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We studied the incidence of acute graft versus host disease (GvHD) and its 
outcome in three consecutive time frames (year <2000; 2000–2010; >2010), 
in 3,120 patients allografted in two transplant Centers between 1976 and 2020. 
The median age increased over the three periods from 32 to 42 to 54  years 
(p  <  0.00001). The median day of onset of GvHD in the three periods was day 
+14, day +16, and day +30, respectively (p  <  0.0001). The cumulative incidence 
(CI) of GvHD grades II–IV in the three periods was 47, 24, and 16%, respectively 
(p  <  0.00001). The CI of GvHD grades III–IV was 13, 5, and 4% (p  <  0.001). In 
multivariate analysis, significant predictive factors for GvHD II–IV, on top of year 
of transplant, were anti-thymocyte globulin (ATG) (RR 0.67, p  >  0.001); post-
transplant cyclophosphamide (PTCY) (RR 0.41, p  <  0.001), a family mismatched 
donor (RR 1.31, p  =  0.03) a matched unrelated donor (RR 2.1, p  <  0.001), an 
unrelated mismatched donor (RR1.8, p  =  0.001), donor age above 40  years (RR 
1.27, p  <  0.001), hematological malignancy—as compared to aplastic anemia (RR 
2.3, p  <  0.001). When selecting only GvHD grade II, in a multivariate analysis, 
there was a significant reduction of transplant-related mortality (TRM) for 
patients grafted in 2001–2010 (RR 0.62, p  <  0.0001) and for patients grafted in 
2011–2020 (RR 0.35, p  <  0.0001) as compared to grafts before the year 2000. 
A similar reduction in time was seen for patients with GvHD grades III–IV. The 
overall TRM in the three periods was 30, 22, and 16% (p  <  0.0001) and survival 
was 47, 51, and 58% (p  <  0.0001). Relapse risk was unchanged. In conclusion, 
we  showed improved prevention of acute GvHD with time, together with 
a significant delay in the onset of the disease. Treatment of GvHD has also 
improved over time, as suggested by both reduced TRM and improved survival 
in more recent transplant periods.
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1 Introduction

Acute graft versus host disease (GvHD) is a major complication 
of allogeneic HSCT and represents a significant cause of morbidity 
and mortality (1). The incidence of acute GvHD grades II–IV 
varies according to GvHD prophylaxis, and to the propensity to 
use in vivo T cell depletion with anti-thymocyte globulin (ATG) (1, 
2). Other risk factors for acute GvHD are HLA mismatch, together 
with increased age of both donor and recipient, gender disparity, 
multiparous female donor, the intensity of the conditioning 
regimen, and the source of the graft (2, 3). GvHD prophylaxis has 
changed significantly over the past decades (4, 5) and one would 
expect the incidence and severity of acute GvHD to be reduced in 
current transplant programs: In one study, the incidence of GVHD 
grades II–IV and III–IV was 40 and 19% for patients grafted in 
1990–1995, versus 28 and 11%, respectively, in those grafted during 
the period 2011–2015 (2). Acute GvHD used to be defined as an 
event occurring within day +100 after transplantation: the National 
Institute of Health Consortium has redefined GvHD as classic, late, 
and overlap with chronic GvHD, with no time constraint (6). An 
exception to the latter statement is hyperacute GvHD, which 
occurs within the first 2 weeks after transplant and has been 
associated with HLA mismatch, lower response rate to first-line 
therapy, and higher mortality (7). Acute GVHD is clinically graded 
as I to ΙV, based on the extent of skin, liver, and gut involvement, 
according to the well-known Glucksberg criteria (8); a refined 
grading system has recently been proposed by the Mount Sinai 
Acute GvHD Consortium (MAGIC) consortium (9). The grade of 
acute GvHD has a significant impact on transplant-related 
mortality (TRM) with wide variation from less than 10% for grade 
I to over 50% for grade IV (1–4). The combination of a calcineurin 
inhibitor (such as cyclosporin-CSA or tacrolimus-FK) with 
methotrexate (MTX) is considered standard prophylaxis (10), but 
the recent introduction of post-transplant high-dose 
cyclophosphamide (PTCY) (11) is rapidly changing the landscape, 
as also shown in a recent prospective randomized trial (12).

