (n=6), ATG (n=3),
sirolimus (n=2), alemtuzumab (n=1), or etanercept (n=1).

Pre-specified measures of prednisone toxicity
Assessment of invasive infections, control of hyper-

glycemia and hypertension, degree of myopathy and quali-
ty-of-life at weekly intervals during the first 42 days after
starting treatment showed no statistically significant associ-
ations with initial prednisone dose (Online Supplementary
Table S1 and Online Supplementary Figure S1).

Exploratory secondary “no harm” end points
Non-relapse mortality, recurrent malignancy and chronic

GvHD:  in comparison between the aggregated standard-
dose groups and the aggregated lower dose groups, no sta-
tistically significant differences were observed in the risks of
NRM (16% vs. 15%), recurrent malignancy (21% vs. 21%)
and chronic GvHD (54% vs. 47%) at 12 months after start
of therapy (Figure 4). The risks of NRM (24% vs. 25%) at 12
months were also similar in the two prednisone-dose arms
of cohort B (n=60) (Figure 4B and C).

Additional exploratory analyses
Among patients in cohort B, an exploratory analysis sug-

gested that skin-predominant GvHD (rash involving >50%
of body surface) at onset was associated with a higher like-
lihood of requiring secondary immunosuppressive therapy

Figure 2. Primary end point: prednisone use according to initial dose
and GvHD-grade at onset of symptoms. (A) Patients who presented
with Grade IIa-manifestations (cohort A; n=91); initial prednisone
dose, 0.5 mg/kg/day (solid line) or 1 mg/kg/day (dashed line). (B)
Patients who presented with ≥grade IIb-manifestations (cohort B;
n=59); initial prednisone dose, 1 mg/kg/day (solid line) or 2
mg/kg/day (dashed line). The graphs show mean prednisone doses
per day until day 42 after starting treatment. Only patients who com-
pleted 42 days of prednisone treatment were included in the cumu-
lative dose analysis (n=150).
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after initial treatment with a prednisone dose of 1
mg/kg/day (53% vs. 18%; P=0.06). In contrast, gut-predom-
inant GvHD at onset (stool volume >1.0 L/24 h) was not
associated with the risk of requiring secondary immuno-
suppressive therapy in this cohort (43% vs. 39%; P=0.86).

Discussion

Since the clinically most meaningful measure of pred-
nisone-associated morbidity in hematopoietic allograft
recipients is unknown, a 33% or greater reduction in mean
prednisone exposure by treatment day 42 among patients
started on the lower dose was chosen as a surrogate pri-
mary end point for this study. The secondary end points
were included to rule out evidence of egregious harm and
to estimate the possible effect size of any favorable differ-
ences for the low-dose regimen before undertaking an ade-
quately powered follow-up study given the expectation
that the current study would show a large reduction in
cumulative prednisone exposure. The primary end point of
the study was not reached. The unexpectedly smaller
reductions in prednisone exposure during the first 42 days
of treatment between the two arms of each cohort reflected
an evolving practice of rapid prednisone withdrawal in
responding patients who were initially given the higher
doses. Importantly, they did not reflect prednisone dose-
escalations related to treatment-failure in patients who
started treatment at the lower doses (Figure 2).
The results of our study are nevertheless consistent with

results of the prior retrospective study9 suggesting that
newly diagnosed acute GvHD in most patients can be man-

aged effectively and safely by initiating treatment with
prednisone at doses below the current standard of care. For
patients presenting with grade IIa acute GvHD (cohort A),
initial treatment with prednisone at 0.5 mg/kg/day (instead
of 1 mg/kg/day) was safe and effective. For patients pre-
senting with grade IIb or higher symptoms (cohort B), initial
treatment with a prednisone dose of 1 mg/kg/day (instead
of 2 mg/kg/day) was associated with an increased likeli-
hood of requiring secondary immunosuppressive therapy.
Although the study was not powered to detect mortality
differences, results showed no suggestion that use of the
lower dose adversely affected survival. No patient enrolled
in the study or diagnosed with acute GvHD during the
study period had grade IV symptoms at the time of initial
presentation.
Larger differences in day 42 prednisone exposure might

