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Using multicenter data, we developed a novel acute graft-versus-host
disease Risk Score which more accurately predicts response to
steroid treatment, survival and transplant related mortality than

other published risk scores based upon clinical grading criteria.1 To validate
this Risk Score in a contemporary cohort, we examined 355 recent
University of Minnesota patients (2007-2016) diagnosed with acute graft-
versus-host disease and treated with prednisone 60 mg/m2/day for 14 days,
followed by an 8-week taper. Overall response [complete response + partial
response] was higher in the 276 standard risk versus 79 high risk graft-ver-
sus-host disease patients at day 14 (71% versus 56%, P<0.01), day 28 (74%
versus 59%, P=0.02) and day 56 (68% versus 49%, P<0.01) after steroid ini-
tiation. Day 28 response did not differ by the initial graft-versus-host disease
grade. In multiple regression analysis, patients with high risk graft-versus-
host disease were less likely to respond at day 28 (odds ratio 0.5, 95% CI
0.3-0.9, P<0.01) and had higher risks of 2 year transplant related mortality
(Hazard Ratio 1.8, 95% CI, 1.0-2.1, P=0.03) and overall mortality (Hazard
Ratio 1.7, 95% CI, 1.2-2.4, P<0.01) than patients with a standard risk graft-
versus-host disease. This analysis confirms the Minnesota graft-versus-host
disease Risk Score as a valuable bedside tool to define risk in patients with
acute graft-versus-host disease. A tailored approach to upfront acute graft-
versus-host disease therapy based upon the Minnesota Risk Score may
improve outcomes and facilitate testing of novel treatments in these
patients.  
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ABSTRACT

Introduction

Acute graft-versus-host disease (GvHD) remains a major cause of morbidity and
mortality after allogeneic hematopoietic cell transplantation (HCT).2 Immediate,
real time risk determination at diagnosis may facilitate initiation of more appropri-
ate and potentially effective upfront therapy. In 2015, we developed a novel GvHD
Risk Score based on the number of organs involved and severity of GvHD at the
onset of systemic steroid treatment in 1723 patients from four centers and the
Blood and Marrow Transplant Clinical Trials Network (BMT CTN) treated from
1990-2007.1 Using clinical groupings, descriptive statistics and recursive partition-
ing, we identified poorly responsive, high-risk (HR) acute GvHD defined by the
number of involved organs and organ stage, thus determining the severity of GvHD
at onset.  HR-GvHD is defined as either skin stage 4; lower gastrointestinal (GI)
stage 3-4 or liver stage 3-4; or skin stage 3+ and either lower GI 2-4 or liver stage 2-
4 GvHD. Standard risk (SR)-GvHD includes single organ involvement (either stage
1-3 skin or stage 1-2 GI) or 2 organ involvement (either stage 1-3 skin plus stage I
GI; or stage 1-3 skin plus stage 1-4 liver). We designed a free web-based program
to easily determine the GvHD risk group for a given patient using our refined Risk
Score, available at: https://z.umn.edu/MNAcuteGVHDRiskScore. Patients with HR-
GvHD were three times less likely to respond to steroid therapy and had  a >2 fold
increased risk of overall mortality and transplant-related mortality (TRM) than
patients in the SR-GvHD group.1



As measured by the net reclassification index, the
Minnesota GvHD Risk Score improves both the true-pos-
itive and false-positive rates and is a better predictor of
response to upfront steroid therapy, survival and TRM
than other published GvHD Risk Scores based upon clini-
cal grading criteria.1 Our previous analysis revealed that
this GvHD Risk Score would reclassify 83% patients grad-
ed by the Center for International Blood and Marrow
Transplant Research (CIBMTR) grading system3 and 27%
if the Minnesota GvHD grading system4,5 were used
allowing for more appropriate, risk stratified therapy at
initial GvHD diagnosis.3-6 
To validate this Minnesota GvHD Risk Score in a con-

temporary cohort with greater variety of conditioning reg-
imens and donor grafts, we examined an independent
cohort of 355 patients diagnosed with acute GvHD who
were treated with systemic steroids as initial therapy at
the University of Minnesota. 

