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A B S T R A C T

Background: Graft-versus-host disease (GvHD) and rejection are main limitations of cord blood transplanta-
tion (CBT), more so in patients with severe inflammation or previous rejections. While rigorous T-cell deple-
tion with antithymocyte globulin (ATG) is needed to prevent GvHD and rejection, overexposure to ATG leads
to slow T-cell recovery after transplantation, especially in CBT.
Objective: To evaluate high-dose, upfront ATG with individualized dosing and therapeutic drug monitoring
(TDM) in pediatric CBT for patients at high risk for GvHD and rejection.
Study design: Heavily inflamed patients and patients with a recent history of rejection were eligible for indi-
vidualized high-dose ATG with real-time TDM. The ATG dosing scheme was adjusted to target a post-CBT
exposure of <10 AU*day/mL, while achieving a pre-CBT exposure of 60�120 AU*day/mL; exposure levels
previously defined for optimal efficacy and safety in terms of reduced GvHD and rejection, respectively. Main
outcomes of interest included efficacy (target exposure attainment) and safety (incidence of GvHD and rejec-
tion). Other outcomes of interest included T-cell recovery and survival.
Results: Twenty-one patients were included ranging from 2 months to 18 years old, receiving an actual median
cumulative dose of ATG of 13.3 mg/kg (range 6�30 mg/kg) starting at a median 15 days (range 12�17) prior to
CBT. Dosing was adjusted in 14 patients (increased in 3 and decreased in 11 patients). Eighteen (86%) and 19
(91%) patients reached the target pre-CBT and post-CBT exposure, respectively. Cumulative incidence for acute
GvHD was 34% (95% CI 23�45) and 5% (95% CI 0�10%) for grade 2�4 and grade 3�4, respectively; cumulative
incidence of rejection was 9% (95% CI 2�16%). Overall survival was 75% (95% CI 65�85%).
Conclusion: Individualized high-dose ATG with TDM is feasible and safe for patients with hyperinflammation
in a CBT setting. We observe high target ATG exposure attainment, good immune reconstitution (despite
very high doses of ATG) and acceptable rates of GvHD and rejection.
© 2024 International Society for Cell & Gene 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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Introduction

Allogeneic hematopoietic cell transplantation (HCT) is a potentially
curative treatment for a variety of benign and malignant diseases. In
benign indications, the main limitations of HCT include graft rejection,
infections, and graft-versus-host disease (GvHD). Some transplant indi-
cations can be identified to have a higher risk for rejection and GvHD,
which include those with active inflammation [1] (primary immune
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deficiencies (PID) with hyperinflammation, including chronic granulo-
matous disease [CGD], common variable immunodeficiency [CVID] and
hemophagocytic lymphohistiocytosis [HLH]) and patients who are poly-
transfused (thalassemia and bone marrow failure) due to, amongst
others, anti-donor-HLA antibodies or nonablative conditioning [2,3].
These patients can be characterized as having an activated immune sys-
tem, either in terms of function or counts of lymphocytes.

Lastly, patients with previous rejections may be at higher risk for
future rejections. Overall, all aforementioned categories of patients
may need more rigorous recipient T-cell depletion to dampen the
inflammation. This could prevent the T-cell compartment into further
activation leading to GvHD or rejection [4�7]. On the other hand,
swift recovery of T-cells after transplantation is warranted, even
more so in the immune deficiencies, in order to prevent viral reacti-
vations and/or counter already present viral disease.

Antithymocyte globulin (ATG) is the most frequently used drug for
the indication of transplant-related T-cell depletion in order to prevent
GvHD and rejection [8,9]. ATG, if given some days before graft infusion,
depletes recipient T-lymphocytes as mediator cells in GvHD and rejec-
tion [1,9]. However due to the long half-life, depending on dose and
timing of the ATG, the graft-infused T-cells may also be exposed to
ATG after graft infusion [10�13]. High ATG exposure after graft infu-
sion is strongly related to delayed or absent T-cell reconstitution after
HCT [12�16]. While the exposure to ATG before graft infusion is
mainly associated with the desired pharmacological effects in prevent-
ing GvHD and rejection, a low exposure after graft infusion is mostly
correlated to early T-cell recovery and survival [12,13,16,17]. A recent
phase 2 clinical trial demonstrated that individualized dosing of ATG
using a dosing nomogram, mainly aiming for minimal exposure after
graft infusion, leads to improved T-cell reconstitution without increas-
ing the incidence of GvHD or rejection [18].

