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A B S T R A C T
Steroid-refractory acute graft-versus-host disease (SR-aGvHD) is a severe complication in pediatric allogeneic hemato-
poietic stem cell transplantation (HSCT). We aimed to assess clinical course and outcomes of pediatric SR-aGvHD. We
performed a retrospective nationwide multicenter cohort study in the Netherlands. All patients aged 0 to 18 years
who underwent transplantation between 2010 and 2020 with SR-aGvHD were included. For each patient, weekly clin-
ical aGvHD grade and stage, immunosuppressive treatment and clinical outcomes were collected. The primary study
endpoint was the clinical course of SR-aGvHD over time. As a secondary outcome, factors influencing overall survival
and SR-aGvHD remission were identified using a multistate Cox model. 20% of transplanted children developed grade
II-IV aGvHD, of which 51% (n = 81) was SR-aGvHD. In these patients, second-line therapy was started at a median of
8 days after initial aGvHD-diagnosis. Forty-nine percent of SR-aGvHD patients received 3 or more lines of therapy. One
year after start of second-line therapy, 34 patients (42%) were alive and in remission of aGvHD, 14 patients (17%) had
persistent GvHD, and 33 patients (41%) had died. SR-aGvHD remission rate was lower in cord blood graft recipients
than in bone marrow (BM) or peripheral blood stem cell (PBSC) recipients (hazard ratio [HR] = 0.51, 0.27-0.94,
P = .031). Older age was associated with higher mortality (HR = 2.62, 1.04-6.60, P = .04, fourth quartile [aged 13.9-
17.9] versus first quartile [aged 0.175-3.01]). In BM/PBSC recipients older age was also associated with lower remission
rates (HR = 0.9, 0.83-0.96, P = .004). Underlying diagnosis, donor matching or choice of second-line therapy were not
associated with outcome. Respiratory insufficiency caused by pulmonary GvHD was a prominent cause of death (26%
of deceased). Our study demonstrates that SR-aGvHD confers a high mortality risk in pediatric HSCT. Older age and
use of CB grafts are associated with an unfavorable outcome. Multicenter studies investigating novel treatment strate-
gies to prevent pediatric SR-aGvHD and inclusion of children in ongoing trials, together with timely initiation of sec-
ond-line interventions are pivotal to further reduce GvHD-related mortality.

© 2022 The American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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Acute graft-versus-host disease (aGvHD) is a major compli-
cation in pediatric patients after allogeneic hematopoietic
stem cell transplantation (HSCT). More than half of the
patients that develop aGvHD � grade II do not respond to first-
line systemic corticosteroid treatment (steroid refractory [SR])
[1-3], resulting in considerable morbidity and mortality [4,5].

There is a broad choice of therapies for SR-aGvHD including
mycophenolate mofetil (MMF) [6,7], TNF-a inhibitors [8-13],
Janus kinase/signal transducer and activator of transcription
inhibitors [14-20], a4b7-integrin inhibitors [21-24], T-cell
inhibitors [25-27], anti-CD52 antibodies [28,29], CD25 inhibi-
tors [30-32], IL-6 inhibitors [33-35], and mesenchymal stromal
cells (MSCs) [36]. There are no prospective studies that evalu-
ate which second-line treatment is most effective in children
with aGvHD refractory to first-line high-dose corticosteroids.
As a result, there is a lack of standardization in the
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management of pediatric SR-aGvHD, leading to a high variabil-
ity in second-line treatment worldwide [37]. To establish more
effective treatment strategies, it is important to meticulously
evaluate current practices and outcomes over time.