have emerged between the two arms if the protocol had
specified a schedule for tapering the prednisone dose. The
option of making dose adjustments according to perceived
clinical response greatly facilitated the willingness of physi-
cians and patients to participate in the study by reducing
concerns about over- or undertreatment. This flexibility had
the advantage of more accurately matching clinical practice,
where dose adjustments are made routinely according to
response. Hence, our study design emphasized clinical
effectiveness over clinical efficacy.
In patients who presented with mild to moderately

severe symptoms (cohort A), initial treatment with a pred-
nisone dose of 0.5 mg/kg/day was effective and did not
compromise survival. Slightly greater proportions of
patients initially treated with a prednisone dose of 0.5
mg/kg/day required secondary immunosuppressive thera-
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Figure 3. Pre-specified secondary “no harm”
end points according to initial treatment
with lower-dose or higher-dose prednisone.
(A) Kaplan-Meier estimates of overall sur-
vival after initiation of prednisone therapy
among all patients, (B) among those in
cohort A, and (C) among those in cohort B.
(D) Cumulative incidence of non-prednisone
secondary systemic immunosuppressive
therapy after initiation of prednisone thera-
py among all patients, (E) among those in
cohort A, and (F) among those in cohort B.
Secondary systemic immunosuppressive
therapy in cohort B included mycophenolate
mofetil (n=6), ATG (n=3), sirolimus (n=2),
alemtuzumab (n=1), or etanercept (n=1).
Solid line: patients who started treatment
with lower-dose prednisone (0.5 mg/kg/day
or 1 mg/kg/day for those in cohorts A and B,
respectively). Dashed line: patients who
started treatment with higher-dose pred-
nisone (1 mg/kg/day or 2 mg/kg/day for
those in cohorts A and B, respectively).
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py (12% vs. 8%) or progressed to severe GvHD (10% vs.
6%). Although the study was not powered to detect statis-
tically significant differences in secondary “no harm” end
points, these differences were statistically not significant. It
is important to note that patients with gastrointestinal
symptoms in this group were concomitantly treated with
topical oral glucocorticoids (usually BDP and budesonide). It
is, therefore, unclear whether initial treatment with a pred-
nisone dose of 0.5 mg/kg/day would have been equally
effective without concomitant use of oral topical glucocor-
ticoids. Conversely, one could speculate that oral topical
glucocorticoids alone might be sufficient initial therapy for
patients who present with upper gastrointestinal symp-
toms, diarrhea volumes below 1.0 L/day and skin rash
involving less than 50% of the body surface. This important
question should be addressed in future studies.
Among patients who presented with grade IIb or higher

GvHD (cohort B), initial treatment with the lower pred-
nisone dose of 1 mg/kg/day was associated with an
increased likelihood of requiring secondary systemic
immunosuppressive therapy. Although survival did not
appear to be adversely affected by use of lower-dose pred-
nisone in this group, it is important to emphasize that the
study was not powered to detect such differences. As a rule,
prednisone doses were increased before starting non-pred-
nisone secondary therapies in patients initially treated with
prednisone at 1 mg/kg/day. The increased need for second-

ary immunosuppressive therapy per se among patients in
this cohort who were randomized to a prednisone dose of
1 mg/kg/day should not be interpreted as a failure of the
lower-dose treatment approach. One could argue that initial
prednisone-sparing had to be compensated with non-pred-
nisone immunosuppression at a later time, which did not
have a measurable negative impact on outcome. Since
cumulative prednisone use was recorded only until treat-
ment day 42, it is unclear whether extended follow up
might have shown reduced prednisone utilization among
patients initially treated with standard-dose prednisone
compared to those initially treated with lower dose pred-
nisone. 
Additional exploratory analyses suggested that patients in

cohort B who had skin-predominant symptoms were more
likely to require secondary systemic immunosuppressive
therapy than those who had gut-predominant symptoms.
This finding was unexpected and suggests that GvHD in
the two target organs might have differential sensitivity to
prednisone. Organ-specific susceptibility to prednisone
could be related to differential prednisone-sensitivity of res-
ident donor effector cells. Pro-inflammatory human Th17
cells, for example, are refractory to glucocorticoids,14
although it is unknown whether these cells are more abun-
dant in the skin than in gastrointestinal mucosa in patients
with GvHD.
The expectation that prednisone-associated toxicity