We are now reporting the cumulative incidence of acute GvHD in 
three consecutive time periods (<2000; 2001–2010; >2010) in a 
relatively large cohort of patients, looking at predictive factors 
and outcomes.

2 Methods

This is a retrospective study of patients allografted in two 
transplant Centers: Ospedale San Martino Genova and Policlinico 
Gemelli, Rome. Patients gave their informed consent for the 
collection of transplant data for local, national, and international 
databases, provided this would be  performed for research 
purposes. Documentation and sharing of transplant procedures are 
a requisite of National and International Governing Agencies. The 
data were collected prospectively by physicians in the 
transplant unit.

The aim of the study was to analyze the cumulative incidence of 
acute GvHD grades II–IV and grades III–IV in three different time 
periods: before the year 2000; between 2000 and 2010; and after 2010. 
In addition, we studied variables that would predict the development 
and outcome of acute GvHD.

2.1 Patients

We analyzed 3,120 patients, 2,510 from Genova San Martino and 610 
from Rome Gemelli: 1234 patients were allografted between 1976 and 
2000 (39%); 927 from 2000 to 2010 (30%); and 959 after 2010 (31%). The 
number of patients in the three different time periods, in the Genova and 
Rome Unit were 113,689; 786,135, and 576,398, respectively. Clinical 
characteristics of patients, donors, and transplant procedures are outlined 
in Table 1. In the three time periods, the median age increased from 32 
(range 1–66) to 42 years (range 9–71) to 54 years (range 12–74) (<0.00001); 
the use of family mismatched donors increased from 10 to 54% (p < 0.001).

GvHD prophylaxis has changed over time (Table 1). Before the 
year 2000, methotrexate- and cyclosporine-based regimens (with or 
without anti-thymocyte globulin) were the preferred ones. Between 
2000 and 2010, 53% of patients underwent prophylaxis with 
MTX + CsA, 45% with MTX + CsA + ATG, and 2% with post-transplant 
cyclophosphamide (PTCy).

TABLE 1 Patient’s features in the different time frames.

<2000 2001–
2010

>2010 p-value

N. patients 1,234 927 959

Median age 32 (1–66) 42 (9–71) 54 (12–72) <0.00001

Diagnosis

NM/M diagnosisa 104/1,130 46/881 29/930 0.1

Acute leukemia (%) 335 (29) 247 (26) 235 (25) 0.8

Phase-CR (%) 271 (76) 155 (63) 154 (66) 0.0006

CML (%) 400 (32) 72 (7) 18 (2) <0.0001

MF (%) 8 (0.6) 59 (6) 102 (11) <0.000001

GvHD prophylaxis

CSA + MTX + ATG 

(%)b

208 (17) 419 (45) 208 (22) <0.0001

PTCY (%)c 0 18 (2) 562 (59) <00001

CSA + MTX (%)d 1,026 (83) 490 (53) 189 (19) <0.0001

Donor age 33 (2–69) 36 (11–75) 35 (13–68) 0.003

Donor type

Sibling (%) 955 (77) 450 (49) 208 (22) <0.000001

Family MM (%)e 123 (10) 95 (10) 520 (54) <0.000001

Unrelated M (%)f 142 (11) 211 (23) 119 (12) <0.000001

Unrelated MM (%)g 15 (3) 171 (18) 112 (12) <0.000001

Stem cell source

Bone marrow 1,106 593 657 <0.000001

Peripheral blood 128 224 277 <0.000001

Cord blood 0 110 25 <0.000001

NM, non-malignant; M=lalignant:Phase-CR, early phase or complete remission; CML, 
chronic myeloid leukemia; MF, myelofibrosis; CSA MTX ATG, cyclosporin, methotrexate, 
anti-thymocyte globulin; family MM, family mismatched; unrelated M, unrelated matched; 
unrelated MM, unrelated mismatched.  
aNon-malignant/malignat diagnosis.
bCiclosporine + methotrexate + thymoglobuline.
cPost transplantation cyclophosfamide.
dCiclosporine + methotrexate.
eFamily mismatched.
fUnrelated matched.
gUnrelated mismatched.
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After the year 2010, the most used regimen was PTCY 
(PtCy = 59%; MTX + CsA = 20%; MTX + CsA + ATG = 21%) (Table 1).