In this retrospective multicenter cohort study, we evalu-
ated the efficacy and safety of second-line treatment in chil-
dren with grade II-IV SR-aGvHD after HSCT over the last
10 years in the Netherlands. In addition to endpoints such as
aGvHD remission and survival, we report on aGvHD grade and
staging in response to second-line therapy over time. This pro-
vides a detailed insight into the clinical course of SR-aGvHD in
pediatric patients. Finally, we identified predictive factors
for survival and SR-aGvHD remission using a multistate Cox
model.
METHODS
We performed a retrospective nationwide cohort study in the 2 centers

for pediatric HSCT in the Netherlands: the Willem-Alexander Children’s Hos-
pital/Leiden University Medical Center and the Princess M�axima Center for
Pediatric Oncology/ Wilhelmina Children’s Hospital, UMC Utrecht. All
patients aged 0 to 18 years who suffered from grade II-IV SR-aGvHD between
January 2010 and July 2020 were included in this study. There were no exclu-
sion criteria.

SR disease was defined as progression of aGvHD within 3 to 5 days of
first-line therapy initiation with �2 mg/kg/d of prednisone or failure to
improve within 5 to 7 days after treatment initiation or incomplete response
after more than 28 days of immunosuppressive treatment including steroids,
according to the European Group for Blood and Marrow Transplantation�Na-
tional Institutes of Health�Center for International Blood and Marrow Trans-
plant Research (CIBMTR) Task Force position statement [38]. Data were
collected by retrospective medical chart review. Onset of SR disease was
determined by the treating physician’s diagnosis and/or recorded disease
progression of each patient, as well as medication prescription data. Substitu-
tion of the initial GvHD prophylaxis for a similar agent (cyclosporine, siroli-
mus, tacrolimus, MMF, or basiliximab) was not considered initiation of a new
line of therapy. Only when one of these agents was added on top of already
existing GvHD prophylaxis, it was considered a new line of therapy. Different
therapeutic agents were categorized as combination therapy if they were
started within 3 days of each other.

For each patient, weekly clinical aGvHD grade and stage were collected
from the start of aGvHD until the occurrence of persistent remission, onset of
chronic GVHD, or death. Both centers used the same institutional guidelines
for aGvHD diagnosis and therapy. Grade and stage of aGvHD were copied
from the medical chart if available, and otherwise retrospectively determined
using the modified Glucksberg criteria (as used by the CIBMTR) based on per-
centage of affected skin reported at least weekly after physical examination
by a supervising physician during grand rounds, stool volumes per m2 body
surface area recorded in daily digital nurse charts or bilirubin value available
in digital laboratory records [39]. In case of missing data, the most recent
known grade was imputed. Persistent remission was defined as grade 0
aGvHD (stage 0 in all organs) without relapse of aGvHD symptoms after
tapering of immunosuppressive therapy [38]. Presence of chronic GvHD was
determined based on the treating physician’s diagnosis and medical chart
review based on 2005 NIH consensus criteria [40] and categorized as either
quiescent or progressive [38].

Matching of the stem cell donor (peripheral blood [PBSC], bone marrow
[BM], or cord blood [CB]) was characterized with high-resolution HLA typing
according to 10 alleles of five loci (HLA-A, B, C, DRB1, DQB1) where available.
For CB transplantations without complete high-resolution-typing (N = 5),
matching was based on serological typing for HLA-A and -B and high-resolu-
tion-typing for HLA-DRB1 (6 alleles). Donor types included matched related
(10/10 HLA matching), matched unrelated (10/10 or 6/6 HLA matching) and
mismatched unrelated (less than 10/10 or 6/6 HLA matching).