However, patients with active inflammation and those poly-trans-
fused may need additional protection against rejection and GvHD as
compared to those without these risk factors. This protection may be
acquired through higher doses of ATG in comparison to the recently
published individualized dose advises [18], given relatively early
before graft infusion. For safety and efficacy, this can be combined
with real-time measurement of actual exposures, therapeutic drug
monitoring (TDM), to ensure high ATG exposures before graft infu-
sion while maintaining low exposures after graft infusion [13,12]. To
gain maximum control over the actual ATG exposure [19], a pharma-
cokinetic (PK) prediction model can be applied to perform simulation
studies to choose the best ATG dosing regimen, and to adjust this reg-
imen based on the results of TDM. This is of utmost importance in
cord blood transplantation, where the exposure to ATG after graft
infusion has to be reduced to a minimum. Low exposure to ATG after
graft infusion is strongly correlated to improved CD4+ T-cell recovery
after HCT, thereby preventing viral reactivations, which is of impor-
tance especially in a cord-blood setting [12�14].

We here report the results of a clinical protocol developed to treat
high-risk patients with individualized dosing of ATG combined with
TDM aiming for high ATG exposure before graft infusion while mini-
mizing exposure after transplantation [19]. By using this approach,
we expected to prevent GvHD and rejection in this high-risk popula-
tion, while promoting T-cell recovery.

Methods

Study design and patients

Children 0�18 years old receiving an allogeneic CBT with ATG as part
of the conditioning regimen between November 2014 and June 2020 in
the pediatric stem cell transplantation program of the UniversityMedical
Center Utrecht, later transferred to the Princess M�axima Center for Pedi-
atric Oncology, both in Utrecht, the Netherlands, were evaluated.
Patients eligible for this protocol were those defined as having a high
risk for graft rejection and/or GvHD. We defined this as having PID or
other benign indication with hyperinflammation (i.e., high ferritin, high
inflammation parameters, cytopenia’s due to inflammation before HCT),
nonablative conditioning while normal protocols dictate myeloablative
regimens, patients with benign disorders who received frequent transfu-
sions over longer time periods and had high ferritin and/or iron accumu-
lation in organs, and those with previous graft rejections or were
assessed to have a high risk for graft rejection as per the discretion of the
treating physician. Consecutive patients were included. There was no
restriction on conditioning regimens. Clinical data were prospectively
collected and entered in the clinical database. Minimum follow-up for
surviving patients was 18 months. Patients were included and data were
collected after obtaining written informed consent in accordance with
the Declaration of Helsinki. Institutional ethical approval for sample and
data collection was obtained though trial numbers 11/063-k.

Procedures

Patients received individualized dosing of ATG with TDM as
described previously [19]. In short, based on the patient’s body
weight, lymphocyte count before the first dose of ATG and the stem
cell source, simulation studies were performed using a validated pop-
ulation PK-model [11]. Target area under the curve (AUC) before graft
infusion was 60�120 AU*day/mL, which was arbitrarily set well over
the cut-off of 40 AU*day/mL that was found to be optimal in previous
analysis [13,12]. The target AUC after graft infusion was <10 AU*day/
mL for cord blood recipients, and was set at this value based on previ-
ous findings showing an post-HCT AUC of <2013 and <1619 AU*day/
mL to be optimal. Based on the expected individual PK and the target
exposures, dosing details including the absolute dose, starting day
and number of doses of ATG were determined. The full daily dose of
ATG was infused in 4 hours in all patients. Blood samples were drawn
based on an optimal sampling scheme with 6 samples [19]. Time-
points for sampling included after the first dose, before and after the
second and third dose, and early morning of the 4th day of ATG. On
the 4th day, active ATG concentrations were measured using a vali-
dated assay [19]. Based on the measured concentrations, TDM will be
performed using the population PK-model. Maximum a posteriori
Bayesian estimates of individual PK-parameters were generated, and
actual exposures before and after graft infusion were calculated
based on these parameters (supplementary Figure S1 for an example
of the simulation and TDM studies in an individual patient). Any
expected over- or underexposure, both before and after graft infu-
sion, was corrected by amendments in dosing, number of doses and/
or the time between the first dose of ATG and graft infusion. In case
of large (>25%) dose amendments, follow-up samples were taken to
ensure adequate ATG exposures.