Methods

Between December 2007 and December 2016, 355 first allo-
geneic HCT patients developed grade I-IV acute GvHD and were
treated with prednisone 60 mg/m2/day per os (PO) (or methyl-
prednisolone 48 mg/m2/day intravenously (IV)) as initial therapy
and are included in this analysis. Patients with grade I GvHD not
treated with systemic therapy were excluded from this analysis.
All HCT protocols were reviewed and approved by the Masonic
Cancer Center Protocol Review Committee and the Institutional
Review Board at the University of Minnesota. 

Patient and transplant characteristics 
Patient and transplant characteristics are shown in Table 1 for

our new cohort of 355 patients as well as our old cohort of 1723
patients for comparison. The date of transplant did not overlap
between the two groups. The median patient age was similar
being 49 years (range, 0.2-75) and 40 years (range 0.2-76). In each
cohort, 62% were males and the majority had a malignant disease.

In both groups approximately 1/3 of patients received a human
leukocyte antigen (HLA)-matched sibling bone marrow (BM) or
peripheral blood stem cell (PBSC) donor graft. In our new cohort,
there were fewer HLA matched or mismatched unrelated donor
(URD) grafts used. A much greater proportion of patients received
an umbilical cord blood (UCB) graft; now 55% compared to only
15% previously.  Details of the preparative therapy, GvHD pro-
phylaxis and supportive therapies have been previously reported.
7-10 In the new cohort, 50% patients received reduced intensity
conditioning (RIC) compared to only 26% patients previously. In
our new cohort, GvHD prophylaxis consisted of cyclosporine A
(CSA) or tacrolimus based therapy in 92% of patients, ex vivo
T-cell depletion in 1% of patients, and sirolimus plus mycopheno-
late mofetil (MMF) in 7% of patients.  

GvHD therapy and measurement of response to 
prednisone
All patients were to receive daily, thrice divided doses of pred-

nisone 60 mg/m2/day orally (or methylprednisolone IV equivalent,
48 mg/m2) for seven consecutive days, followed by daily pred-
nisone for seven days as initial therapy for acute GvHD. Patients
were maintained on therapeutic levels of CSA, tacrolimus or
sirolimus. Additionally, patients with skin acute GvHD were treat-
ed with topical 0.1% triamcinolone cream or 1% hydrocortisone
cream (for facial rash) three times daily. If a response to prednisone
was observed, patients continued therapy with oral prednisone 60
mg/m2/day through day 14 and then commenced a taper of
steroids over eight weeks.11,12 Response to therapy was evaluated
by the attending physician and prospectively recorded weekly in
the University of Minnesota BMT Database by determining the
GvHD clinical stage score for each time point (±3 days).13

Additional detail of GvHD data collection and scoring, supportive
care and statistical analyses are detailed in the Online
Supplementary Methods section.

Results

For the entire cohort, the median time from HCT to ini-
tiation of steroid therapy was 37 days (range 10-170,
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Figure 1. Response by Minnesota GvHD Risk Score. 

P

P=0.02



interquartile range 26-57). All patients had ≥6 months fol-
low-up after steroid initiation (median 3.2 years, range
0.5-9 years).  
The initial organ stage of GvHD at onset of steroid treat-

ment is shown in Table 2. Initial GvHD organ involve-
ment was skin only (45%), upper gastrointestinal (GI)
only (5%), upper and/or lower GI only (33%), liver only
(1%) or multi-organ (21%). At onset of steroid therapy,
11% had grade I GvHD, 53% patients had grade II GvHD,
30% had grade III GvHD and 6% had grade IV GvHD. Of
the 355 patients, 79 (22%) had Minnesota HR GvHD and
276 (78%) had Minnesota SR GvHD. The median onset of
GvHD treatment in SR patients was 37 days [range, 10-
170, interquartile range (IQR), 26.5-57] and 39 days (range,
13-156, IQR, 23-57) in HR patients.
Overall response (CR + PR) at day 28 was observed in