Furthermore, data on all lines of immunosuppressive treatment, readmis-
sions, intensive care unit (ICU) admissions, viral reactivations, infections
(excluding line associated coagulase-negative staphylococci infections), serious
adverse events and complications during the first year since onset of SR dis-
ease were collected. GvHD prophylaxis regimens for BM and PBSC transplanta-
tions consisted generally of a calcineurin inhibitor (cyclosporine/tacrolimus)
with or without methotrexate or MMF. In the CB transplantation setting, a
combination of a calcineurin inhibitor and prednisone 1 mg/kg was used, with
the addition of MMF in case of an higher anticipated aGvHD risk. Serotherapy
included treatment with either anti-thymocyte globulin or alemtuzumab.
Infection prophylaxes were given per protocol and included HSV prophylaxis
with valacyclovir until engraftment, VZV prophylaxis until 6 to 12 months
after transplantation, gut decontamination antibiotics until engraftment, and
in case of active gut aGvHD, oral yeast prophylaxis until engraftment and sys-
temic anti-fungals for high-risk or aGvHD patients receiving more than
0.5 mg/kg steroids in combination with other lines of immune suppression.
Viral reactivations were monitored by weekly viral load evaluation. Diagnosis
of lower respiratory tract infections was either culture proven or presumed
based on imaging. Bronchiolitis obliterans syndrome (BOS) was defined as
diagnosed by typical HRCT changes, such as bronchial wall thickening, air trap-
ping, or bronchiectasis, in the absence of signs of infection and, whenever pul-
monary function testing could be done, abnormal pulmonary function test
results (i.e., decrease in forced expiratory volume in 1 second >20% or in
forced expiratory volume in 1 second/forced vital capacity <70%) [40,41].
Medication-related complications were defined as toxicity with direct treat-
ment consequences, either by the ceasing or switching of the medication in
question or the requirement of additional therapy.

Statistical analysis was performed in R version 4.0.3 [42]. For all analyses,
time was measured from onset of SR-aGvHD (i.e., start of second-line ther-
apy). The primary study endpoint was clinical course of SR-aGvHD over time,
represented by the proportions of patients with active aGvHD symptoms,
patients with remission of aGvHD, patients with chronic GvHD, and deceased
patients during the first year since start of second-line therapy [43].

As secondary study endpoints we aimed to investigate complication
and infection rates and to identify factors influencing overall survival
and SR-aGvHD remission using a multi-state Cox-regression model from
the mstate package [44-46]. Three different states were included in this
model: active GvHD, remission from aGvHD and death. Because predic-
tive factors for death and aGvHD remission are the main interest of this
study, chronic GvHD was not included as a separate state in our model.
Patients who developed chronic GvHD while suffering from aGvHD
remained in the “GvHD state,” whereas patients who developed chronic
GvHD after they had achieved aGvHD remission remained in the “remis-
sion state” for this analysis. Transition probabilities from one state to
another were tested in a univariate analysis using the following covari-
ates: age, gender, diagnosis, conditioning, stem cell source, donor type,
time between aGvHD diagnosis and start of second-line therapy, type of
second-line therapy, and year of transplantation, categorized as before
or after January 1, 2015. Second-line therapy options were categorized
as MSCs, TNF-a inhibition (infliximab or etanercept), a combination of
treatment modalities (“combination therapy”) or other. The statistical
methodology is explained in more detail in Supplementary Material 1.

Informed consent for the use of patients’ data for research purposes was
collected from all included patients before HSCT. The Medical Research Ethics
Committee Leiden The Hague Delft waived the need for additional specific
informed consent in both centers for the analysis of the data used in the cur-
rent study.
RESULTS
A total of 786 pediatric allogeneic HSCTs were performed in

Leiden and Utrecht between January 1, 2010, and July 1, 2020.
During this time, 158 patients (20%) suffered from grade II-IV
aGvHD, which occurred after a median of 34.5 days. Of these
158 patients, 81 patients (51%) required second-line therapy
because of absent or insufficient response to first-line treatment
with corticosteroids. The current study focuses on these 81 SR-
aGvHD patients, who all had a follow-up time until death or at
least 1 year after start of second-line therapy. Patient, transplant,
and aGvHD characteristics are summarized in Table 1. Initial
diagnosis of aGVHD occurred for 73 SR-aGvHD patients (90%)
within the first 100 days after HSCT, whereas 8 SR-aGvHD
patients (10%) developed aGvHD after more than 100 days (late
onset), either in the context of immunosuppression tapering
(N = 5) or after a stem cell boost (N = 3). The majority of patients
had grade III as their maximal aGvHD grade (56%), and the gut
was the most affected organ (77% at least stage 2 gut involve-
ment). Weekly aGVHD grade and stage were available for 1162
of 1213 (96%) evaluated weeks.