Conditioning regimens were given according to national and
international protocols. TDM for busulfan was performed in all
patients receiving a busulfan-containing conditioning regimen aim-
ing for a cumulative AUC of 85�95 mg*h/mL. Supportive care includ-
ing selective gut decontamination, other infection prophylaxis, and
GvHD prophylaxis was given according to local protocols [13]. GvHD
prophylaxis consisted of cyclosporin, aiming for trough levels of
150�250 mg/L, combined with prednisolone 1 mg/kg for 28 days
with tapering thereafter. Patients were treated in positive-pressure,
particle-free, air-filtered isolation rooms.

Assay

Full details of the assay have been described previously [19]. In
summary, patient serum was diluted and incubated with Jurkat T-
cells, and labelled with goat-anti-rabbit IgG biotin followed by fluoro-
chrome-labeled streptavidin. Samples, standard curve, quality con-
trols and negative controls were measured using flow cytometry;
fluorescence was plotted against standard curves to determine the
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concentrations of active ATG in patient sera. The assay was exten-
sively validated using spiked quality control samples and negative
controls. Lower limit of quantification was determined to be
0.04 AU/mL.

Outcomes

Efficacy and safety were the primary outcomes of interest for
these patients. Efficacy was defined as the target attainment using
the intervention of individualized dosing with TDM, and was
assessed as the percentage of patients reaching desired exposures of
ATG before and after CBT. Safety was assessed as the cumulative inci-
dence of both acute GvHD and rejection. Acute GvHD was classified
as per the Glucksberg criteria [20], and analyzed as the incidence of
grade 2�4 and grade 3�4 acute GvHD. Rejection was defined as sec-
ondary loss of donor chimerism or having nonengraftment at 60 days
after transplant.

Secondary outcomes of interest included cumulative incidence of
early CD4+ T-cell recovery, defined as a CD4+ T-lymphocyte count of
at least 50/mL in two consecutive measurements within 100 days
after HCT. This biomarker has been proven in multiple trials to be a
strong predictor for therapy related mortality (TRM) and overall sur-
vival (OS) [12�14,16,21]. Patients who did not reach 100 days of fol-
low-up were assessed until the date of death. OS was defined as the
time from transplant to last day of follow-up or death; EFS as the
time from transplant to last day of follow-up or an event, defined as
either death or nonengraftment. TRM was defined as death due to
any other cause than relapse. Chronic GvHD was scored according to
the NIH-criteria [22] and reported as moderate-severe chronic GvHD.

Statistical analysis

Duration of follow-up was defined as the time from HCT to the
last visit for patients alive at time of analysis, or to death. Cumulative
incidence curves were used for the endpoints of CD4+ immune
reconstitution, acute and chronic GvHD and rejection. Survival
parameters including OS, EFS and TRM were also analyzed in patients
with or without successful CD4+ immune reconstitution. Probabilities
of EFS and OS were calculated using the Kaplan-Meier method; a
two-sided log- rank test was used for univariable comparisons. Varia-
bles in univariable analyses with a P value less than 0¢1 were selected
for multivariable analyses on the basis of the relatively small popula-
tion; a P value less than 0¢05 was considered statistically significant.
Factors included in multivariable analysis included ໿recipient data
(age, sex, underlying disease) as well as transplantation details
(human leukocyte antigen disparity, patient and donor viral serology
status of cytomegalovirus and Epstein-Barr virus). We did not analyze
exposures to ATG (both before and after HCT) as a predictor for out-
come, as because of the TDM this was not an independent predictor.
Statistical analyses were done using R version 4.0.5.

Results

Patients and dosing

A total of 21 patients were included (Table 1). Median age at time
of transplant was 5.6 years (range 2 months to 18 years). For most
patients it was their first transplant (n = 18; 86%), 3 patients received
a second transplant (14%). Most frequent underlying disease included
immune deficiencies (n = 13; 62%) and bone marrow failure syn-
dromes (n = 4; 19%). Myeloablative conditioning was used in the
majority of patients (n = 17; 81%); 4 patients (19%) received reduced
intensity conditioning. The intended median cumulative starting
dose of ATG was 15mg/kg (range 8�50 mg/kg) starting median
15 days before HCT (range 12�17 days) and was intended to be given
over a median of 5 doses (range 3�10 doses; Table 1).
Primary outcome of interest

Following TDM, dosing was adjusted in 14 patients, which led to
an increase in cumulative dose in 3 patients, while the cumulative
dose was reduced in 11 patients (Figure 1). Actual cumulative dose of
ATG was 13.3 mg/kg (range 6�30 mg/kg), starting 15 days before
CBT (range 12�17 days). Desired pre-HCT ATG exposures were
reached in 18/21 (87%) patients; 3 patients had slight over-exposure
pre-HCT. The desired target post-HCT exposure of 0�10 AU*day/mL
was reached in 19/21 (91%) patients; the remainder 2 patients had
post-HCT ATG exposures of 11 and 12 AU*day/mL, respectively.