2.2 Statistical analysis

The NCSS 19 for Windows (Kaysville, UT, United States) was 
used for contingency tables, rank sum test, cumulative incidence 
(CI) rates, and Kaplan–Meier survival curves. When calculating 
the CI of transplant-related mortality (TRM), the competing risk 
was relapsed, and vice versa. When calculating the CI of GvHD, 
the competing risk was death without GvHD. The log-rank test was 
used for differences between survival curves; the Grays’ test was 
used to assess differences between cumulative incidence curves, in 
univariate analysis. A multivariate Cox analysis on the risk of 
developing acute GvHD grades II–IV was developed with the 
following variables: donor and recipient age, conditioning regimen 
intensity (myeloablative versus reduced intensity), GvHD 
prophylaxis, donor type, stem cell source, and diagnosis (malignant 
versus non-malignant). A multivariate Cox model was also used to 
analyze variables influencing TRM. We also studied the survival 
and transplant mortality of patients with acute GvHD in the three 
time periods. The same was performed for the CI of acute GvHD 
grades III–IV.

3 Results

3.1 Incidence of acute GvHD

The cumulative incidence (CI) of acute GvHD grades II–IV has 
changed over the years: it was 47% before 2000, 24% between 2000 
and 2010, and 16% after 2010 (p < 0.00001) (Figure 1A). The CI of 
acute GvHD grades III–IV was 13%, 5%, and 4%, respectively 
(p < 0.001) (Figure 1B). The CI of GvHD grade II was 40%, 20%, 

and 12% during the three periods (p < 0.001). The incidence of 
GvHD grades II–IV and III–IV was almost identical in the two 
transplant Units, in the three time periods. In a multivariate Cox 
analysis on the risk of developing GvHD grades II–IV, significant 
predictors were the year of transplant, the addition of ATG to 
CSA + MTX for GvHD prophylaxis, the combination 
PTCY+CSA + MMF, donor type, donor age over 40 years, an 
unrelated donor as compared to HLA identical siblings, and a 
malignant disease as compared to aplastic anemia (Table  2). 
Non-significant predictors were recipients’ age, conditioning 
intensity (MAC/RIC), donor and recipient gender, and transplant 
Unit. Comparable data were obtained when looking at the risk of 
developing grades III–IV acute GvHD. Reduction of GvHD with 
time was seen in the HLA and also in the HLA 
mismatched transplants.

3.2 GvHD timing

The onset of acute GvHD is delayed over time: the median day of 
onset before the year 2000 was day +14 (range 2–90), between 2001 
and 2010 it was day +19 (range 2–98), and beyond the year 2010 it was 
day +33 (range 2–98) (p < 0.0001) (Figure  2). Hyperacute GvHD, 
developing before day 14 from transplant, was diagnosed in 237 
patients before year 2000, 71 patients between 2001 and 2010, and 8 
patients beyond 2010 (p < 0.0001).

3.3 Transplant-related mortality

The 5-year CI of TRM for all patients in the three periods was 
30%, 22%, and 16% (p < 0.00001) (Figure 3A). In a univariate analysis, 
there was no significant effect of the year of transplant on TRM for 
patients with GvHD grade II (28%, 26%, and 23%, respectively, 
p = 0.3). In a multivariate analysis on TRM patients with GvHD grade 