In 34 patients (42%) second-line treatment was started
within 1 week after aGvHD onset, in 36 patients (44%) after 8
to 28 days and in 11 patients (14%) after more than 28 days.
MSC therapy was the most frequently used second-line ther-
apy option (N = 38, 47%), followed by infliximab (N = 24, 30%).
In 12 patients (15%) second-line therapy consisted of a combi-
nation of 2 or 3 of the following agents: infliximab,



Table 1
Patient, Transplant, and GvHD Characteristics

Variable N = 81

Age at HSCT (median, IQR) 8.9 (3.0-13.9)
Sex

Male 47 (58%)
Female 34 (42%)

Diagnosis
Bone marrow failure 10 (12%)
Hematologic malignancy 40 (49%)
Hemoglobinopathy 4 (4.9%)
Inborn errors of immunity 16 (20%)
Inborn errors of metabolism 11 (14%)

Donor
BM/PBSC donors
Matched related 13 (30%)
Matched unrelated 19 (44%)
Mismatched unrelated 11 (26%)
CB donors
Matched related 0 (0%)
Matched unrelated 2 (5.3%)
Mismatched unrelated 36 (95%)

Graft source
Bone marrow 36 (44%)
Cord blood 36 (44%)
Cord blood + bone marrow 1 (1.2%)
Double cord blood 1 (1.2%)
Peripheral blood 7 (8.6%)

Conditioning
Myeloablative chemotherapy 64 (79%)
Busulfan�fludarabine based 43 (53%)
Treosulfan�fludarabine based 18 (22%)
Other 3 (3.7%)
Myeloablative total body irradiation 6 (7.4%)
Reduced-intensity conditioning 11 (14%)
Busulfan�fludarabine based 4 (4.9%)
Other 7 (8.6%)

Serotherapy
ATG (Genzyme) 56 (69%)
Alemtuzumab 6 (7.4%)
None 19 (23%)

Transplant number
First transplant 72 (89%)
Second transplant 8 (9.9%)
Third transplant 1 (1.2%)

Stem cell boost, Yes (at d 67, d 91, and d 114 after HSCT) 3 (3.7%)
GvHD prophylaxis

Calcineurin inhibitor (cyclosporine/tacrolimus) 7 (8.6%)
Calcineurin inhibitor + MMF/MTX 33 (41%)
Calcineurin inhibitor + prednisone 33 (41%)
Calcineurin inhibitor + prednisone + MMF 6 (7.4%)
MMF + MTX/prednisone 2 (2.5%)

Days between HSCT and aGvHD grade � II, median (IQR) 35 (24-55)
Days between aGvHD grade � II and start second-line

therapy, median (IQR)
8 (5-18)

aGvHD histologically confirmed
Yes 74 (91%)
No 7 (8.6%)

Maximum overall aGvHD grade
II 13 (16%)
III 45 (56%)
IV 23 (28%)

Maximum skin aGvHD stage
0-1 27 (33%)
2-4 54 (67%)

Maximum gut aGvHD stage
0-1 19 (23%)
2-4 62 (77%)

Maximum liver aGvHD stage
0-1 56 (69%)
2-4 25 (31%)
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vedolizumab, basiliximab, MSC, etanercept, tacrolimus and/or
ruxolitinib (Supplementary Table S1). 40 patients (49%)
required an additional line of therapy (third or more) after sec-
ond-line therapy (Supplementary Figure S1).
One year after start of second-line therapy, 34 patients
(42%) were alive and in remission of SR-aGvHD and 33 patients
(41%) had died. Fourteen patients (17%) were still experiencing
persistent GvHD symptoms 1 year after start of second-line
therapy (Table 2, Figure 1). Most patients achieved SR-aGvHD
remission after more than 28 days since start of a line of ther-
apy: 73,5% of the patients only receiving second-line therapy
(25/35), 71% of the patients receiving a third-line (5/7), and all
patients receiving a fourth-line or more (5/5). Respiratory
insufficiency (infectious and non-infectious) and multiorgan
failure from GvHD and treatment related toxicity (inlcuding
sepsis) were the most frequent causes of death (35/38 total
deaths) (Table 3). Noninfectious respiratory insufficiency
because of BOS, idiopathic pneumonia syndrome (IPS) or sus-
pected pulmonary GvHD contributed to 10 of 38 deaths (26%).

