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m It remains unknown why rabbit antithymocyte globulin (ATG; Thymoglobulin) has not
affected relapse after hematopoietic cell transplantation (HCT) in randomized studies.
* Pre-HCT exposure to We hypothesized that high pre-HCT ATG area under the curve (AUC) would be
ATG may have an
antirelapse effect,
whereas post-HCT
exposure may have a
prorelapse effect.

associated with a low incidence of relapse, whereas high post-HCT AUC would be
associated with a high incidence of relapse. We measured serum levels of ATG capable of
binding to mononuclear cells (MNCs), lymphocytes, T cells, CD4 T cells, or CD33 cells.
We estimated pre- and post-HCT AUCs in 152 adult recipients of myeloablative
conditioning and blood stem cells. High pre-HCT AUCs of MNC- and CD33 cell-binding
ATG were associated with a low incidence of relapse and high relapse-free survival (RFS).
There was a trend toward an association of high post-HCT AUC of lymphocyte-binding

* Pre-HCT exposure may
have a proengraftment
effect; high post-HCT
exposure is associated
with less GVHD and
more fatal infections.

ATG with a high incidence of relapse and low RFS. High pre-HCT AUCs were also associated
with faster engraftment and had no impact on graft-versus-host disease (GVHD) or fatal
infections. High post-HCT AUCs were associated with a low risk of GVHD, seemed
associated with an increased risk of fatal infections, and had no impact on engraftment.
In conclusion, pre-HCT AUC seems to have a positive, whereas post-HCT AUC seems to
have a negative, impact on relapse.

Introduction

The 2 most important problems of allogeneic hematopoietic cell transplantation (HCT) are relapse
of leukemia and graft-versus-host disease (GVHD). GVHD incidence can be minimized by depleting grafts of
T cells or inhibiting T cells after transplantation with small-molecule drugs like cyclosporine. Unfortunately,
this may increase the incidence of relapse,’™® probably because the ex vivo T-cell depletion or in vivo
T-cell inhibition interferes with graft-versus-leukemia (GVL) effect. Rabbit antithymocyte globulin
(ATG; Thymoglobulin) has been shown in 3 randomized trials to reduce the incidence of GVHD
without increasing the incidence of relapse.'®'? A potential reason for the nonincrease in relapse is
that ATG, despite being expected to impair GVL, has a direct antileukemic effect.'® '8
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Admiraal et al'® suggested that a high posttransplantation ATG area under the curve (AUC; an index of
ATG exposure) leads to a high incidence of relapse. We hypothesized that a high pretransplantation
AUC would lead to the opposite (a low incidence of relapse), given the direct antileukemic effect of
ATG'®'* and its overall neutral effect on relapse.'®'? Here we evaluated this hypothesis. We also
studied associations between pre- and posttransplantation AUCs and outcomes other than relapse,
because this could shed light on ideal ATG administration timing and dosing.

Submitted 20 December 2018; accepted 24 March 2019. DOI 10.1182/ The full-text version of this article contains a data supplement.
bloodadvances.2018030247. © 2019 by The American Society of Hematology

The medians and ranges of the ATG levels and AUCs for both pre- and

posttransplantation time points can be found in the supplemental data.

For any other data, please contact Rosy Dabas (rdabas@ucalgary.ca).
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Methods

Patients, transplantation, and outcomes

Between 24 February 2011 and 15 December 2017, 390 patients
underwent first allogeneic HCT for hematologic malignancy in
Calgary, AB, Canada, using our typical myeloablative conditioning,
graft type, and GVHD prophylaxis combination (fludarabine plus
busulfan plus total-body irradiation plus filgrastim-mobilized blood
stem cells plus methotrexate plus cyclosporine).?® Of these, 152
patients agreed to participate in our study, and their sera from the
following time points were available: immediately before starting
graft infusion (pregraft), 30 minutes after finishing graft infusion
(postgraft), day 7, and day 28. Follow-up for all patients was until
31 July 2018. The study was approved by the Health Research
Ethics Board of Alberta, and written consent was obtained. Patient
characteristics are listed in Table 1.

Conditioning was with fludarabine (50 mg/m? daily from day —6
to —2), busulfan (~3.2 mg/kg daily from day —5 to —2, pharma-
cokinetically [PK] adjusted to target AUC of 15000 pmol X
minute),?"?2 and total-body irradiation (2 fractions of 2 Gy each on
day —1). For GVHD prophylaxis, patients received ATG (0.5 mg/kg
onday —2, 2 mg/kg on day —1, and 2 mg/kg on day O before graft
infusion), methotrexate (15 mg/m? on day +1 and 10 mg/m? on
days +3, +6, and +11), and cyclosporine (from day —1 to +56,
targeting trough plasma levels of 200-400 mg/L and then tapering
until day +84).

Supportive care included ursodiol until 3 months, fluconazole until
1 month, sulfamethoxazole-trimethoprim from engraftment until
6 months, and valacyclovir until 2 years after HCT.2® Cytomeg-
alovirus DNAemia was monitored, and valganciclovir or ganciclovir
was administered preemptively (when cytomegalovirus >25 000
IU/mL plasma).?* Epstein-Barr virus DNAemia was monitored, and
rituximab was administered therapeutically or preemptively (when
Epstein-Barr virus >300 000 IU/mL blood).?°2®

aGVHD was graded according to the 1994 consensus criteria,’
and cGVHD was diagnosed and scored according to the National
Institutes of Health criteria.2® Unless otherwise stated, here aGVHD
refers to grade 2 to 4 aGVHD, and cGVHD refers to moder-
ate to severe cGVHD. Significant GVHD refers to grade 2 to 4
aGVHD or moderate to severe cGVHD. Significant GVHD was
treated with corticosteroids with or without other immunosup-
pressive drugs. Relapse was defined using standard criteria
(eg, >5% marrow blasts in the case of acute leukemia). Fatal
infection was defined as autopsy findings consistent with an
infection and detection of the pathogen in an autopsy specimen
or death after a definite infection®® judged to have caused
the death either directly (eg, pneumonia) or indirectly (eg, sepsis
with subsequent adult respiratory distress syndrome). Fatal
infections occurring after significant GVHD, relapse, graft failure
(GF), or second malignancy (except for posttransplantation lympho-
proliferative disorder, nonmelanoma skin cancer, and carcinoma in
situ) were discounted. Chronic GVHD- and relapse-free survival
(cGRFS) was defined as survival free of relapse and moderate to
severe cGVHD. Day of neutrophil engraftment was defined as the
first of 3 consecutive days on which absolute neutrophil count was
at least 0.5 X 10%L. Day of platelet engraftment was defined as
the first of 3 consecutive days on which platelet count was at least
20 X 10°%/L, with no platelet transfusion in the last 7 days.
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Table 1. Patient characteristics