FIGURE 1

(A) Cumulative incidence of acute GvHD grades II–IV, with a significant reduction in three time periods (<2000, 2001–2010, >2010). (B) Cumulative 
incidence of acute GvHD grades III–IV: again a significant reduction in three time periods (<2000, 2001–2010, >2010).
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II, positive predictive factors were transplants in 2000–2010 (RR 0.62, 
p < 0.0001) and 2011–2020 (RR 0.35 p < 0.0001), patients aged 
≤50 years (p < 0.0001), and HLA identical sibling donors (Table 3). 
When selecting GvHD grades III–IV, TRM was 79%, 49%, and 58% 
in the three periods, with no change beyond the year 2010. In 
multivariate analysis, there was a significant reduction of TRM for the 
two more recent transplant periods as compared to transplants before 
the year 2000: 2000–2010 (RR 0.41, p < 0.00001) and year 2011–2020 
(RR 0.45, p = 0.005).

3.4 Overall survival

The actuarial 5-year survival for all patients was 47%, 51%, and 
58% in the three time periods, respectively (p = <0.000001) 
(Figure 3B). In multivariate analysis on survival, predictive variables 
were a mismatched family donor (RR 1.65, p < 0.001), a matched 
unrelated donor (RR 1.36, p = 0.0007), a mismatched unrelated donor 

(RR 1.71, p < 0.00001), an unrelated cord (RR1.53, p = 0.0005), an 
advanced disease phase (RR 2.0, p < 0.00001), recipient age > 40 
(RR1.28 p < 0.0001), the use of PTCY (RR 0.6, p = 0.003), year of 
transplant 2000–2010 (RR 0.80, p = 0.008), and year of transplant 
2011–2020 (RR 0.50, p < 0.00001).

3.5 Overall survival in patients with GvHD 
grades II–IV

In univariate analysis, there was no effect of the year of transplant 
on survival for patients with GvHD grade II (52%, 44%, 56%, p = 0.3), 
and clinically non-significant change in survival for GvHD grade III–
IV patients (15%, 30%, and 20%, p = 0.003), the most recent period 
being worse than the previous.

In a multivariate analysis on survival for patients with GvHD grade 
II, prognostic factors were disease phase beyond complete remission (RR 
2.0, p < 0.00001) followed by patients age > 40 years (RR 1.53, p = 0.001), 
year of transplant 2011–2020 as compared to <2000 (RR 0.59, p = 0.01), 
and a family mismatched donor (RR1.50, p = 0.01). For patients with 
GvHD grades III–IV, predictive factors in multivariate analysis were the 
year of transplant 2000–2010 (RR 0.49, p = 0.0001), use of PTCY (RR 0.26, 
p = 0.002), patients age > 40 (RR 1.60, p = 0.008), a family mismatched 
donor (RR 1.83, p = 0.005), and donor age > 40 (RR 1.61, p = 0.01).

3.6 Relapse

The CI of relapse in the three periods for acute leukemia in the first 
complete remission was 23%, 29%, and 21% (p = 0.2). In a multivariate 
Cox analysis, GvHD had no protective effect on acute leukemia in first 
remission (RR 0.9, p = 0.7). Grades II–IV did have a protective effect 
on relapse in patients other than acute leukemia (RR 0.80, p = 0.003).

3.7 Causes of death

In patients with GvHD grade 0-I or II-IV the causes of death were 
the following: acute GvHD 1% and 17% respectively; infections 9% and 
19%; chronic GvHD 1% and 9%; relapse 21% and 20% respectively.

TABLE 2 Multivariate logistic regression analysis on GvHD II–IV-significant predictors.

Variable Baseline Compared RR (95% CI) p-value

Year of TX <2000 2001–2010 0.37 0.26–0.54 <0.00001

>2010 0.39 0.24–0.64 0.0002

Prophylaxis CSA + MTX +ATG 0.65 0.63–0.79 <0.00001

PTCY +CSA + MMF 0.42 0.22–0.96 0.03

Donor type HLA id SIB Fam.mismatched 1.33 0.83–1.10 0.2

UD matched 2.1 1.69–2.61 <0.00001

UD mismatched 1.9 0.92–3.90 0.08

UD cord blood 0.63 0.14–2.67 0.53

Donor age <40 years ≥40 years 1.52 1.17–1.99 0.001

Diagnosis SAA Malignancies 1.61 1.18–2.20 0.002

Year of Tx, year of transplant; CsA, cyclosporine; MTX, methotrexate; ATG, anti-thymocyte globulin; PTCY, post-transplant cyclophosphamide; UD, unrelated donor; CB, cord blood; SAA, 
severe aplastic anemia.