Using a multistate model, we performed a covariate analy-
sis for mortality and SR-aGvHD remission rates (Figure 2,
Table 4). In this covariate analysis, 2 patients who received a
double CB graft and a composed graft (CB with haploidentical
BM) were excluded. We found that older age was associated
with higher mortality: children aged 13.9 to 17.9 (fourth quar-
tile) had a significantly higher hazard of death compared to
children aged 0.175 to 3.01 (first quartile) (hazard ratio
[HR] = 2.62, 1.04 to 6.60, P =.04). CB graft recipients had a sig-
nificantly lower chance to reach SR-aGvHD remission than BM
or PBSC graft recipients (HR = 0.51, 0.27-0.94, P =.031) (Table 3).
When modeling the interaction of graft source and age, the
association between CB grafts and a lower chance of SR-aGvHD
remission was even stronger (HR = 0.18, 0.06-0.51, P = .001).
Older age was only associated with lower remission rates in
children receiving BM/PBSC grafts (HR = 0.9, 0.83-0.96,
P = .004). A graphical representation of the effects of graft
source and age on clinical course is shown in Figure 3.

Over the years, preferred second-line treatment in our cen-
ters shifted from MSC monotherapy to a combination of multi-
ple treatment modalities. There was no significant difference
in outcome (survival or remission rates) between patients
transplanted before or after 2015. None of the second-line
treatments were significantly superior (Table 4).

Infections within the first year since start of second-line
therapy were frequent, occurring in 65 of 81 patients (80%),
including bacterial (54% of patients), fungal (26% of patients)
and viral infections (19% of patients) and viral reactivations
(52% of patients) (Supplementary Table S2). The timing of
infections and viral reactivations relative to the start of sec-
ond-line therapy, and the GvHD activity at that time can be
found in Supplementary Table S3. BOS (14/81), thrombotic
microangiopathy (TMA) (13/81), cytopenia (12/81), and renal
insufficiency (10/81) were the most common noninfectious
complications. In total 38 patients (47%) were admitted to the
ICU at least once within the first year since start of second-line
therapy. Thirty-seven patients (46%) experienced medication
toxicity or an adverse drug reaction. In patients who were still
alive after 1 year, the median duration of the hospital admis-
sion in which SR-aGvHD was diagnosed was 29 days. The dis-
ease burden in this population was high: of the 48 patients
that were still alive 1 year after start of second-line therapy,
41 patients (85%) had experienced one or more of the follow-
ing: ICU admission, readmission, chronic GvHD/BOS, relapse
of underlying disease, Retransplantation, or secondary graft
failure.

DISCUSSION
SR-aGvHD in pediatric HSCT patients is a severe complica-

tion with a poor prognosis. Similar to other studies [16,47,48],



Figure 1. Clinical course since start of second-line therapy and traditional Kaplan-Meier survival plot.
The proportions of patients with active GvHD symptoms, patients with remission of GvHD, patients with chronic GvHD and deceased patients during the first

year since start of second-line therapy.

Table 2
Main Outcomes

Variable N = 81

Death
Overall 38 (47%)
28 days 5 (6.2%)
100 days 21 (26%)
1 year 33 (41%)
2 years 36 (44%)

Remission of aGvHD (alive and in remission)
Overall (cumulative) 46 (57%)
28 days 9 (11%)
100 days 25 (31%)
1 year 34 (42%)
2 years 38 (47%)

Chronic GvHD (alive with cGvHD)
Overall (cumulative) 22 (27%)

Progressive 10 (12%)
Quiescent 12 (15%)

28 days 0 (0%)
100 days 7 (8.6%)
1 year 13 (16%)
2 years 15 (19%)