250 of 355 patients [70%: 95% confidence interval (CI),
65-75%]. CR was observed in 199 patients [56%: 95% CI,
51-61%) and PR in 51 patients [14%: 95% CI, 11-18%).
CR/PR was significantly higher in the 276 SR versus 79 HR
GvHD patients at day 14 (71% versus 56%, P<0.01), day
28 (74% versus 59%, P=0.02; Figure 1) and day 56 (68%
versus 49%, P<0.01) after steroid initiation. Day 28 CR/PR
did not differ by initial GvHD grade being 64%, 77%,
65% and 50% for grade I, II, III and IV (P=0.07), noting
that Grade I, II and III had similar day 28 CR/PR.
Evaluating high risk for each index as classified by
Minnesota HR GvHD, grades III/IV for the Minnesota
GvHD grading system, and grades C/D for the CIBMTR
grading system, the positive predictive value for no
response was 41% (95% CI, 30-52%), 38% (95% CI, 29-
47%) and 33% (95% CI, 27-40%), respectively.
TRM at six months was significantly higher in the HR

(34%: 95% CI, 23-45%) versus SR patients [21%: 95% CI,
16-25%; P<0.01) as shown in Figure 2. TRM at six months
was also higher in patients with no response to steroids at
day 28 (44%: 95% CI, 32-55%) versus those who achieved
a PR [16%: 95% CI, 6-27%) or CR (13%: 95% CI, 9-18%;
P<0.01) as shown in Figure 3.
In multiple regression analysis, adjusting for clinically

significant variables, the odds of day 28 CR/PR were
lower in HR versus SR GvHD patients [odds ratio (OR) 0.5,
95% CI, 0.3-0.9, P=0.01). Donor type was the only other
factor significantly associated with response. HLA
matched URD BM/PBSC recipients were less likely to
achieve a CR/PR at day 28 (OR 0.3, 95% CI, 0.2-0.7,
P<0.01) versus HLA sibling donor BM/PBSC recipients,
whereas single UCB graft recipients were 3.6 times as like-
ly to respond (OR 3.6, 95% CI,1.4-9.2, P=0.01) and double
UCB recipients 1.9 twice as likely to respond (OR 1.9,
95% CI,1.0-3.5, P=0.04) as shown in Table 3. There were
no statistically significant interactions in donor, graft or
other variables with response.
We also performed a logistic regression analysis of day

28 CR/PR only in the 159 BM/PBSC (non-UCB recipients).
Compared to Minnesota SR GvHD patients, the HR group
had OR of 0.2 of achieving a day 28 CR and 0.2 of achiev-
ing CR/PR (both P<0.01). The Minnesota GvHD Risk
Score also predicted CR/PR in the small number of
patients with non-malignant disease as well (data not
shown).
In multiple regression analysis, factors statistically sig-

nificantly associated with greater TRM through 2 years
included HR GvHD (Hazard Ratio (HzR) 1.8, 95% CI, 1.1-
2.7, P=0.01), and matched URD BM/PBSC recipients (HzR

2.0, 95% CI, 1.1-3.5, P=0.02). Lower TRM was associated
with patients 18-35 years of age (HzR 0.6, 95% CI, 0.3-
1.1, P=0.02), single UCB (HzR 0.4, 95% CI, 0.2-1.0,
p=0.04) and early onset (<28 days from HCT) GvHD (HzR
0.92, 95% CI, 0.87-0.97, P=0.05). Similarly, mortality
through 2 years was higher in HR GvHD (HzR 1.7, 95%
CI, 1.2-2.4, P<0.01), matched URD BM/PBSC recipients
(HzR 1.8, 95% CI,1.1-3.0, P=0.01) and HCT-comorbidity

Minnesota GvHD Risk Score
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Table 1. Patient and transplant characteristics.
Characteristic                                  New cohort               Old cohort