Figure 4. Additional secondary “no harm” end points according to initial treatment
with lower-dose or higher-dose prednisone. (A) Cumulative incidence of non-
relapse mortality among all patients, (B) among those in cohort A, and (C) among
those in cohort B after initiation of prednisone therapy. (D) Cumulative incidence
of relapse and (E) chronic GvHD requiring systemic immunosuppressive therapy
among all patients after initiation of prednisone therapy. Solid line: patients who
started treatment with lower-dose prednisone (0.5 mg/kg/day or 1 mg/kg/day for
those in cohorts A and B, respectively). Dashed line: patients who started treat-
ment with higher-dose prednisone (1 mg/kg/day or 2 mg/kg/day for those in
cohorts A and B, respectively). 
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could be reduced without causing harm was an important
motivation for conducting this trial. The lack of differences in
toxicity profiles between patients treated with lower dose
prednisone versus those treated with higher-dose prednisone
can be explained by the absence of major differences in pred-
nisone exposure during the initial 42 days of treatment (pred-
nisone exposure difference ≤18%). The rate of prednisone
withdrawal was not dictated by the protocol, an approach
that facilitated enrollment in the study. Clinical practice at
our institution has evolved toward accelerated withdrawal of
prednisone in patients with GvHD manifestations respond-
ing to initial treatment at higher doses, which reduced differ-
ences in cumulative prednisone exposure. Other institutions
might not follow a similarly rapid prednisone taper schema.
If so, initial GvHD treatment at lower prednisone doses
could prevent toxicity more effectively than observed in our
trial. Finally, since our study did not include patients present-
ing with grade I acute GvHD (rash involving <50% of the
body surface without liver or gut involvement), our findings
cannot be extrapolated to these patients. As illustrated by our
comparison with patients who were not enrolled in the
study, factors beyond clinical grade such as progression kinet-
ics or appearance of a rash clearly affect treatment decisions.
Overall, the estimated effect sizes and confidence intervals
for secondary end points in this study were too small to jus-
tify further trials designed to demonstrate statistically signif-
icant advantages for the lower-dose regimen, and the medical
considerations are not of sufficient importance to justify fur-
ther trials designed to demonstrate non-inferiority of the
lower-dose regimen.
Results of this study, and the previous retrospective

study, have important practice implications. When gastroin-
testinal manifestations of GvHD are present, our findings
apply only when topical oral glucocorticoids are given in
addition to systemic glucocorticoids. For patients who pres-
ent with grade IIa acute GvHD manifestations (“upper gut
syndrome”), initial treatment with a prednisone-equivalent
dose of 0.5 mg/kg/day is safe and effective. For patients
who present with grade IIb or higher manifestations, initial
treatment with a prednisone-equivalent dose of 1

mg/kg/day is associated with an increased likelihood of
requiring secondary immunosuppressive therapy without
an apparent negative impact on survival. Whether the risk
of requiring secondary immunosuppressive therapy is con-
fined to patients with skin-predominant disease, as suggest-
ed by our exploratory analysis, needs to be confirmed in
future studies. Thus, for patients who present with grade
IIb or higher manifestations, initial treatment with a dose of
2 mg/kg/day followed by a rapid taper should be consid-
ered, if the objective is to minimize the need for secondary
immunosuppressive therapy. In addition, further validation
of prognostic factors that could help identify a priori those
patients at risk for fatal GvHD would be of great clinical
importance.15-17 Whether initial therapy with regimens that
are more immunosuppressive than prednisone alone would
yield better outcomes in these patients is unknown and
deserves further study. 
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