Characteristic N (%)

No. of patients 152

Patient age, y

Median 53

Range 18-71
Patient sex

Male 89

Female 63
Donor age, y

Median 31

Range 16-68
Donor sex

Male 101

Female 51

End of follow-up for all patients, d
Median 708
Range 53-2554
End of follow-up for surviving patients, d
Median 1077
Range 89-2554

Underlying disease

AML 78 (51.6)

ALL 24 (15.6)

Other acute leukemia 2 (1.3)

MDS 14(9.1)

CML/CMML 7 (4.5)

MF 4 (2.6)

MPN 1(0.6)

CLL/lymphoma 19 (12.4)

Other hematological malignancy 3(1.9)
Disease risk*

Good 79 (52.2)

Poor 73 (47.7)
Donor typet

HLA-matched sibling 55 (35.9)

7-8/8 HLA-matched unrelated 97 (63.9)
CMV serostatus, recipient/donor

Positive/negative 20 (13.7)

All other 131 (85.6)

Unknown 1 (0.6)
No. of patients developing relapse 30 (19.7)
No. of patients developing aGVHD, grade

2-4 39 (25.6)

3-4 7 (4.6)
No. of patients developing cGVHD

Moderate to severe 19 (12.5)

aGVHD, acute GVHD; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia;
cGVHD, chronic GVHD; CLL, chronic lymphocytic leukemia; CML, chronic myeloid
leukemia; CMML, chronic myelomonocytic leukemia; CMV, cytomegalovirus; MDS, myelo-
dysplastic syndrome; MF, myelofibrosis; MPN, myeloproliferative neoplasms.

*Good risk was defined as acute leukemia (AML, ALL, biphenotypic) in first remission,
CML in first chronic or accelerated phase, myelodysplasia with <5% blasts in the marrow,
or aplastic anemia. All other diseases/disease stages were considered poor risk.

1Of the 97 donors, 30 were 7/8 HLA-matched unrelated donors, and 66 were 8/8
matched unrelated donors. This group also contains 1 7/8 HLA-matched related donor.

+Poor-prognosis group.2*
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Table 2. Associations between high pre- or post-HCT ATG AUC and outcomes

Pre-HCT AUC Post-HCT AUC
Outcome MNCs Lymphocytes T cells CD4 T cells CD33 cells* MNCs Lymphocytes T cells CD4 T cells CD33 cells*
Relapse | ! 4 4 4
aGVHD (grade 2-4) v (N L W W
cGVHD (moderate to severe; NST) 4 ! !
0s * v
RFS ) v

cGRFS

A

Multivariate analysis was performed to determine the significance of the association between high (higher than median) pre- or post-HCT ATG AUC and each outcome. Only significant
associations (P < .05) and trends toward significant associations (P = .05 to .15) are shown. 1 or | denotes that high AUC was associated with high or low risk of the outcome, with
P value from .01 to <.05, 11 or |} with P value from .001 to <.01, 111 or |}| with P value <.001, * or ¢ with P value from .05 to .15.

NST, needing systemic therapy.

*The association between AUC of ATG capable of binding to CD33 cells and relapse was determined in patients with acute myeloid leukemia/myelodysplastic syndrome/chronic
myeloid leukemia/chronic myelomonocytic leukemia. For other outcomes, the association was determined in all patients (with any malignancy).

Measurement of ATG levels

Blood was collected from patients at the following time points: the
end of the last ATG infusion (maximum serum concentration [Ca);
immediately pregraft infusion (pregraft); 30 minutes after the end of
graft infusion, by when equilibrium between free serum ATG
and ATG bound to infused cells has probably been established
(postgraft)®°; and on days 7 and 28. Serum was separated from
the blood and stored in tightly sealed vials at —80°C until ATG
level determination.

Level (concentration) of functional ATG (capable of binding to an
immune cell subset) was determined using a flow cytometry—based
assay similar to those of Hoegh-Petersen et al*' and Jamani et al,*°
improved as described in the supplemental material (supplemental
Figures 1 and 2; supplemental Tables 1 and 2). Levels of the following
ATG fractions (specificities) were determined: capable of binding
to mononuclear cells (MNCs; MNC-binding ATG), capable of binding
to lymphocytes (lymphocyte-binding ATG), capable of binding to
T cells (T cell-binding ATG), capable of binding to CD4 T cells (CD4
T cell-binding ATG), and capable of binding to CD33™ cells (CD33
cell-binding ATG). The reason for measuring CD33 cell-binding
ATG was our hypothesis that high pre-HCT AUC of this fraction is
associated with a low incidence of relapse of myeloid malignancies.
The reason for measuring T cell-binding and particularly CD4
T cell-binding ATG was our hypothesis that high post-HCT AUCs
of these fractions are associated with a low incidence of GVHD?'
and a high incidence of relapse, because GVHD may be a
surrogate for GVL effect.32 The levels were quantified in units of
equivalence (Ug). One Ug of an ATG fraction (capable of binding
to a cell subset) is the amount of ATG capable of binding to the
cell subset contained in 1 mg of total ATG.

Levels at the end of the last ATG infusion (C.,,) Were estimated,
because the sera were available for only 76 of the 152 patients
(whereas pregraft, postgraft, day-7, and day-28 specimens were
available for all 152 patients). The C,.x for each patient was
extrapolated from the median population log/linear distribution phase
slope of C,,, to graft infusion start time. The median time from C,,,,
to graft infusion start was 2.84 hours (range, 0.13-7.48 hours).
The validity of the estimation was assessed using the Spearman
correlation between the estimated C,,,, vs the true (observed) C,,
in the 76 patients. The correlation coefficient (r) was 0.656 for
MNC-binding ATG, 0.553 for lymphocyte-binding ATG, 0.610 for
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T cell-binding ATG, 0.650 for CD4 T cell-binding ATG, and 0.566
for CD38 cell-binding ATG (supplemental Figure 3). We considered
r > 0.50 acceptable.

Pre- and post-HCT AUC calculation

Pre- and post-HCT AUCs were calculated by the trapezoidal rule,®®
linear up, logarithmic down (given that after initial distribution, ATG
seems to be eliminated by first-order kinetics®**”; supplemental

Figure 4).