FIGURE 2

Box plots of the interval between transplantation and the onset of 
acute GvHD in three different time periods: a delay of GvHD onset is 
seen from day +14 to day +19 to day +33 in the most recent period 
(p  <  0.00001).
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4 Discussion

In 2010, the Seattle group reported a significant reduction in 
TRM, comparing two separate time periods (1993–1997 and 2003–
2007): this was thought to be due, among others, to better GvHD 
prophylaxis and better management of infections (13). We  have 
confirmed in this study that the cumulative incidence of acute 
GvHD has decreased with time, most possibly as a consequence of 
changes in GvHD prophylaxis. Survival of patients with acute GvHD 
grade II and grades III–IV has improved over time. Relapse has 
remained unchanged, and TRM has been reduced. As a consequence, 
there has been a significant improvement in overall 5-year survival 
with time.

As to the first finding, we were pleased to see a very significant 
reduction of acute GvHD, in both grades II–IV, and grades III–IV, 
despite older patients’ age, and greater use of alternative donor grafts: 
the reduction was very significant in the period 2001–2010 (as 
compared to <2000) (p < 0.00001) and also in the period 2011–2020 

(p < 0.00001). In addition, we could document a significant delay in 
the median time to onset of GvHD from day 13 before the year 2000 
to day 33 beyond the year 2010. We believe that the reduction of 
GvHD has occurred with changes in GvHD prophylaxis. The addition 
of ATG started in the late 90s, mostly for patients with unrelated 
donor transplants (14–16): in multivariate analysis, the addition of 
ATG to CSA MTX, results in a relative risk of grades II–IV GvHD of 
0.65 (p < 0.00001) and a RR of 0.45 (p < 0.00001) for GvHD grades 
III–IV. The other major change in prophylaxis has been the addition 
of PTCY (11, 12, 16) but only for patients receiving a haploidentical 
transplant: It is rather surprising that, despite mismatched family 
grafts have a higher risk of GvHD grades II–IV and III–IV, PTCY 
shows a borderline significant protective effect of 0.71 (p = 0.06). Other 
variables predictive of GvHD are older donor age and matched 
unrelated grafts as compared to identical siblings. So the first 
conclusion is that GvHD prophylaxis has improved and we  are 
currently running a 16% incidence of GvHD grades II–IV in our most 
recent period with 959 patients, and a 4% of GvHD grades III–IV. This 

FIGURE 3

(A) Cumulative incidence of transplant-related mortality (TRM) in three time periods, with a significant reduction from 30 to 16% in most recent period. 
(B) Actuarial 5  year survival, with significant improved survival from 47 to 58%.

TABLE 3 Multivariate Cox analysis on the risk of TRM in patients with GvHD grade II.

Variable Baseline Compared RR (95% CI) p-value

Year of TX <2000 2001–2010 0.62 0.39–0.78 <0.00001

>2010 0.35 0.23–0.59 <0.00001

Prophylaxis CSA + MTX +ATG 1.18 0.98–1.42 0.07

PTCY +CSA + MMF 0.88 0.40–1.90 0.7

Donor type HLA id SIB Fam.mismatched 1.68 1.01–1.67 <0.00001

UD matched 1.45 1.69–2.61 0.001

UD mismatched 1.8 1.24–2.60 0.0006

UD cord blood 0.59 0.49–0.71 0.001

Donor age ≤40 years >40 years 1.14 0.99–1.32 0.05

Diagnosis SAA Malignancies 1.61 1.18–2.20 0.002

Recipient age ≤50 years >50 years 1.48 1.28–1.71 <0.00001

Year of Tx, year of transplant; CsA, cyclosporine; MTX, methotrexate; ATG, anti-thymocyte globulin; PTCY, post-transplant cyclophosphamide; UD, unrelated donor; CB, cord blood; SAA, 
severe aplastic anemia.
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is somewhat lower than what is seen in other studies: in a recent 
registry study on over 100.000 patients, the lowest rate of GvHD 
grades II–IV and III–IV is 28% and 11%, respectively, in the most 
recent period 2011–2015 (2).

