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To the Editor

Acute graft-versus-host disease (aGvHD) remains a barrier to 
success following allogeneic hematopoietic cell transplant (allo-
HCT) [1-5]. Up to 70% of patients are non-responders to first-
line systemic corticosteroids and require second-line therapy [2-
6]. Non-responders can be further categorized as either upfront 
steroid refractory (USR), characterized by worsening aGvHD 
after 3 days of high-dose corticosteroids or with no response 
after 7 days, or steroid dependent (SD), which is conceptualized 
as either early-failure (EF-SD) if aGvHD recurs at greater than 
50% of the initial corticosteroid dose, or late-failure (LF-SD) if 
at less than 50% of the starting dose [7-10]. Outcomes for SD 
patients are not as well studied compared to those with USR 
disease. Currently, patients with EF-SD or LF-SD aGvHD are 
not eligible for clinical trials with novel agents either in combi-
nation with high-dose corticosteroids or alone based on current 
criteria [9]. Accordingly, patients must be re-challenged with 
higher corticosteroid doses to fulfill the criteria of steroid refrac-
tory aGvHD prior to pursuing clinical trial enrollment. To our 
knowledge, analysis of outcomes between USR and SD patients 
has not been conducted before. We hypothesized that patients 
with EF-SD aGvHD have similar poor overall survival and non-

relapse mortality compared to USR patients.
To address this, we conducted a single-institution retro-

spective study. Patient data were collected as part of a study 
that was approved by the Institutional Review Board. The 
patient population consisted of adult patients 18 years of age 
or older who underwent allo-HCT between January 2005 and 
December 2013, and received at least 1 mg/kg prednisone 
equivalent for aGvHD. Transplant platforms included human 
leukocyte antigen-matched sibling donors, matched unrelated 
donors, and double umbilical cord blood grafts. We included 
patients who received GvHD prophylaxis with calcineurin in-
hibitors plus methotrexate or mycophenolate mofetil and re-
ceived systemic corticosteroids for aGvHD. Only patients who 
underwent matched unrelated donor or mismatched unrelated 
donor transplants received anti-thymocyte globulin. The diag-
nosis of chronic GvHD was made using the National Institutes 
of Health (NIH) consortium criteria after features were identi-
fied by the provider [11]. We excluded patients with primary 
disease relapse or progression before aGvHD or who under-
went more than one allo-HCT. Patients were followed until last 
contact or death. Primary outcomes were overall survival and 
non-relapse mortality at 1 and 2 years after starting corticos-
teroids. Secondary outcomes include day 28 response, use of 
second-line aGvHD therapy, incidence of chronic GvHD, and 
cause of death.

Patient baseline characteristics were summarized using 
descriptive statistics, which included the median and inter-
quartile range as well as percentages and frequencies for cat-
egorical parameters presented. For the group comparisons, the 
Wilcoxon rank-sum test was used for comparison of continu-
ous variables and Chi-squared test for categorical variables. 
Time-dependent proportional hazards methods were used to 
assess all survival endpoints associated with EF-SD and LF-
SD. Time-dependent methods were not used for analysis of 
survival endpoints associated with USR, as by definition, the 
onset of up-front corticosteroid-resistance occurred within 10 
days after starting corticosteroid treatment. Non-relapse mor-
tality was computed using a competing risk methodology, with 
relapse as a competing risk. All survival results are presented 
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as hazard ratios (HRs) with 95% confidence intervals (CIs) and 
P values. Cumulative incidence curves were created using the 
Fine-Gray method. All P values are reported as two-sided and 
all analyses were conducted using R 3.5.1 software.

One hundred patients were evaluated. Baseline demo-
graphic and transplant-related data are listed (Table 1). No sta-

tistically significant differences in baseline characteristics were 
found between groups. In terms of primary outcome measures, 
the 1-year (44% vs. 62%) and 2-year overall survival (42% vs. 
45%) did not differ significantly between USR and SD groups, 
respectively. The median overall survival (in years) for USR, 
EF-SD, and LF-SD was 0.43 (95% CI: 0.28 - 3.97), 1.20 (95% 