Pre-HCT AUC (hereafter pre-AUC) was calculated as the sum of the
corrected area of the triangle from the start of the first ATG infusion to
the end of the third ATG infusion (corrected AUCATG#1start-ATG#3end)
and the area of the trapezoid from the end of the third ATG infusion to
the start of the graft infusion (calculated by the logarithmic trapezoidal
method). Because the triangle from the start of the first ATG infusion
to the end of the third ATG infusion would be a crude estimate of the
AUChrG#1start-aTG#3end (Crude AUCATG#1start-ATG#3end), i 10 pa-
tients, we also determined the true AUCATG#1start-ATG#3ends derived
from ATG levels measured before and after each of the 3 ATG
infusions. The goal was to generate a correction factor used for
the calculation of the corrected AUCATG#1start ATG#3eng- 1he true
AUCATG#1start-ATG#3end Was calculated as the sum of the areas of the
triangle from the start to the end of the first ATG infusion, the
trapezoid from the end of the first ATG infusion to the start of
the second ATG infusion, the trapezoid from the start to the end of
the second ATG infusion, the trapezoid from the end of the second
ATG infusion to the start of the third ATG infusion, and the trapezoid
from the start to the end of the third ATG infusion. The median ratio of
the true AUCatg#1star-atGisend/the crude AUCatg#1stan-ATG#3end
(correction factor) was 0.781 for MNC-binding ATG, 0.787
for lymphocyte-binding ATG, 0.780 for T cell-binding ATG, 0.756
for CD4 T cell-binding ATG, and 1.206 for CD33 cell-binding ATG.
The corrected AUCATG#1start-ATG#3end fOr all 152 patients was
calculated as the crude AUCatG#1start-ATG#3end Multiplied by the
correction factor.

Post-HCT AUC (hereafter post-AUC) was calculated as the sum of
the areas of the trapezoids from pregraft to postgraft, from
postgraft to day 7, and from day 7 to day 28 and the area of the
tail (the triangle from day 28 to infinity). For patients with day-28
ATG levels lower than the limit of quantitation, the area of the tail was
arbitrarily O.
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Figure 1. CIR in patients with low (below median) vs high
pre-HCT AUC of ATG capable of binding to CD33™ cells
(top) or MNCs (bottom).

ATG capable of binding to
CD33" cells

ATG capable of binding to
MNCs

Cl of relapse

Cl of relapse

44 SHR=0300 =TT s s
- o o
P=0.010 o
1
o--
.3 4
- l—
a
r
2 i r
1
1
r
1
Above median
= = = : Below median
0 -
0 500 1000 1500 2000 2500
Days post-HCT
4
SHR=0.436
P=0.032 jmmmm——---
KE __i-°" !
Al
r 1 -
2 i o
R
Above median
= = = : Below median
0 -
0 500 1000 1500 2000 2500
Days post-HCT

Statistics

The likelihood of binary outcome between patients with high (higher
than median) vs low (lower than or equal to median) ATG levels/
AUCs was analyzed using time-to-event (survival) analysis. Specif-
ically, competing-risk regression (according to Fine and Gray) was
used for the cumulative incidence of relapse, aGVHD, and cGVHD.
Cox regression was used for overall survival (OS), relapse-free
survival (RFS), and cGRFS. Covariates and competing risks used
in these analyses are shown in supplemental Table 3. In case of
Cox regression, the assumption of proportionality was tested using
the visual inspection of log-log survival curves, the visual
inspection of Kaplan-Meier and predicted survival curves, the
Schoenfeld residuals, and time-varying covariates (determining
the time-varying effect of the same covariates as in the base
model). In case of competing-risk regression, the assumption of
proportionality was tested using the time-varying covariates. The
assumption was not violated in any 1 of the presented results.
We used STATA IC software (version 15.1; StataCorp, College
Station, TX).

The analyses of the association between the levels/AUCs of ATG
capable of binding to CD33 " cells and relapse were restricted only

€ blood advances 14 may 2019 - voLuME 3, NUMBER 9

to patients with acute myeloid leukemia, myelodysplastic syndrome,
chronic myeloid leukemia, and chronic myelomonocytic leukemia
(ie, myeloid malignancies typically expressing CD33; n = 99).

Results

ATG levels and AUCs

The median levels of MNC-binding ATG were 15.2 Ug/L at the end
of the last ATG infusion (Cna), 11.3 Ug/L pregraft, 9.8 Ug/L
postgraft, 1.6 Ug/L on day 7, and 0.15 Ug/L on day 28 (supplemental
Figure 5). The medians and ranges for the levels and AUCs of all ATG
fractions measured are listed in supplemental Table 4. There was
a correlation between pre- and post-AUC; however, the correla-
tion was weak (r < 0.55; supplemental Table 5). This, together
with the fact that the patients were treated quite uniformly, allowed
us to evaluate whether pre-AUC is associated with different
outcomes than post-AUC.

Relapse

Pre-AUCs of MNC-binding and CD33 cell-binding ATG were
associated with relapse. Patients with high (higher than median)
pre-AUC of MNC-binding ATG had a lower cumulative incidence of
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Figure 2. CIR in patients with low (below median) vs high
post-HCT AUC of ATG capable of binding to lymphocytes.
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relapse (CIR) than patients with low AUC (subhazard ratio [SHR],
0.436; P = .032; analyzed using multivariate analysis in all 152
patients). Likewise, patients with high pre-AUC of CD33 cell-binding
ATG had a lower CIR than patients with low AUC (SHR, 0.300;
P = .010; analyzed in 99 patients with acute myeloid leukemia,
myelodysplastic syndrome, chronic myeloid leukemia, or chronic
myelomonocytic leukemia; Table 2; supplemental Table 6; Figure 1).

Post-AUCs of all ATG fractions were not significantly associated
with relapse. However, there was a trend toward higher CIR in
patients with high compared with low post-AUC of ATG capable
of binding to lymphocytes (SHR, 1.957; P = .068), T cells (SHR,
1.843; P = .108), and CD4 T cells (SHR, 1.879; P = .092;
Table 2; supplemental Table 6; Figure 2).

Analogous to the association between high pre-AUC and low CIR,
there were significant associations between high C,,., and pregraft
levels of CD33-cell binding ATG and low CIR (C,.: SHR, 0.381;
P = .025; pregraft: SHR, 0.429; P = .049; supplemental Figure 6).
For MNC-binding ATG, the associations trended in the same
direction but were not significant (Cpa.: SHR, 0.617; P = .226;
pregraft: SHR, 0.572; P = .191; supplemental Table 7).

Analogous to post-AUC, there were no significant associations
between postgraft, day-7, or day-28 levels of any ATG fraction and
relapse. However, there was a trend toward high day-7 or day-28
levels of some ATG fractions and high CIR (supplemental Table 8).

Acute GVHD

High post-AUCs of ATG capable of binding to MNCs, lymphocytes,
T cells, and CD4 T cells were associated with significantly lower
likelihoods of aGVHD (Table 2; supplemental Table 6; Figure 3).