Number of patients                                        355                                 1723
Year of transplant                                                                                      
1990-2000                                                                                          581 (33%)
2001-2007                                                                                         1142 (67%)
2007-2010                                                  112 (32%)                              
2011-2016                                                  243 (68%)                              
Age, years                                                                                                     
Median (range)                                      49 (<1-75)                    40 (<1-76)
Gender: male                                             221 (62%)                    1067 (62%)
Disease                                                                                                         
Acute leukemia                                       196 (55%)                     741 (43%)
CML                                                             13 (4%)                       217 (13%)
CLL/other leukemia                                 20 (6%)                         73 (4%)
MDS/MPN                                                  57 (16%)                      194 (11%)
HL/NHL                                                       20 (6%)                       236 (14%)
Other malignancies                                 10 (3%)                         69 (4%)
Non-malignant                                          39 (11%)                      193 (11%)
Donor Type                                                                                                  
HLA identical sibling                              101 (28%)                     598 (35%)
1 antigen mismatched sibling                 2 (1%)                          73 (4%)
HLA matched unrelated                         49 (14%)                      626 (36%)
1 antigen mismatched unrelated           8 (2%)                        164 (10%)
Umbilical cord blood                             195 (55%)                     262 (15%)
Conditioning                                                                                                
Myeloablative                                           178 (50%)                       37(47%)
Reduced Intensity                                  177 (50%)                      42 (53%)
Initial GvHD Grade                                                                                    
I                                                                    39 (11%)                      426 (25%)
II                                                                 188 (53%)                     953 (55%)
III                                                                108 (30%)                     311 (18%)
IV                                                                  20 (6%)                         33 (2%)
Organ involvement                                                                                    
Multi-organ                                               76 (21%)                      556 (32%)
Skin only                                                   158 (45%)                     910 (53%)
Liver Only                                                    2 (1%)                          23 (1%)
Lower GI +/- upper GI                          118 (33%)                     346 (20%)
Upper GI only                                            19 (5%)                        111 (6%)
Days from transplant to initial steroids                                               
Median (range)                                    37 (10-170)                    30 (2-178)

Follow-up (years)                                                                                      
Median (range)                                 3.2 years (0.5-9)       4.9 years (0.3-17.7)
CML: chronic myelogenous leukemia; CLL: chronic lymphocytic leukemia; MDS:
myelodysplastic syndrome; MPN: myeloproliferative neoplasm; HL: Hodgkin lym-
phoma; NHL: Non-Hodgkin lymphoma.



index (CI) score ≥3 (HzR 1.7, 95% CI,1.2-2.5, P<0.01).
There was a trend toward lower mortality in early onset
GvHD (HzR 0.71, 95% CI, 0.50-1.01, P=0.06). There were
no statistically significant interactions with other covari-
ates.
Two years after the initiation of the steroid therapy, 92

patients had developed chronic GvHD for a cumulative
incidence of 26% (95% CI 21-31%). No differences in the
incidence of chronic GvHD were observed in those with
SR or HR acute GvHD (28% verus 20%, P=0.54). Risks of
chronic GvHD, however, were significantly lower in UCB
recipients (HzR 0.6, 95% CI, 0.5-0.9, P=0.01) and in early
onset GvHD (HzR 0.95, 95% CI, 0.92-0.98, P<0.01), but
were higher in patients greater than 18 years of age ((HzR
>2.8), P≤0.01).

Discussion

We previously demonstrated that our refined multicen-
ter Minnesota GvHD Risk Score, based upon the initial
GvHD stage, serves as a better predictor of response and
survival than either our previously published GVHD Risk
Score based upon the initial GvHD grade, or the reported
Minnesota or CIBMTR GvHD grading systems.14 To vali-
date this refined Minnesota GvHD Risk Score, we exam-
ined a new, contemporary cohort of patients with acute
GvHD treated at the University of Minnesota. This new
cohort had a greater proportion of patients receiving RIC

and more UCB recipients. Our results confirm that the
Minnesota GvHD Risk Score, based upon the initial
GvHD stage, is a valuable and immediately available bed-
side tool to define the risk in patients with acute GvHD.
It also predicts the outcomes of response, survival and
TRM better than other published GvHD Risk Scores
determined by clinical grading criteria. These data suggest
that a tailored approach to upfront GvHD therapy based
upon this Minnesota acute GvHD Risk Score and other
risk factors should be considered in order to improve out-
comes and to plan novel treatment studies in patients with
acute GvHD. 
In 1974, the Glucksberg grading system was developed