In this high-risk group of patients, the observed rates of rejection
and severe acute GvHD were relatively low. The incidence of acute
GvHD grade 2�4 was 34% (95% CI 23�45%; Figure 2A), however only
5% (95% CI 0�10%) experienced grade 3�4 acute GvHD (Figure 2A). In
multivariable analysis, no predictors for grade 2�4 acute GvHD were
found, while higher age was associated with a higher incidence of
grade 3�4 acute GvHD. All patients showed neutrophil engraftment
at a median of 13 days post-HCT (range 11�31 days). We observed 2
patients (patients 15 and 18 in Table 1) with rejection, both due to
late secondary graft loss, making the cumulative incidence of rejec-
tion 9% (95% CI 2�16%; Figure 2B). In patient 15, the graft loss was
preceded by a cytomegalovirus reactivation. In patient 18, who had
HLA antibodies before HCT, no clear cause for rejection was found, in
particular no antidonor HLA antibodies were found.

Secondary outcomes of interest

Successful CD4+ IR was observed in 77% (95% confidence interval
[CI] 68�86%; Figure 3A); 2 patients died and 2 patients had graft-fail-
ure before 100 days; none of these had CD4 IR at the time of event.
Both patients with slight overexposure post-HCT reached successful
CD4+ IR. Median time to reach successful CD4+ IR was 16.5 days
post-HCT (range 6�63 days) in patients meeting the endpoint. There
was no significant difference in CD4+ IR when split for the different
underlying diagnosis, but the analysis is limited by small numbers.
No multivariable predictors for CD4+ IR were identified.

The OS in the cohort was 75% (95% CI 65�85%; Figure 3B). Causes
of death were gut GvHD or colitis with refractory sepsis 6 months
after HCT (patient 2), encephalopathy 7 months after HCT (patient 8),
fungal infection at 5 weeks (patient 10), unknown cause after dis-
charge at 2.5 months after HCT (patient 12), and pulmonary infection
or bronchitis obliterans at 9 months (patient 13).

In multivariable analysis, successful CD4+ IR was observed to be
the only predictor for OS (hazard rate [HR] 0.073, 95% CI 0.011�0.48,
P = 0.0066; supplemental Table S1). Of note, underlying disease was
not a predictor for OS in this analysis. All observed deaths were ther-
apy related, making the cumulative incidence of TRM 25% (95% CI
15�35%). Successful CD4+ IR was the only significant multivariable
predictor for TRM (HR 0.073, 95% CI 0.013�0.39, P = 0.0025). EFS was
66% (95% CI 56�76%; Figure 3B), with no multivariable predictors
identified (the Cox proportional hazard model did not converge for
successful CD4+ IR). Cumulative incidence of chronic GvHD was 9%
(95% CI 3�15%), with patient-donor CMV disparity being a multivari-
able predictor for a higher incidence (HR 0.50, 95% CI 0.27�0.95,
P = 0.034).

Discussion

We show that high-dose, individualized ATG with TDM is feasible,
leads to predictable and accurate exposures to ATG, and is safe in
high-risk patients receiving cord blood transplants. In this real-world
experience treating a heterogeneous cohort in terms of disease and
conditioning regimens, the procedure is successful in preventing
severe acute GvHD and rejection, and leads to an acceptable OS in
this very high-risk group of patients.



Table 1
Patient and dosing details.

Patient, transplant, and conditioning Starting dose of ATG Adjusted dose of ATG

Patient Diagnosis Age
(years)

Body
weight
(kg)

Baseline
lymphocyte
counts
(x10^9/L)

Transplant HLA
match

CD34+
Cell Dose
(10^6
cells/kg)

Conditioning
Regimen

Cumulative
dose
(mg/kg)

Daily
dose
(mg/kg)

Starting
day
relative
to HCT
(days)

Number
of doses

Cumulative
dose
(mg/kg)

Daily
dose
(mg/kg)

Starting
day
relative
to HCT
(days)