In contrast, there was no significant association between pre-AUC
and aGVHD (Table 2; supplemental Table 6). The trend toward the
association between high MNC-binding ATG and low incidence
of aGVHD (SHR, 0.626; P = .148) in Table 2 and supplemental
Table 6 is a result of a correlation between pre-AUC and post-AUC.
The trend disappeared when both pre-AUC and post-AUC were
included as variables in the competing-risk regression (SHR,
0.858; P = .651).
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There was no significant association of C., with aGVHD
(supplemental Table 7). There were significant associations of
pregraft, postgraft, day-7, and day-28 levels with aGVHD (supple-
mental Table 8). Interestingly, in the posttransplantation period,
the association between the levels and aGVHD was stronger for
postgraft and day-7 levels than for day-28 levels (supplemental
Table 8).

The association between high post-AUC and low incidence of
aGVHD may be due to the low ATG levels per se, which could be
improved by a higher pre-HCT dose or an additional post-HCT
dose, or due to rapid post-HCT ATG clearance, which could be a
surrogate of proliferation of alloreactive T cells and might not be
amenable to a change in ATG dosing. To evaluate the latter, we
determined whether there was an association between the relative
drop in ATG levels from postgraft to day 7 (postgraft level divided
by day-7 level) and aGVHD. We chose the first week post-HCT,
because the substantial proliferation of alloreactive T cells in
patients destined to develop GVHD is expected in the first week,
based on animal models of aGVHD.?83® We evaluated this for
the lymphocyte-binding ATG fraction, because post-AUC of that
fraction was most strongly associated with aGVHD (supplemen-
tal Table 6). A high (higher than median) drop was associ-
ated with a high incidence of aGVHD (SHR, 2.392; P =.010).To
determine whether the postgraft ATG level and the drop were
associated with aGVHD independent of each other, we included
both as variables in the multivariate competing-risk regression.
High drop was significantly associated with high incidence
of aGVHD (SHR, 2.066; P = .040), whereas only a trend was
observed for the association between high postgraft level and
low incidence of grade 2 to 4 aGVHD (SHR, 0.609; P = .162).
This suggests that the rapid post-HCT ATG clearance (possibly
due to alloreactive cell proliferation) could be a more important
factor than the postgraft level in the association between high
post-AUC and low aGVHD incidence.

Chronic GVHD

High post-AUC of MNC-binding ATG, lymphocyte-binding ATG,
and CD383 cell-binding ATG was significantly associated with low
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Figure 3. Cl of aGVHD (grade 2-4) in patients with low (below median) vs high post-HCT AUC of ATG capable of binding to lymphocytes, T cells, CD4 T cells,

or MNCs.

incidence of moderate to severe cGVHD in multivariate analysis
(Table 2; supplemental Table 6; Figure 4). In contrast, there was no
such association for pre-AUC.

As expected, C,.x and pregraft levels mirrored pre-AUC (Table 2;
supplemental Table 7). Postgraft and day-7 levels, but not day-28
levels, mirrored post-AUC (Table 2; supplemental Table 8).

There was no significant association between the relative drop of
MNC-binding ATG from postgraft to day 7 and the incidence of
cGVHD. Analyzing the drop from postgraft to day 28 or from day
7 to day 28 would be meaningless, because day-28 levels were
typically very low (near the quantitation limit). Therefore, the
drop from postgraft to day 28 would virtually equal the postgraft
level, and the drop from day 7 to day 28 would virtually equal the
day-7 level.

Fatal infection

Only 6 patients died as a result of an infection not related to GVHD
or relapse (supplemental Table 9). This number was too small for a
meaningful Fine-Gray multivariate analysis. Instead, we compared
AUC:s in patients who did vs did not die as a result of an infection,
using the univariate Mann-Whitney U test. Post-AUC, but not pre-
AUC, was significantly higher in the patients who did vs did not
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die as a result of an infection. This applied to MNC-binding ATG,
lymphocyte-binding ATG, T cell-binding ATG, and CD4 T cell-
binding ATG (supplemental Figure 7).

Engraftment

No GF occurred in our cohort. We analyzed correlations between
AUCs and the day of neutrophil or platelet engraftment (supple-
mental Tables 10-12).

For neutrophils, there was an inverse correlation between
pre-AUC and engraftment day (MNC-binding ATG: r = —0.278;
P = .005; lymphocyte-binding ATG: r = —0.202; P = .012).
There was no such correlation for post-AUC (supplemental
Table 10; Figure 5 top).

For platelets, similarly, there was a trend toward an inverse
correlation between pre-AUC of MNC-binding ATG and engraft-
ment day (r = —0.165; P = .055) and a significant inverse
correlation between pre-AUC of lymphocyte-binding ATG
and engraftment day (r = —0.181; P = .025). There was no
such correlation for post-AUC (supplemental Table 10; Figure 5
bottom).

To ensure that the remission status was not a confounding
factor, we performed a separate analysis of the pre-/post-AUC
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Figure 4. Cl of cGVHD (moderate to severe) in patients with low (below
median) vs high post-HCT AUC of ATG capable of binding to MNCs,
lymphocytes, or CD33 cells.

and engraftment correlation, restricted to patients with good-risk
disease (acute leukemia in complete remission or myelodyspla-
sia with <5% blasts). For neutrophils, the results were similar to
those in the whole cohort (ie, a significant inverse correlation
between pre-AUC, but not post-AUC, and engraftment day; pre-
AUC of MNC-binding ATG: r = —0.267; P = .017; supplemental
Table 11). For platelets, there was no significant correlation
between pre- or post-AUC and engraftment day (supplemental
Table 11).

Furthermore, to ensure that the day —2 MNC count was not a
confounding factor, we performed a separate analysis of the
pre-/post-AUC and engraftment correlation, restricted to patients
with O or near-0 day —2 MNC counts (=0.2 per pL). Similar
to the whole cohort, there was significant inverse correlation between

1400 DABAS et al

pre-AUC, but not post-AUC, and neutrophil engraftment (pre-
AUC of MNC-binding ATG: r = —0.287; P < .001; supple-
mental Table 12). For platelets, there was no significant correlation
between pre- or post-AUC and engraftment day (supplemental
Table 12).

In summary, the association between high pre-AUC and faster
engraftment is true for neutrophils, whereas further evaluation is
needed for platelets.

0S, RFS, and cGRFS

High pre-AUC of MNC-binding ATG was significantly associated
with high RFS (HR, 2.229; P = .011; Table 2; supplemental
Table 6; Figure 6). A similar trend existed for OS and cGRFS
(Table 2; supplemental Table 6; Figure 6).

For post-AUC, there was no significant association with OS, RFS,
or cGRFS. There was a trend toward an association between high
post-AUC of CD4 T cell-binding ATG and low OS as well as low
RFS (Table 2). There was also a trend toward an association
between high post-AUC of CD33 cell-binding ATG and high
cGRFS (Table 2).