Relapse of underlying disease 6 (7.4%)
Retransplantation 6 (7.4%)
ICU admission within first year of start second-line therapy 38 (47%)
Readmission within first year of start second-line therapy 42 (56%)

Table 3
Causes of Death

N = 38

Multi-organ failure (GvHD and treatment related toxicity) 14
Multi-organ failure (GvHD and treatment related toxicity)

and respiratory insufficiency (infectious)
1

Multi-organ failure (GvHD and treatment related toxicity)
and respiratory insufficiency (suspected pulmonary GvHD)

2

Sepsis 3
Relapse of underlying disease 2
Bronchiolitis obliterans syndrome with multiple infections 3
Respiratory insufficiency (infectious) 7

Aspergillus infection 4
Other 3

Respiratory insufficiency (non-infectious) 5
Bronchiolitis obliterans syndrome 2
Idiopathic pneumonia syndrome 2
Suspected pulmonary GvHD 1

Secondary malignancy (squamous cell carcinoma) 1
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47% of the 81 children with SR-aGvHD died in our study. There
is a lack of evidence from prospective trials to help guide clini-
cians in determining which second-line treatment is most
effective and safe in children with SR-aGvHD. Conducting clin-
ical trials in this patient group is challenging. First of all, the
number of patients with this condition is relatively low, ham-
pering required statistical power to meet envisioned end-
points. Second, because of the severity of the disease and poor
prognosis, multiple lines of treatment are often given concom-
itantly [37], possibly leading to exclusion of the trial initially
enrolled in based on formulated exclusion criteria.

Because of the lack of prospective trials, it is of vital impor-
tance to carefully review current practice. Although, in general,
survival rates are well reported, outcomes such as aGvHD
remission are often only reported at day 28 after initiation of
the investigative agent [19,49-53], which was established as
the best endpoint for treatment trials [54]. In this study we
provide a detailed description of the clinical course of a rela-
tively large group of pediatric SR-aGvHD patients during the
course of one year. Persistent remission occurred in only 9
patients before day 28 since start of second-line therapy in our
cohort (Table 2). Many patients experienced remission of their
aGvHD after day 28 since start of the most recent line of ther-
apy, which suggests that a 28-day period is too limited for the
evaluation of a therapeutic effect in SR-aGvHD.

About half of the patients in our cohort with grade II-IV
acute GvHD had steroid-refractory disease, similar to earlier
reports [1-3]. Most patients with steroid-refractory disease are
severely affected, with 84% in our study suffering from grade
III-IV GvHD. Similar to other studies [12,28,47,48,53], in our
cohort patients with SR-aGvHD have a higher prevalence of
liver involvement (36%) than patients with steroid-responsive
aGvHD. In addition to the classical GvHD target organs being
affected, many SR-aGvHD patients also suffer from other organ
dysfunction, such as kidney, lung and endocrine dysfunction
and cytopenia. This could either be due to these patients being
generally ill, treatment toxicity, infection or direct targeting by
alloreactivity. This underlines that pediatric SR-aGvHD is a
multisystem disease with a high morbidity and mortality [55],
associated with substantial healthcare use and costs [55,56].

In our cohort the TNF-a inhibitor infliximab and cell ther-
apy with MSCs were most frequently prescribed, probably
because of clinical studies in the 2 centers and the relatively
favorable toxicity profiles [8,12,36]. The increased availability



Figure 2. Multi-state survival model with transitions and transition counts. Graphical representation of the multi-state survival model used for statistical analysis of
covariates. The different states are indicated by boxes. All patients start in the GvHD state and remain in this state until a new event occurs (i.e., remission of GvHD or
death). The arrows indicate possible transitions to other states. Death is the absorbing or final state which means no further transitions are possible when a patient
has entered this state. The number of patients entering and leaving each state are depicted at the 3 different transitions. Dashed arrows indicate the number of
patients in that stage at the end of their follow-up.