by examining the clinical severity of acute GvHD in 43
adult patients who received matched sibling donor
(MSD) transplants after myeloablative conditioning from
1969-1973.15 This grading system was later modified, but
in all iterations, grade III-IV acute GvHD was considered
high risk. 4,12,16 In 1997, the CIBMTR grading system
was developed from 2129 adult who received MSD trans-
plants after myeloablative conditioning from 1986-1992,
and patients with grades C and D are deemed high risk
based upon subsequent survival, yet GvHD treatment
response was not examined.3 However, clinical observa-
tions suggest there are some patients with grade III
GvHD who do well while some patients with grade II
GvHD fare poorly.  
We first attempted to better identify HR acute GvHD at

diagnosis by examining the outcomes of 864 patients at
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Figure 2. Cumulative incidence of TRM at 6 months after onset of steroid therapy by Minnesota GvHD Risk Score.  

Table 2. GvHD organ stage at onset of steroid treatment.
Organ Stage                                                   0                                   1                                 2                               3                              4

Skin                                                                      121 (34%)                             26 (7%)                           52 (15%)                      150 (42%)                        6 (2%)
Liver                                                                    343 (97%)                              7 (2%)                              2 (1%)                            2 (1%)                         1 (<1%)
Lower GI                                                             200 (56%)                            37 (10%)                          56 (16%)                       48 (14%)                        14 (4%)
Upper GI                                                             232 (65%)                           123 (35%)                                                                                                                 
                                                                                                                                                                                                                                                               

P<0.01

Months after initiation of steroid GvHD therapy



the University of Minnesota using a combined Minnesota-
CIBMTR grading system devised by combining the initial
GvHD grade as determined by the Minnesota and the
CIBMTR grade.14 Patients with this HR GvHD were less
likely to respond to steroid therapy and had a twofold
increased risk of TRM compared to patients with SR
GvHD. Thirty-three percent of the HR group in the
Minnesota GvHD scoring system and 79% of the HR in
the CIBMTR system were reclassified as being SR.14
We tested this reported GvHD Risk Score, in a larger,

multicenter and heterogeneous group of 1723 patients
who received steroids as initial systemic therapy for acute
GvHD.1 However, recognizing the variability in GvHD

grading across sites, we then examined the details of ini-
tial GvHD organ stage combinations to determine
whether stage groupings would better identify the
patients at the highest risk than GvHD grading. We divid-
ed the 1723 patients into 67 categories by organ stage and,
thus by the extent of GvHD involvement at onset. We col-
lapsed these categories into 17 larger categories clustered
as clinically similar cohorts with comparable CR+PR at
day 28 and evaluated these new GvHD staging categories
for CR+PR, survival, and TRM. We found a clear demar-
cation between categories according to the CR+ PR rate at
day 28 which also predicted the risks of 6-month mortali-
ty and TRM. This allowed the division of the entire cohort

Minnesota GvHD Risk Score

haematologica | 2020; 105(2) 523

Table 3. Factors associated with day 28 CR/PR, mortality and TRM: multiple regression analyses.
Factors                                                   N               Odds Ratio of Day         P         Hazard Ratio of 2              P            Hazard Ratio of 2             P
                                                                                     28 CR/PR                            year Mortality                                   year TRM 
                                                                                       (95% CI)                                   (95% CI)                                          (95% CI)