Number
of doses

1 MDS with prior
neuroblastoma

9.6 25 1.2 First 5/6 0.29 BuFluClo 8 2 �13 4 11 3 £ 2, 1 £ 5 �13 4

2 CVID with cytope-
nia and colitis

12.3 38 0.3 First 4/6 0.56 BuFlu 8 2 �15 4 15 3 £ 2, 3 £ 3 �15 6

3 X-ALD 9.1 24 0.1 Second 4/6 0.34 FluTreo 8 2 �12 4 6 3 £ 2 �17 3
4 CVID with

cytopenia
11.8 44 3.7 First 4/6 2 BuFlu 12 3 �14 4 14 3 £ 3, 1 £ 5 �14 4

5 Beta thalassemia,
AML, 2 previous
rejections

5.6 20 0.5 Second 5/6 0.77 BuFluClo 12 2 �15 6 8 4 £ 2 �15 4

6 MLD with previ-
ous solid tumor

14 45 2.8 First 6/6 0.19 BuFlu 12 2 �14 6 8 4 £ 2 �14 4

7 RCC
polytransfusee

7.3 35 2.7 First 5/6 0.27 FluTreo 15 3 �15 5 9 3 £ 3 �15 3

8 HLH 7.4 28 2.7 First 5/6 0.75 BuFlu 15 3 �12 5 12 4 £ 3 �12 4
9 PID with autoin-

flammation of
unknown origin

0.6 6 2 Second 5/6 0.84 BuFlu 20 5 �12 4 15 3 £ 5 �12 3

10 SCID with Ruth-
mund Thomp-
son syndrome

0.5 5 0.9 First 6/6 0.52 FluTreo 20 3.3 �15 6 13.3 4 £ 3.333 �15 4

11 PID with autoin-
flammation of
unknown origin

0.5 7 0.5 First 5/6 0.54 BuFlu 25 5 �15 5 20 4 £ 5 �15 4

12 HLH 0.3 4 1.3 First 5/6 1.28 BuFlu 25 4.2 �12 6 16.4 4 £ 4.1 �12 4
13 Epidermolysis

Bullosa
0.8 10 4 First 5/6 0.76 BuFlu 40 5 �15 8 25 5 £ 5 �13 5

14 HLH 0.2 3 3.2 First 5/6 1.77 BuFlu 50 5 �14 10 20 4 £ 5 �14 4
15 Beta Thalassemia 18 64 0.9 First 4/6 0.4 BuFlu 9 3 �17 3 - - - -
16 AML with HLH 1.3 10 0.5 First 5/6 1.2 BuFluClo 12 3 �14 4 - - - -
17 CGD 13.9 31 1.2 First 4/6 0.37 BuFlu 12 4 �17 3 - - - -
18 Severe aplastic

anemia with
HLA antibodies

5.6 21 2 First 5/6 0.48 FluCy 12.5 2.5 �15 5 - - - -

19 HLH 2.6 14 2.3 First 5/6 0.87 BuFluEto 20 4 �16 5 - - - -
20 CGD 1 10 4 First 5/6 1.27 BuFlu+TBI 30 5 �15 6 - - - -
21 CGD 1.1 8 5.1 First 6/6 1.25 BuFlu 30 5 �15 6 - - - -

MDS, myelodysplastic syndrome; CVID, combined variable immune deficiency; X-ALD, x-linked adrenoleukodystrophy; AML, acute myeloid leukemia; MLD, metachromatic leukodystrophy; RCC, refractory cytopenia of childhood; HLH,
hemophagocytic lymphohistiocytosis; CGD, chronic granulomatous disease; BuFlu, busulfan/fludarabine; BuFluClo, busulfan/fludarabine/clofarabine, FluTreo, fludarabine/treosulfan; FluCy, fludarabine/cyclophosphamide; BuFluEto,
busulfan/fludarabine/etoposide; TBI, total body irradiation.
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Figure 1. Exposure to ATG before graft infusion (panels A&B) and after graft infusion (panels C&D) for those without dose adjustments (panels A&C) and with dose adjustments
(panels B&D). Connected dots represent the simulated exposure and the observed exposure in the same patient (blue: exposure before graft infusion; green: exposure after graft
infusion for bone marrow recipients; orange: exposure after graft infusion for cord blood recipients). The solid lines represent actual exposures, the dotted lines the exposures if no
dose adjustments based on TDM would take place. Blue areas: optimal exposure before graft infusion (60�120 AU*day/mL); yellow areas: optimal exposure after graft infusion for
cord blood recipients (0�16 AU*day/mL).
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To our best knowledge, this is the first paper to report on tailored
ATG with TDM.