Table 1.  Baseline Demographics Stratified by Acute GvHD Subtype

USR (n = 41) SD all (n = 60) EF-SD (n = 24) LF-SD (n = 36)
Age at transplant, median (IQR) 52 (42 - 59) 44 (32 - 53) 41 (30 - 48) 46 (35 - 54)
Recipient sex
  F 37% (15) 57% (34) 58% (14) 56% (20)
  M 63% (26) 43% (26) 42% (10) 44% (16)
Donor type
  Related 46% (19) 33% (20) 29% (7) 36% (13)
  Unrelated 54% (22) 67% (40) 71% (17) 64% (23)
Graft type
  Bone marrow 20% (8) 17% (10) 25% (6) 11% (4)
  Umbilical cord 7% (3) 10% (6) 8% (2) 11% (4)
  Peripheral blood 73% (30) 73% (44) 67% (16) 78% (28)
Sex mismatch (D/R)
  F/F 16% (6) 23% (13) 13% (3) 30% (10)
  F/M 24% (9) 18% (10) 22% (5) 15% (5)
  M/F 21% (8) 36% (20) 44% (10) 30% (10)
  M/M 40% (15) 23% (13) 22% (5) 24% (8)
  Missing 0% (0) 0% (0) 0% (0) 0% (0)
CMV serostatus (D/R)
  N/N 13% (5) 16% (9) 17% (4) 15% (5)
  N/P 13% (5) 12% (7) 13% (3) 12% (4)
  P/N 40% (15) 34% (19) 30% (7) 36% (12)
  P/P 26% (10) 36% (20) 35% (8) 36% (12)
  Missing 8% (3) 2% (1) 4% (1) 0% (0)
ABO match
  Match 47% (18) 48% (27) 35% (8) 58% (19)
  Mismatch 47% (18) 50% (28) 61% (14) 42% (14)
  Missing 5% (2) 2% (1) 4% (1) 0% (0)
Diagnosis
  Acute leukemia 44% (18) 54% (33) 50% (12) 58% (21)
  Lymphoid 20% (8) 24% (14) 25% (6) 22% (8)
  Myeloid 27% (11) 19% (11) 17% (4) 19% (7)
  Other 10% (4) 4% (2) 8% (2) 0% (0)
Regimen intensity
  Myeloablative 49% (20) 77% (46) 75% (18) 78% (28)
  Non-myeloablative 
or reduced intensity

51% (21) 23% (14) 25% (6) 22% (8)

F: female; M: male; GvHD: graft-versus-host disease; USR: upfront steroid refractory; SD: steroid dependent; EF-SD: early-failure steroid-depend-
ent; LF-SD: late-failure steroid-dependent; IQR: interquartile range; CMV: cytomegalovirus.
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CI: 0.72-5.92% and 2.26 (95% CI: 1.31 - not reached), respec-
tively (Fig. 1). The 1-year and 2-year overall survival was 54% 
and 33% for EF-SD and 67% and 53% for LF-SD, respec-
tively. Univariate analyses (Cox regression time-dependent) 
showed that patients in the EF-SD subset (HR: 0.96, 95% CI: 
0.54 - 1.71, P = 0.88) did not have a significantly different sur-
vival compared to USR (reference category). Patients in the 
LF-SD subset had an improved survival (HR: 0.54, 95% CI: 
0.31 - 9.95, P = 0.03) compared to USR (reference category). 
With LF-SD as a reference category, the USR subset had an 
inferior outcome (HR: 1.85, 95% CI: 1.05 - 3.25, P = 0.03), 
while EF-SD did not show a significant difference (HR: 1.76, 
95% CI: 0.94 - 3.32, P = 0.078).

Multivariate time-dependent analysis showed that both 

USR (HR: 1.88, 95% CI: 1.04 - 3.38, P = 0.037) and EF-SD 
(HR: 1.99, 95% CI: 1.05 - 3.79, P = 0.036) were independ-
ent predictors of inferior overall survival. Overall survival was 
similar for USR compared to EF-SD.

Multivariable analyses (Cox regression time-dependent), 
adjusted for starting dose of prednisone at onset of aGvHD, 
age, donor type, and regimen intensity, using USR as refer-
ence, showed LF-SD was independently associated with im-
proved overall survival (HR: 0.53, 95% CI: 0.3 - 0.96, P = 
0.037). EF-SD had a HR of 1.06 (95% CI: 0.58-1.94%, P = 
0.84). Using the same methodology, and adjusted for the same 
covariates as mentioned above, with LF-SD as reference, both 
USR (HR: 1.88, 95% CI: 1.04 - 3.38, P = 0.037) and EF-SD 
(HR: 1.99, 95% CI: 1.05 - 3.79, P = 0.036) were independent 

Figure 1. Kaplan-Meier plot (time-dependent Cox regression univariate analysis) comparing overall survival across USR, EF-
SD, and LF-SD. USR: upfront steroid refractory; EF-SD: early-failure steroid-dependent; LF-SD: late-failure steroid-dependent.