Table 4
Multistate Covariates

Variable Level Outcome HR 95% CI P Value

Multistate analysis with univariate testing of covariates
Age at transplantation

Remission 0.97 0.92-1.02 .2
Death 1.06 1.00-1.12 .058

Age (categorized in quartiles)
0.175-3.01 years (1st quartile) Remission 1.0

Death 1.0
3.01-8.9 years (2nd quartile) Remission 1.76 0.83-3.75 .14

Death 1.07 0.37-3.05 >.9
8.9-13.9 years (3rd quartile) Remission 0.69 0.29-1.63 .4

Death 1.46 0.54-3.97 .5
13.9-17.9 years (4th quartile) Remission 0.59 0.23-1.50 .3

Death 2.62 1.04-6.60 .04
Gender

Female Remission 1.0
Death 1.0

Male Remission 0.64 0.36-1.16 .14
Death 1.09 0.56-2.14 .80

Diagnosis
Bone marrow failure Remission 1.0

Death 1.0
Hematologic malignancy Remission 0.77 0.31-1.91 .60

Death 0.68 0.27-1.71 .40
Hemoglobinopathy Remission 1.11 0.27-4.54 .90

Death 0 0.00-Inf >.90
Inborn errors of immunity Remission 0.69 0.24-1.95 .50

Death 0.72 0.25-2.08 .50
Inborn errors of metabolism Remission 0.48 0.14-1.72 .30

Death 0.7 0.21-2.29 .60
Graft source

BM/PBSC Remission 1.0
Death 1.0

Cord blood Remission 0.51 0.27-0.94 .031
Death 1.35 0.70-2.62 .40

Donor
Matched related Remission 1.0

Death 1.0
Matched unrelated Remission 1.05 0.44-2.53 >.90

Death 0.51 0.18-1.42 .20
Mismatched unrelated Remission 0.78 0.35-1.75 .60

Death 0.8 0.35-1.79 .60
Time until start of second line

<1 week Remission 1.0
Death 1.0

8-28 days Remission 1.14 0.61-2.12 .70

(continued)
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Table 4 (Continued)

Variable Level Outcome HR 95% CI P Value

Death 0.89 0.45-1.77 .70
>28 days Remission 0.6 0.22-1.62 .30

Death 0.61 0.20-1.81 .40
Second-line therapy

MSC Remission 1.0
Death 1.0

TNF-alpha inhibitor Remission 1.35 0.69-2.64 .40
Death 0.6 0.26-1.38 .20

Combination therapy Remission 1.29 0.54-3.10 .60
Death 1.28 0.53-3.06 .60

Other Remission 0.81 0.24-2.77 .70
Death 0.92 0.27-3.14 .90

Conditioning
MAC (chemotherapy) Remission 1.0

Death 1.0
MAC (TBI) Remission 1.72 0.6-4.91 .30

Death 2.02 0.69-5.86 .20
RIC Remission 1.45 0.61-3.47 .40

Death 2.06 0.89-4.78 .091
Before or after 2015

Before Remission 1.0
Death 1.0

After Remission 1.01 0.55-1.85 >.90
Death 0.77 0.4-1.49 .40

Multistate analysis with interaction of age and graft source
Age in cord blood grafts

Remission 0.99 0.91-1.07 0.8
Death 1.07 1.00-1.14 0.056

Age in BM/PBSC grafts
Remission 0.9 0.83-0.96 0.004
Death 1.06 0.96-1.17 0.2

Graft source
BM/PBSC Remission 1.0

Death 1.0
Cord blood Remission 0.18 0.06-0.51 0.001

Death 1.5 0.34-6.59 0.6
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of new agents is having a clear impact on treatment choices in
recent years. MSCs were the only prescribed second-line ther-
apy in the first 3 years of our cohort, whereas multiple differ-
ent agents were used in the last few years. None of the specific
second-line therapy options was associated with improved
outcome, but this analysis is limited by the fact that therapy
was highly individualized.