Current studies in the aforementioned categories of patients
undergoing HCT show variable outcomes. In non-SCID immune defi-
ciencies the reported survival rates in recent studies are 48% [23],
86% [24] and 85�93% [25,26] in CVID, HLH and CGD, respectively.
Nevertheless, we feel that the results of our current study are in line,
especially taking into account that we used cord blood as stem cell
source. The use of cord blood transplantation in HLH is associated
with a lower survival than when using bone marrow grafts (55% [27]
versus 86% [24]), while in CGD the survival after cord blood trans-
plant is 62% [26]. In patients with thalassemia major, current survival
rates of 93% are reached with bone marrow/peripheral blood, how-
ever there are still problems with rejection (nonengraftment [4.2%]
and second transplantation [7%]) [28] . Survival rates in unrelated
cord blood transplantation in thalassemia in literature vary from 88
to 62% with disease free survival of 74�21% [29,30].

The population PK and the therapeutic window of ATG have been
eluded in the previous years, with the main focus on Thymoglobulin
[10�13]. The therapeutic window in a cord blood setting based on
previous literature was >40 and <10 AU*day/L for pre- and post-HCT
ATG exposure, respectively [13,12]. As a high pre-HCT exposure was
mainly correlated with prevention of GvHD and rejection, i.e., the
main goals in the current setting, we arbitrarily set the desired pre-
HCT exposure to 60�120 AU*day/L to ensure adequate effects, while
maintaining the exposure of <10 AU*day/mL post-HCT. In previous
analyses, we did not identify differences in the optimal ATG expo-
sures to prevent GvHD and rejection based on stem cell source. As
such, upfront high dose ATG may also be beneficial when using bone
marrow for the same high-risk indications. However, the optimal
post-HCT exposure to ATG in bone marrow recipients seems to be
less critical in order to ensure adequate T-cell recovery (<50 AU*day/
mL as compared to <10 AU*day/mL in cord blood) [13]. Therefore,
TDM in a bone marrow setting may prove unnecessary as less preci-
sion in dosing is required, even when using upfront high dose ATG.

Clinical application of pharmacokinetic studies for agents used as
serotherapy in the setting of allogeneic HCT are infrequently
described. Only descriptive PK studies are published for Grafalon



Figure 2. Safety. Panel A: Grade 2�4 acute GvHD (solid lines), grade 3�4 acute GvHD (dashed lines); Panel B: graft failure.

Figure 3. Clinical outcomes. Panel A: Cumulative incidence curve of T-cell recovery (>50/uL CD4+ T-cells before day +100 in 2 consecutive samples). Panel B: Overall survival (solid
lines) and Event Free Survival (dashed lines).
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[31]. Since different types of ATG are not biosimilar, due to their dif-
ferent production processes, the population PK parameters cannot be
extrapolated to other ATGs. For alemtuzumab, a monoclonal anti-
CD52 antibody used for the same indication, some studies are avail-
able describing the population PK [32�34], the therapeutic window
[35,36], and TDM [34]. Although concentrations were only measured
well after the full intended dose was given, an extra dose of alemtu-
zumab was given when patients were to fall below the therapeutic
window [34]. In the current study, we employed TDM to correct for
over- and underexposure, which ensures both safety and efficacy.

Limitations of this study include the relatively low number of
patients treated in this protocol and the heterogeneity of underlying
diseases and conditioning regimens. We did however include conse-
cutive patients meeting the criteria for inclusion in this protocol. A
limitation of this approach is the applicability of ATG TDM in other
transplant centers. Concentrations of the active fraction of ATG need
to be measured for TDM, for which one would need a cell-based flow
cytometry assay. While these kinds of assays may not be available in
all centers, we recently published an elaborate description of our
method for measuring active ATG. Furthermore, as ATG is quite sta-
ble, centers could ship serum or plasma samples to expert laborato-
ries with validated assays in order to measure ATG. Another option
may be the recently proposed LC-MS/MS for ATG [37], but this
method still requires clinical validation.

In conclusion, we show that individualized high dose ATG with
TDM is feasible and safe for patients in the setting of hyperinflamma-
tion prior to CBT setting. We observe high target ATG exposure
attainment, and good immune reconstitution (despite very high
doses of ATG). This approach is a promising method to improve out-
comes in this very high-risk patient group, not only in CB, but also for
other graft sources, and should thus be further explored.

Data Sharing

No data can be shared, since patients did not give consent for data
sharing.
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