As expected, C,ox and pre-graft levels mirrored pre-AUC (Table 2;
supplemental Table 7), and day-7 and day-28 levels mirrored post-
AUC (Table 2; supplemental Table 8). Notably, there was an
association between high C,., of MNC-binding ATG and high RFS.
In contrast, there was the trend toward an association between high
day-7 or day-28 level of MNC-binding ATG or CD4 T cell-binding
ATG and low RFS (supplemental Table 8).

A caveat to these analyses of the association between ATG AUCs/
levels and relapse, GVHD, OS, RFS, or cGRFS is the assumption
that the higher/lower the AUC/level, the higher/lower the likelihood
of the outcome. This would be invalid for outcomes that are
more (or less) likely to occur when the AUC/level is high or low
compared with intermediate. To determine whether such a relation
applies to any of our AUC-outcome combinations, we split patients
into quintiles according to pre-AUC and post-AUC. For each
AUC-outcome combination, we determined whether quintile 1
was significantly different from quintile 2, 3, or 4 and whether
quintile 5 was significantly different from quintile 2, 3, or 4. If
quintile 2, 3, or 4 was significantly different from both quintiles 1
and 5, we concluded that the assumption that the higher/
lower the AUC, the higher/lower the likelihood of the out-
come is invalid. This was the case only for the AUC-outcome
combination of post-AUC of CD33 cell-binding ATG and
aGVHD (supplemental Figures 8-12). Therefore, we conclude
that the caveat probably applies only to this 1 AUC-outcome
combination.

It is known that the levels/AUCs of lymphocyte-binding ATG or
Jurkat T cell-binding ATG are strongly influenced by the absolute
lymphocyte count (ALC) before the first ATG infusion.2%404
Consistent with this, we observed a significant correlation
between day —2 ALC and both pre-AUC and post-AUC
of lymphocyte-binding ATG (supplemental Table 13). Analo-
gously, there was also a significant correlation between day —2
absolute MNC count and both pre-AUC and post-AUC of
MNC-binding ATG. There was no significant association be-
tween day-28 ALC or absolute MNC count and the respective
pre-AUC or post-AUC (supplemental Table 13).
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correlation between pre-AUC and neutrophil engraftment (P = .005) was significant, and the correlation between pre-AUC and platelet engraftment (P = .055) was near

significant. There was no significant correlation between post-AUC and neutrophil or platelet engraftment.

Discussion

We investigated the differential effect of pre- vs post-AUC on
relapse. On the basis of the multivariate analysis results, we
propose that higher pre-AUC had a positive effect on CIR and
RFS and possibly OS. The opposite seemed to apply to post-
AUC (ie, high post-AUC had a negative effect on CIR, RFS, and
0S). The opposite effect of pre- vs post-AUC could be the
reason why randomized trials have reported a neutral effect of
ATG on relapse.'®"? The association between high pre-AUC and
low CIR suggests that the direct antileukemic effect of ATG
described in vitro'®'* is operational in vivo. In contrast, after HCT,
the direct antileukemic effect may be overshadowed by ATG
inhibiting GVL effect. We propose this because of the trend toward
the association between high post-AUC and high CIR and the
strong association between high post-AUC and low incidence of
GVHD, which may be a surrogate for GVL effect.>#>43

The differential effect of pre- vs post-AUC on outcomes was
evaluated to our knowledge in only 2 published studies, by Admiraal
et al** and Jamani et al.*° Regarding relapse, no association with
pre-AUC was found. This is likely due to differences in the ATG
fractions measured. Admiraal et al measured Jurkat T cell-binding
ATG, and Jamani et al measured lymphocyte-binding ATG. In our
study, the low CIR was associated with pre-AUC of MNC-binding
ATG and CDS33 cell-binding ATG, but not lymphocyte-binding
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ATG. The latter is consistent with the studies by both Admiraal et al
and Jamani et al. Regarding our finding of the trend toward the
association between high post-AUC of lymphocyte-binding ATG
and high CIR, similar trends appeared in both Admiraal et al and
Jamani et al studies. In the Admiraal et al study, the evidence was
indirect. High post-AUC was associated with poor CD4 T cell
reconstitution, which was associated with high relapse-related
mortality. It is reassuring that another study, which focused only on
post-AUC,'® also found a significant association between high
post-AUC and high relapse-related mortality.

GVHD in the Admiraal et al** study of the differential effect of pre-
vs post-AUC was associated with both pre- and post-AUC in
univariate analysis. However, in multivariate analysis, GVHD was
associated only with pre-AUC.** The reason for the discrepancy
between this and our finding is unclear. However, there are multiple
differences between the studies that could play a role (eg, pediatric
vs adult patients, patients with mostly nonmalignant vs malignant
diseases, marrow or cord blood grafts vs blood stem cells, early
[starting on day —9 or —5] vs late [starting on day —2] administration
of ATG, measurement of ATG levels capable of binding to Jurkat
T cells vs MNCs/MNC subsets, or calculation of AUCs based on a
population PK model vs trapezoidal rule in the Admiraal et al study vs
our study, respectively). The findings of Jamani et al*° on GVHD were
more similar to those of our study, because high post-AUC in the
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Figure 6. RFS, cGRFS, and OS in patients with low (below median) vs high
pre-HCT AUC of MNC-binding ATG.

Jamani et al study was significantly associated with low incidence
of aGVHD, whereas there was only a trend toward an association
between the low incidence of aGVHD and high pre-AUC.

Our observation of post-AUC (and not pre-AUC) being higher in
patients who died as a result of an infection is consistent with the
Admiraal et al** study, which showed that high post-AUC (and not
pre-AUC) was associated with poor CD4 T-cell reconstitution,
which was associated with high nonrelapse mortality mostly result-
ing from infections. It is also consistent with the Jamani et al*° study,
which showed that non—-GVHD-associated nonrelapse mortality
(presumably because of infections) was associated with high post-
AUC (and not pre-AUC).

Inconsistent data exist in the literature on the effect of ATG on
engraftment. The Admiraal et al** study showed an association
between high pre-AUC (and not post-AUC) of ATG and low
incidence of GF. In contrast, the randomized study by Soiffer et al*®
of rabbit anti-Jurkat T-cell globulin (Grafalon) vs placebo in adult
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recipients of blood stem cells showed that the study drug was
associated with a higher incidence of GF. In 2 of 3 randomized
studies of ATG and 4 of 4 randomized studies of rabbit anti-Jurkat
T-cell globulin vs no or low-dose ATG, delayed engraftment of
neutrophils and/or platelets was noted, with no impact on GF,
except in the Soiffer et al study.""*®*® Per our study, high pre-AUC
seems to accelerate engraftment, particularly neutrophil engraft-
ment, whereas post-AUC seems to have no impact on engraftment.