Figure 2. Cumulative incidence of non-relapse mortality with relapse as a competing risk across USR, EF-SD, and LF-SD. USR: 
upfront steroid refractory; EF-SD: early-failure steroid-dependent; LF-SD: late-failure steroid-dependent.
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predictors of inferior overall survival.
The 1-year and 2-year cumulative incidence of non-relapse 

mortality, with relapse as competing risk, did not differ signifi-
cantly among the three groups (P = 0.082) (Fig. 2). The 1-year 
and 2-year incidence of non-relapse mortality for USR, EF-SD, 
and LF-SD was (0.42, 95% CI: 0.26 - 0.57), (0.38, 95% CI: 
0.18 - 0.58), and (0.19, 95% CI: 0.06 - 0.33), respectively.

In terms of secondary outcome analyses, complete re-
sponse at day 28 was worse for USR compared to SD disease 
(20% vs. 43%, P = 0.03), even though the same initial cor-
ticosteroid dose of 1.3 mg/kg was used in both groups. The 
maximum grade of aGvHD did not differ between the groups. 
In addition, the number of days until aGvHD or chronic GvHD 
did not differ. USR patients were maintained on high-doses of 
corticosteroids and were also more likely to receive second-
line aGvHD treatment (USR vs. SD; 63% vs. 35%, P = 0.005).

In terms of comparisons between USR and EF-SD, com-
plete response to day 28 high-dose corticosteroids did not sig-
nificantly differ between patients with USR and EF-SD (20% 
and 25%, respectively). Similar rates of partial response and 
stable disease were also found between the groups. The initial 
dose of corticosteroids in both groups was 1.3 mg/kg. Days 
until manifestation of aGvHD were similar (26 vs. 20, P = 0.1), 
though the time to chronic GvHD differed (300 vs. 68, P = 
0.008). However, the development of chronic GvHD did not 
significantly differ (39% vs. 50%, P = 0.4).

For comparisons between EF-SD and LF-SD, the pattern 
of response to day 28 high-dose corticosteroids was inversely 
proportional and differed significantly with a 25% vs. 56% 
complete response, respectively, (P = 0.001). The same start-
ing doses of corticosteroids of 1.3 mg/kg were given. How-
ever, EF-SD patients were found to receive higher doses of 
corticosteroids at disease recurrence (1.1 mg/kg vs. 0.4 mg/kg, 
P <0.001). Significant differences did not exist for days until 
acute (20 vs. 22) or chronic GvHD (68 vs. 200) or the develop-
ment of chronic GvHD (50% vs. 64%) between EF-SD and 
LF-SD, respectively.

The primary cause of death in patients with USR and EF-
SD GvHD was GvHD (64% vs. 47%, respectively). On the 
other hand, the majority of deaths in LF-SD patients were due 
to relapse of the underlying hematologic disease, with 43% of 
deaths attributed to relapse and 20% to GvHD.

These results show that patients with USR and EF-SD 
aGvHD have similarly poor survival outcomes. As expected, 
day 28 response was lower in patients with USR compared 
to EF-SD. Although the grade of aGvHD was not different 
among these two groups, we speculate that clinical features not 
represented in the staging and grading of aGvHD contributed 
to an “unconscious” physician bias of using a higher corticos-
teroid dose in patients who eventually were USR [10]. While 
our findings validate the known poor outcomes seen with USR 
aGvHD, we have identified a subset of patients, those with EF-
SD aGvHD, who appear clinically similar. Clinical trials for 
second-line aGvHD therapy have typically not included SD 
patients [12, 13].

More recently, the US Food and Drug Administration 
(FDA) approved ruxolitinib, a JAK1/JAK2 inhibitor, for cor-
ticosteroid-refractory aGvHD, based on a single arm, phase 2 
clinical trial, REACH-1 [14]. This study appropriately includ-

ed patients who were taper intolerant, defined as recurrence 
of aGvHD at a dose higher than 50% of initial dose of cor-
ticosteroid [14]. Ruxolitinib is also active for chronic GvHD 
in the salvage setting, suggesting the importance of extended 
cytokine blockade for both B-cell and T-cell mediated disease 
processes [12]. The randomized phase 3 REACH-2 study con-
firmed the benefit of ruxolitinib in the corticosteroid refractory 
population [15]. Generalizability of our findings is limited by 
the retrospective and single center nature of our study along 
with between group differences in baseline characteristics and 
heterogeneity in treatment courses. Large collaborative or reg-
istry studies are needed to validate outcomes and expand and 
modernize eligibility criteria for second-line therapy.
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