Age                                                                                                                                        NS                                                           NS
<18*                                                                65                                1.0                                                      1.0                                                              1.0
18-35**                                                           50                        2.2 (0.8-6.0)                                      0.7 (0.4-1.3)                                             0.6 (0.3-1.1)                   0.09
36-59                                                               151                      1.2 (0.5-2.5)                                      0.8 (0.5-1.3)                                             0.5 (0.3-0.9)                   0.02
60+                                                                  89                        1.1 (0.5-2.5)                                      1.1 (0.6-2.0)                                             0.9 (0.5-1.5)                   0.59
HCT-CI                                                                                                                                 NS                                                                                                                            NS
0*                                                                    172                               1.0                                                      1.0                                                              1.0
1-2                                                                    88                        1.0 (0.5-1.8)                                      0.9 (0.6-1.4)                    0.66                  0.9 (0.5-1.5)
3+                                                                    95                        1.2 (0.6-2.1)                                      1.7 (1.2-2.5)                  <0.01           1.5 (1.0-2.3)                       
Donor Type
Sibling*                                                          103                               1.0                                                      1.0                                                              1.0
Matched URD                                                49                        0.3 (0.2-0.7)          <0.01            1.8 (1.1-3.0)                   0.02                 2.0 (1.1-3.5)                   0.02
Mismatched URD                                          8                        1.9 (0.3-10.4)               0.48               1.0 (0.4-3.0)                    0.95                  1.0 (0.3-3.4)                   0.98
Single UCB                                                     54                        3.6 (1.4-9.2)               0.01              0.8 (0.4-1.4)                    0.41                  0.4 (0.2-1.0)                   0.04
Double UCB                                                  141                      1.9 (1.0-3.5)               0.04              1.2 (0.8-1.8)                    0.38                  1.2 (0.7-1.9)                   0.57
Weeks from HCT to Initial Steroid Rx                               1.02 (0.96-1.08)              NS            0.71 (0.50-1.01)                 0.06              0.92 (0.87-0.97)               0.05
Continuous (/week)                                                                             
GVHD Risk†                                                         
Standard Risk*                                             276                               1.0                                                      1.0                                                              1.0
High Risk                                                        79                        0.5 (0.3-0.9)                                      1.7 (1.2-2.4)                  <0.01               1.8 (1.1-2.7)                  0.01
Bold indicates statistical significance. *Reference group †Standard Risk: single organ involvement (stage 1-3 skin or stage 1-2 GI) or two organ involvement (stage 1-3 skin plus
stage 1 GI; or stage 1-3 skin plus stage 1-4 liver).  All other patients are High Risk.

Figure 3. Cumulative incidence of TRM at 6
months after onset of steroid therapy by
response to steroids at day 28.  

P<0.01



into SR-GvHD and HR-GvHD groups to define our
refined acute Minnesota GvHD Risk Score.1 As measured
by the net reclassification index, our refined definition of
GvHD improved both the true-positive and false-positive
rates among our study population.1  
In the current report including an independent contem-

porary cohort, even though with some differences in clin-
ical characteristics, we now validate this Minnesota
GvHD Risk Score, demonstrating prognostic utility that
remains reliable in the new cohort. While biomarkers can
associate with later outcomes, their assay takes time and
requires measurement accuracy of a variety of reported
indicators. Our clinical risk score should be the immedi-
ate and initial step in tailoring GvHD therapy, as it can be
performed in real time. 
The approach of stratification by this Minnesota GvHD

Risk Score and later adjustment by biomarkers was used
prospectively for the first time to establish eligibility cri-
teria in the BMT CTN Protocol 1501, a randomized,
phase II trial evaluating sirolimus versus prednisone in
patients with SR GvHD.17 Of 122 patients classified by
the Minnesota Risk Score at enrollment as having SR
acute GvHD, only 4 patients (3%) were deemed high risk
by the biomarkers. Thus, we confirmed the accuracy of

the Minnesota Risk Score using bedside GvHD risk
assessment.
Further prospective trials using the Minnesota GvHD

Risk Score along with informative and reliable biomarker
results if available quickly are needed to better explore the
GvHD risk. Additional studies using clinical classifiers
supplemented with biomarkers may be of interest. A tai-
lored approach to upfront acute GvHD therapy based
upon the Minnesota GvHD Risk Score should be consid-
ered in order to improve outcomes in patients with acute
GvHD. It may also improve risk stratification for future
trials of initial GvHD therapy.
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