Complications and toxicities associated with immuno-
suppressive therapy in the aGvHD setting were highly
prevalent in our SR-aGvHD cohort. Similar to other pediat-
ric SR-aGvHD studies the majority of patients experienced
infections or viral reactivations [19,28,48-50,52,53]. In
about one third of deceased patients, infections were con-
sidered causal. TMA was a common noninfectious compli-
cation in our cohort. Because aGvHD is a risk factor for the
development of TMA in both children [57,58] and adults
[59], this finding was not surprising. The most frequently
observed noninfectious complication in our cohort was the
development of lung disease related to HSCT, such as BOS
and IPS. In another pediatric SR-aGvHD cohort study BOS
was also frequently observed [16], but in most studies BOS
and IPS are not separately reported from general chronic
GvHD. In our cohort, 26% of the patient deaths were attrib-
uted to noninfectious, HSCT-related respiratory failure.
Pulmonary involvement thus represents a significant clini-
cal challenge in pediatric SR-aGvHD patients and more
research is required to understand how to manage HSCT-
related lung complications to improve outcome [60].

To our knowledge only few studies identified risk factors
for outcomes of SR-GvHD in children [47]. In our study, age
and the use of CB grafts were associated with worse prognosis.
Older age was associated with increased mortality, and with
reduced SR-aGvHD remission rates in those who received BM/
PBSC grafts. In adults, older age has long been recognized as a
risk factor for the development of GvHD [61], worse outcomes
in HSCT overall [2,62], and higher mortality in adults with SR-
aGvHD [63]. In children, the relationship between age and SR-
aGvHD outcomes has not previously been reported. In addi-
tion, we found that CB grafts were associated with a lower
chance of achieving remission of SR-aGvHD, irrespective of
recipient age. CB grafts have generally been associated with a
lower risk of GvHD in children [64], leading to the acceptance
of higher levels of HLA mismatching in this setting. In most
cases, aGvHD after CB transplantation develops despite GvHD
prophylaxis with prednisone 1 mg/kg. As such, it may be
argued that aGvHD in the CB setting is already steroid unre-
sponsive to some extent. In adults, transplantation with a CB
graft has been associated with the development of SR-GvHD
[65]. However, it is still unknown why SR-aGvHD after trans-
plantation with a CB graft is more refractory to additional
immunosuppressive treatment than SR-aGvHD in a child that
received a BM or PBSC graft. Because SR-aGvHD in the context
of CB transplantation is associated with worse outcome, even
more timely introduction of second-line treatment may be
warranted in this setting. Other known predictive factors for
GvHD severity, including degree of donor matching, malig-
nancy as HSCT indication and MAC TBI conditioning [2,66-68]
were not associated with worse outcomes in our SR-GvHD
cohort.

There are several limitations to our study. First, data were
retrospectively collected, at risk of reporting bias because
of missing information. Second, the studied group is



Figure 3. Clinical course since start of second-line therapy in specified subgroups. The proportions of patients with active GvHD symptoms, patients with remission of
GvHD, and deceased patients during the first year since start of second-line therapy, in younger children <8.8 years versus older children � 8.8 years, BM/PBSC grafts
and CB grafts, and combinations. Two patients who received a double CB graft and a composed graft were excluded.
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heterogeneous and received multiple lines of therapy concom-
itantly. That, together with a relatively small study size, com-
plicates drawing more definitive conclusions.
In conclusion, the development of SR-aGvHD in children
after allogeneic HSCT is still associated with both high morbid-
ity and mortality. Older age of the recipient at transplantation
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is a risk factor for death in the whole population and in recipi-
ents of PBSC/BM grafts for lower remission rates of SR-aGvHD.
In addition, we see reduced SR-aGvHD remission rates in chil-
dren transplanted with a CB graft without a significant effect on
survival. Choice of and time to second-line therapy were not
associated with differences in outcomes. The outcomes presented
in this study emphasize the unmet need for multicenter studies
investigating novel therapies for pediatric patients and inclusion
of pediatric cohorts on ongoing trials for SR-aGVHD. The cohort
described here can serve as a reference for future studies investi-
gating novel treatments and treatment guidelines for SR-aGvHD
in pediatric patients, which it is hoped will improve the out-
comes for these severely ill children.
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