Whether the ATG level at a certain time point vs the AUC containing
that time point is more strongly associated with an outcome is a
matter of debate. The data generated in this study favor AUC, but
they are inconclusive (Table 2; supplemental Tables 7 and 8). For
example, pre-AUC showed a stronger association with relapse than
Cinax both for MNC-binding ATG (SHR, 0.436 vs 0.617; P = .032 vs
.226) and CD33 cell-binding ATG (SHR, 0.300 vs 0.381; P = .010
vs .025). As another example, post-AUC of lymphocyte-binding ATG
or T cell-binding ATG showed a stronger association with grade 2 to
4 aGVHD than day-7 levels (lymphocyte-binding ATG: SHR, 0.275 vs
0.287; P <.001 vs .001; T cell-binding ATG: SHR, 0.316 vs 0.337;
P = .001 vs .002). In contrast, post-AUC of MNC-binding ATG,
CD4 T cell-binding ATG, or CD33 cell-binding ATG showed a
weaker association with grade 2 to 4 aGVHD than day-7 level (MNC-
binding ATG: SHR, 0.391 vs 0.308; P = .007 vs .001; CD4
T cell-binding ATG: SHR, 0.366 vs 0.344; P = .004 vs .003; CD33
cell-binding ATG: SHR, 0.766 vs 0.424; P = .408 vs .013).

Our study has limitations. (1) Because of the unavailability of serum
specimens for all 152 patients from the end of ATG infusion (Cax),
we estimated the ATG levels from the median population log/linear
distribution phase slope of C., to graft infusion time, assum-
ing a completed distribution, which was an unknown. Although
we demonstrated that the estimation was reasonably accurate
(supplemental Figure 3), this could bring an element of inaccuracy.
(2) The AUCs were calculated using the trapezoidal rule, because
serum for ATG level determination was collected at only 4 or 5 time
points, which precluded building a compartmental population PK
model. (3) The low incidence of fatal infections (only 6 patients died
as a result of an infection) did not allow for multivariate analysis
for the association between pre-/post-AUC and fatal infections.
Likewise, only 7 patients developed grade 3 to 4 aGVHD. This did
not allow for multivariate analysis for the association between pre-/
post-AUC and grade 3 to 4 aGVHD.

Barring these limitations, our study suggests that high pre-AUC has
only beneficial effects (antirelapse and proengraftment), whereas
high post-AUC has both beneficial (anti-GVHD) and deleterious
effects (prorelapse and proinfection; Figure 7).

This suggests that CIR could be further improved without negatively
affecting GVHD, engraftment, or posttransplantation infections
through administration of high-dose ATG early in conditioning. The
goal would be to achieve a higher-than-conventional pre-AUC and a
similar-to-conventional post-AUC. To reach this goal, knowledge
of factors influencing ATG PKs, partly elucidated by the Utrecht
group,*'** needs to be further refined (eg, expanded to ATG
fractions other than Jurkat T cell-binding ATG or to HCT settings
[eg, conditioning-graft-GVHD prophylaxis combinations] other
than those studied by the Utrecht group). Given the high
interindividual variability in ATG PKs, individualized and/or PK-
adjusted dosing may be needed. If the goal of achieving an ideal
high (higher-than-conventional) pre-AUC and ideal (possibly
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similar-to-conventional) post-AUC is reached, it should lead to
improved RFS and could lead to improved OS. This should be
studied in a clinical trial.

Acknowledgments

The authors thank Liela Mendoza, Melissa Jenkins, Cynthia Lam,
Mamta Kantharia, and Krista Dyck for invaluable help with data or
specimen collection and the staff of the Alberta Blood and Marrow
Transplant Program, including inpatient and outpatient nurses
(led by Lorraine Harrison and Naree Ager), nurse practitioner
Nanette Cox-Kennett, and physicians including M. Nancy
Zacarias, Ping Yue, Nizar Bahlis, Chris Brown, Peter Duggan,
Michelle Geddes, Mona Shafey, Jason Tay, Minakshi Taparia, and
Douglas A. Stewart.

This study was supported by the Alberta Cancer Foundation, the
Buckley Foundation, R. W. (Bob) Taylor, and the Pearson family.

References

Authorship

Contribution: R.D. measured the ATG levels, analyzed the data,
and wrote the manuscript; K.J., S.O., and C.D. contributed to
data collection; S.B.K., P.D.-K,, D. Morris, D. Mahoney, T.S.W.,
L.S., A.C,, V.HJ.-Z,, F.M.K,, and A.D. provided scientific input;
and J.S. conceived the idea and supervised the execution of the
project.

Conflict-of-interest disclosure: J.S. has received research funding
from Sanofi. K.J. received honoraria from Sanofi. The remaining
authors declare no competing financial interests.

ORCID profiles: S.0., 0000-0002-0585-1264; D. Morris, 0000-
0003-2137-9307; L.S., 0000-0003-0301-5139.

Correspondence: Rosy Dabas, University of Calgary, 3310 Hospital
Dr NW, Calgary, AB T2N 4N1, Canada; e-mail: rdabas@ucalgary.ca.

1. Bacigalupo A, Van Lint MT, Occhini D, et al. Increased risk of leukemia relapse with high-dose cyclosporine A after allogeneic marrow transplantation for

acute leukemia. Blood. 1991;77(7):1423-1428.

2. Storb R, Deeg HJ, Pepe M, et al. Methotrexate and cyclosporine versus cyclosporine alone for prophylaxis of graft-versus-host disease in patients given
HLA-identical marrow grafts for leukemia: long-term follow-up of a controlled trial. Blood. 1989;73(6):1729-1734.

3. Locatelli F, Zecca M, Rondelli R, et al. Graft versus host disease prophylaxis with low-dose cyclosporine-A reduces the risk of relapse in
children with acute leukemia given HLA-identical sibling bone marrow transplantation: results of a randomized trial. Blood. 2000;95(5):

1572-1579.

4. Wagner JE, Thompson JS, Carter SL, Kernan NA, Unrelated Donor Marrow T; Unrelated Donor Marrow Transplantation Trial. Effect of graft-versus-host
disease prophylaxis on 3-year disease-free survival in recipients of unrelated donor bone marrow (T-cell Depletion Trial): a multi-centre, randomised phase

IIHIl trial. Lancet. 2005;366(9487):733-741.