If better prophylaxis has resulted in lower GvHD incidence, the 
question then is, has treatment also improved? In univariate 
analysis, looking at the impact of transplant era on TRM in patients 
with GvHD grade II, there was no significant change in TRM in 
the three periods (28%, 26%, and 23%, respectively, p = 0.3); 
similarly for patients with GvHD grades III–IV TRM was 76%, 
48%, and 59%, respectively, with a reduction beyond the year 2000, 
but not further beyond the year 2010. However, we reasoned that 
patients’ age has significantly increased together with the use of 
alternative donors: both these two variables are negative predictors 
of TRM and survival. Thus, when looking at patients with grade II 
GvHD in a multivariate analysis, including patients’ age and donor 
type as covariates, the year of the transplant was a highly significant 
predictor of TRM, with a relative risk of 0.62 and 0.35 for the year 
2000–2010 and 2011–2020, compared to patients grafted before 
year 2000. What has been the reason for reduced TRM, in patients 
with active GvHD, is difficult to assess: ruxolitinib (17) for the 
treatment of GvHD was not used currently before 2020, and clearly 
not before 2010. We have been using an anti-CD26 antibody in a 
significant number of refractory GvHD patients, with encouraging 
response rates (18). However, there has also been improvement in 
supportive care, and in anti-infectious therapy, which may have 
contributed to improved outcomes. In patients with GvHD grades 
III–IV, there was a significant reduction of TRM beyond the year 
2000, but not really beyond the year 2010. Other predictive 
variables of TRM in patients with grades II and III–IV GvHD are 
younger patients’ age and an HLA identical sibling donor.

GvHD grades II–IV GvHD did not have a protective effect on 
relapse in patients with acute leukemia in first remission, nor acute 
leukemia with advanced disease. There was a protective effect of 
GvHD on relapse in patients other than acute leukemia (RR 0.81), but 
the detrimental effect on TRM was stronger (RR 1.43).

The third finding is reduced overall TRM, which paralleled 
reduced GvHD, despite increasing patients’ age and increasing use 
of alternative donors: We  believe this has been the result of 
improved GvHD prophylaxis, together with improved supportive 
care, including diagnosis and treatment of bacterial, fungal, and 
viral infections. The lack of a protective effect of reduced intensity 
regimens may be  due to the fact that older age is a negative 
predictor, and older patients are more likely to receive reduced 
intensity regimens. Overall the cumulative incidence of relapse has 
remained unchanged over time, and therefore, with a reduction of 
TRM, the 5-year survival has improved from 47% before year 
2000, to 58% in the period 2011–2020. This figure is in keeping, 
with a report showing an overall 3-year survival of 54% (2). The 
limitations of this study include the lack of data on different organ 
involvement in patients with different severity of GvHD and the 
fact that no analysis was performed on chronic GvHD. We are 
planning a study on chronic GvHD, since some reports actually 
report an increase of this complication in recent years, especially 
due to the widespread use of peripheral blood as a stem cell source.

In conclusion, we  confirm a reduced incidence and 
delayed onset of GvHD with time. Treatment has also 

improved as suggested by reduced TRM and improved survival, 
in a multivariate analysis, taking into consideration the current 
older patient population grafted from alternative donors. This is 
true for patients with GvHD grade II and grades III–
IV. Nevertheless, a TRM in excess of 20% for GvHD grade II and 
in excess of 50% for GvHD grades III–IV, in the most recent 
transplant period, shows the need for more effective therapy. 
We shall see whether the use of new approved therapeutic options, 
such as ruxolitinib (17), will finally reduce transplant mortality in 
patients who develop GvHD.
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