€ blood advances 14 may 2019 - voLuME 3, NUMBER 9

PRE- VS POST-HCT EXPOSURE TO ATG AND RELAPSE 1403

202 AeIN Zz uo 158nB Aq Jpd-15,Z0E0S90UBADE/ L€/ LEIL/VBE L/6/€/1Pd-0]0ILIE/S80UBAPEPOO|d/IoU"SUONEDlgNdyse//:dny Woy papeojumod


http://orcid.org/0000-0002-0585-1264
http://orcid.org/0000-0003-2137-9307
http://orcid.org/0000-0003-2137-9307
http://orcid.org/0000-0003-0301-5139
mailto:rdabas@ucalgary.ca

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

283.

24,

25.

26.

27.
28.

29.

30.

31.

32.
33.

Marmont AM, Horowitz MM, Gale RP, et al. T-cell depletion of HLA-identical transplants in leukemia. Blood. 1991;78(8):2120-2130.

Aschan J, Ringdén O, Sundberg B, Gahrton G, Ljungman P, Winiarski J. Methotrexate combined with cyclosporin A decreases graft-versus-host disease,
but increases leukemic relapse compared to monotherapy. Bone Marrow Transplant. 1991;7(2):113-119.

Carlens S, Aschan J, Remberger M, Dilber M, Ringdén O. Low-dose cyclosporine of short duration increases the risk of mild and moderate GVHD and
reduces the risk of relapse in HLA-identical sibling marrow transplant recipients with leukaemia. Bone Marrow Transplant. 1999;24(6):629-635.

Lee KH, Choi SJ, Lee JH, et al. Cyclosporine alone vs cyclosporine plus methotrexate for post-transplant immunosuppression after HLA-identical sibling
bone marrow transplantation: a randomized prospective study. Bone Marrow Transplant. 2004;34(7):627-636.

Michallet M, Perrin MC, Belhabri A, et al. Impact of cyclosporine and methylprednisolone dose used for prophylaxis and therapy of graft-versus-host
disease on survival and relapse after allogeneic bone marrow transplantation. Bone Marrow Transplant. 1999;23(2):145-150.

Chang YJ, Wang Y, Mo XD, et al. Optimal dose of rabbit thymoglobulin in conditioning regimens for unmanipulated, haploidentical, hematopoietic stem
cell transplantation: long-term outcomes of a prospective randomized trial. Cancer. 2017;123(15):2881-2892.

Walker |, Panzarella T, Couban S, et al; Canadian Blood and Marrow Transplant Group. Pretreatment with anti-thymocyte globulin versus no anti-
thymocyte globulin in patients with haematological malignancies undergoing haemopoietic cell transplantation from unrelated donors: a randomised,
controlled, open-label, phase 3, multicentre trial. Lancet Oncol. 2016;17(2):164-173.

Bacigalupo A, Lamparelli T, Barisione G, et al; Gruppo ltaliano Trapianti Midollo Osseo (GITMO). Thymoglobulin prevents chronic graft-versus-host
disease, chronic lung dysfunction, and late transplant-related mortality: long-term follow-up of a randomized trial in patients undergoing unrelated donor
transplantation. Biol Blood Marrow Transplant. 2006;12(5):560-565.

Dabas R, Lee R, Servito MT, et al. Antithymocyte globulin at clinically relevant concentrations kills leukemic blasts. Biol Blood Marrow Transplant. 2016;22(5):815-824.

Dabas R, Dharmani-Khan P, Modi M, et al. Anti-thymocyte globulin’s activity against acute myeloid leukemia stem cells. Bone Marrow Transplant. 2019;
54(4):549-559.

Girillich C, Ziegler C, Finke J. Rabbit anti T-lymphocyte globulin induces apoptosis in peripheral blood mononuclear cell compartments and leukemia
cells, while hematopoetic stem cells are apoptosis resistant. Biol Blood Marrow Transplant. 2009;15(2):173-182.

Yoshimi A, Ito M, Kojima S. Leukemic cell death induced by antithymocyte globulin. Leuk Res. 2005;29(7):821-827.

Ayuk FA, Atassi N, Schuch G, et al. Complement-dependent and complement-independent cytotoxicity of polyclonal antithymocyte globulins in chronic
lymphocytic leukemia. Leuk Res. 2008;32(8):1200-1206.

Ayuk F, Maywald N, Hannemann S, Larsen U, Zander A, Kréger N. Comparison of the cytotoxicity of 4 preparations of anti-T-cell globulins in various
hematological malignancies. Anticancer Res. 2009;29(4):1355-1360.

Admiraal R, Nierkens S, de Witte MA, et al. Association between anti-thymocyte globulin exposure and survival outcomes in adult unrelated haemopoietic
cell transplantation: a multicentre, retrospective, pharmacodynamic cohort analysis. Lancet Haematol. 2017;4(4):e183-e191.

Russell JA, Irish W, Balogh A, et al. The addition of 400 cGY total body irradiation to a regimen incorporating once-daily intravenous busulfan, fludarabine,
and antithymocyte globulin reduces relapse without affecting nonrelapse mortality in acute myelogenous leukemia. Biol Blood Marrow Transplant. 2010;
16(4):509-514.

Kangarloo SB, Naveed F, Ng ES, et al. Development and validation of a test dose strategy for once-daily i.v. busulfan: importance of fixed infusion rate
dosing. Biol Blood Marrow Transplant. 2012;18(2):295-301.

Lewis V, Naveed F, Kangarloo S, et al. Influence of busulfan exposure on allogeneic transplant outcome using a fludarabine/busulfan/Thymoglobulin/total
body irradiation preparative regimen for adult acute myelogenous leukemia [abstract]. Bone Marrow Transplant. 2010;45:83. Abstract P403.

Jamani K, MacDonald J, Lavoie M, et al. Zoster prophylaxis after allogeneic hematopoietic cell transplantation using acyclovir/valacyclovir followed by
vaccination. Blood Adv. 2016;1(2):152-159.

Kalra A, Williamson T, Daly A, et al. Impact of donor and recipient cytomegalovirus serostatus on outcomes of antithymocyte globulin-conditioned
hematopoietic cell transplantation. Biol Blood Marrow Transplant. 2016;22(9):1654-1663.

Kalra A, Roessner C, Jupp J, et al. Epstein-barr virus DNAemia monitoring for the management of post-transplant lymphoproliferative disorder.
Cytotherapy. 2018;20(5):706-714.

Kalra A, Roessner C, Jupp J, et al. Risk factors for post-transplant lymphoproliferative disorder after Thymoglobulin-conditioned hematopoietic cell
transplantation. Clin Transplant. 2018;32(1):e13150.

Przepiorka D, Weisdorf D, Martin P, et al. 1994 Consensus Conference on Acute GVHD Grading. Bone Marrow Transplant. 1995;15(6):825-828.

Jagasia MH, Greinix HT, Arora M, et al. National Institutes of Health Consensus Development Project on Criteria for Clinical Trials in Chronic Graft-versus-
Host Disease: |. The 2014 Diagnosis and Staging Working Group report. Biol Blood Marrow Transplant. 2015;21(3):389-401.e1.

Storek J, Dawson MA, Storer B, et al. Inmune reconstitution after allogeneic marrow transplantation compared with blood stem cell transplantation.
Blood. 2001;97(11):3380-3389.

Jamani K, Dabas R, Kangarloo SB, et al. Rabbit antithymocyte globulin serum levels: factors impacting the levels and clinical outcomes impacted by the
levels. Biol Blood Marrow Transplant. 2019;25(4):639-647.

Hoegh-Petersen M, Amin MA, Liu Y, et al. Anti-thymocyte globulins capable of binding to T and B cells reduce graft-vs-host disease without increasing
relapse. Bone Marrow Transplant. 2013;48(1):105-114.

Horowitz MM, Gale RP, Sondel PM, et al. Graft-versus-leukemia reactions after bone marrow transplantation. Blood. 1990;75(3):555-562.

Pruessner JC, Kirschbaum C, Meinlschmid G, Hellhammer DH. Two formulas for computation of the area under the curve represent measures of total
hormone concentration versus time-dependent change. Psychoneuroendocrinology. 2003;28(7):916-931.

1404 DABAS et al 14 MAY 2019 - VOLUME 3, NUMBER 9 €& blood advances

202 AeIN Zz uo 158nB Aq Jpd-15,Z0E0S90UBADE/ L€/ LEIL/VBE L/6/€/1Pd-0]0ILIE/S80UBAPEPOO|d/IoU"SUONEDlgNdyse//:dny Woy papeojumod



34.
35.
36.
37.
38.

39.
40.

41,

42,

43.
44,

45.

46.

47.

48.
49.

€ blood advances 14 may 2019 - voLuME 3, NUMBER 9

Waller EK, Langston AA, Lonial S, et al. Pharmacokinetics and pharmacodynamics of anti-thymocyte globulin in recipients of partially HLA-matched blood
hematopoietic progenitor cell transplantation. Biol Blood Marrow Transplant. 2003;9(7):460-471.

Kakhniashvili I, Filicko J, Kraft WK, Flomenberg N. Heterogeneous clearance of antithymocyte globulin after CD34 +-selected allogeneic hematopoietic
progenitor cell transplantation. Biol Blood Marrow Transplant. 2005;11(8):609-618.

Storek J, Mohty M, Boelens JJ. Rabbit anti-T cell globulin in allogeneic hematopoietic cell transplantation. Biol Blood Marrow Transplant. 2015;21(6):
959-970.

Call SK, Kasow KA, Barfield R, et al. Total and active rabbit antithymocyte globulin (rATG;Thymoglobulin) pharmacokinetics in pediatric patients
undergoing unrelated donor bone marrow transplantation. Biol Blood Marrow Transplant. 2009;15(2):274-278.

Beilhack A, Schulz S, Baker J, et al. In vivo analyses of early events in acute graft-versus-host disease reveal sequential infiltration of T-cell subsets. Blood.
2005;106(3):1113-1122.

Panoskaltsis-Mortari A, Price A, Hermanson JR, et al. In vivo imaging of graft-versus-host-disease in mice. Blood. 2004;103(9):3590-3598.

Admiraal R, van Kesteren C, Jol-van der Zijde CM, et al. Population pharmacokinetic modeling of Thymoglobulin(®) in children receiving allogeneic-
hematopoietic cell transplantation: towards improved survival through individualized dosing. Clin Pharmacokinet. 2015;54(4):435-446.

Admiraal R, Nierkens S, de Witte MA, et al. Association between anti-thymocyte globulin exposure and survival outcomes in adult unrelated haemopoietic
cell transplantation: a multicentre, retrospective, pharmacodynamic cohort analysis [published correction appears in Lancet Haematol. 2017;4(5):e201].
Lancet Haematol. 2017;4(4):¢183-e191.

Weiden PL, Sullivan KM, Flournoy N, Storb R, Thomas ED; Seattle Marrow Transplant Team. Antileukemic effect of chronic graft-versus-host disease:
contribution to improved survival after allogeneic marrow transplantation. N Eng/ J Med. 1981;304(25):1529-1533.

Martin PJ, Hansen JA, Buckner CD, et al. Effects of in vitro depletion of T cells in HLA-identical allogeneic marrow grafts. Blood. 1985;66(3):664-672.

Admiraal R, van Kesteren C, Jol-van der Zijde CM, et al. Association between anti-thymocyte globulin exposure and CD4+ immune reconstitution in
paediatric haemopoietic cell transplantation: a multicentre, retrospective pharmacodynamic cohort analysis. Lancet Haematol. 2015;2(5):e194-€203.

Soiffer RJ, Kim HT, McGuirk J, et al. Prospective, randomized, double-blind, phase Il clinical trial of anti-T-lymphocyte globulin to assess impact on chronic
graft-versus-host disease-free survival in patients undergoing HLA-matched unrelated myeloablative hematopoietic cell transplantation. J Clin Oncol.
2017;35(36):4003-4011.

Bacigalupo A, Lamparelli T, Bruzzi P, et al. Antithymocyte globulin for graft-versus-host disease prophylaxis in transplants from unrelated donors: 2
randomized studies from Gruppo ltaliano Trapianti Midollo Osseo (GITMO). Blood. 2001;98(10):2942-2947.

Finke J, Bethge WA, Schmoor C, et al; ATG-Fresenius Trial Group. Standard graft-versus-host disease prophylaxis with or without anti-T-cell globulin in
haematopoietic cell transplantation from matched unrelated donors: a randomised, open-label, multicentre phase 3 trial. Lancet Oncol. 2009;10(9):
855-864.

Kréger N, Solano C, Wolschke C, et al. Antilymphocyte globulin for prevention of chronic graft-versus-host disease. N Engl J Med. 2016;374(1):43-53.

Locatelli F, Bernardo ME, Bertaina A, et al. Efficacy of two different doses of rabbit anti-T-lymphocyte globulin to prevent graft-versus-host disease in
children with haematological malignancies transplanted from an unrelated donor: a multicentre, randomised, open-label, phase 3 trial. Lancet Oncol.
2017;18(8):1126-1136.

PRE- VS POST-HCT EXPOSURE TO ATG AND RELAPSE 1405

202 AeIN Zz uo 158nB Aq Jpd-15,Z0E0S90UBADE/ L€/ LEIL/VBE L/6/€/1Pd-0]0ILIE/S80UBAPEPOO|d/IoU"SUONEDlgNdyse//:dny Woy papeojumod



