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Higher cyclosporine-A
concentration increases

the risk of relapse in AML
following allogeneic stem cell
transplantation from unrelated
donors using anti-thymocyte
globulin

Mikael Lisak2*?, Malin Nicklasson?, Robert Palmason?, Stina Wichert?, Cecila Isaksson*,
Per-Ola Andersson??, Jan-Erik Johansson'?, Stig Lenhoff3, Mats Brune2 &
Markus Hansson®23

Cyclosporine-A (CsA) is used to prevent acute graft-versus-host disease (aGvHD). European Society for
Blood and Marrow transplantation (EBMT) recommends a CsA target serum concentration of 200-

300 pg/L during the first month after allogeneic hematopoietic stem cell transplantation (HSCT). With
this study, we investigated whether a median CsA concentration >200 pg/L (CsAy,g,) the first month
after HSCT, compared to <200 pg/L (CsA,,,), increased the relapse risk of acute myloid leukemia
(AML), using unrelated donors (URD) and antithymocyte globulin (ATG). Data was collected from 157
patients with AML, transplanted 2010-2016. The cumulative incidence of relapse (CIR) at 60 months
was 50% in the CsA;g, versus 32% in the CsA,,,, group (p =0.016). In univariate analysis, CsAyg, versus
CsA.,, (p=0.028), 10-unit increase of CsA as a continuous variable (p=0.017) and high risk disease
(p=0.003) were associated with higher CIR. The results remained after adjusting for disease risk. Death
following relapse occurred more frequently in the CsAy;g, group (p=0.0076). There were no significant
differences in rates of aGvHD, chronic GvHD (cGvHD), EBV/CMV-infections or overall survival (OS)
between the two groups. In conclusion, we found that a median CsA concentration>200 pg/L, the first
month after HSCT, results in higher CIR of AML when combined with ATG.

Allogeneic hematopoietic stem cell transplantation (HSCT) is an effective treatment to prevent relapse for
patients with acute myloid leukemia (AML). However, relapse remains the leading cause of death after HSCT'~>.
Graft-versus-host disease (GVHD) is a common complication after HSCT despite the use of prophylactic meas-
ures, and can potentially lead to additional morbidity*”’, increased non-relapse mortality (NRM) and reduced
overall survival (OS)%°.

Cyclosporine-A (CsA) is commonly used for the prevention of acute GvHD (aGvHD)!'*-!*, Higher CsA con-
centrations, especially during the first month after transplant, including the period of engraftment, have been
found to reduce the occurrence and severity of aGvHD'*!*-'”. The European Society for Blood and Marrow
transplantation (EBMT) recommends targeting of CsA serum concentration at 200-300 pg/L during the first
month after HSCT as prophylaxis against aGvHD'®. However, some studies have found a correlation between
higher CsA concentration and relapse of hematological malignancies'*-?2. Antithymocyte globulin (ATG) is
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an immunosuppressive agent that prevents or alleviates GvHD, particulary reducing the incidence and sever-
ity of chronic GvHD (cGvHD)*"%. Historically, ATG has mostly been used when involving unrelated donors
(URD), but in recent years also with allografts from related donors (RD)?*?%. While ATG is frequently used as
prophylaxis against cGvHD?, there are conflicting evidence regarding its effect on relapse incidence, and there
is no clear consensus on optimal dosage in different transplantation settings*>**~*. Higher ATG dosages have
been linked to increased relapse risk®!, and therefore, there is concern that the T-cell depletion may impair the
Graft-versus-Leukemia effect (GvL).

Nevertheless, CsA, often in combination with methotrexate (MTX) and ATG, is still considered a cornerstone
drug for the prevention of aGVHD and graft rejection's.

To our knowledge, no study has specifically analyzed the impact of CsA exposure on the risk of AML relapse
when combined with ATG. Therefore, the aim of this study was to investigate whether a higher level of CsA blood
concentration during the first month after HSCT (>200 pg/L; CsAyg, versus <200 pg/L; CsAy,), in combination
with ATG, is associated with increased incidence of AML relapse.

Methods

Patients

This retrospective study recruited adult patients with AML allografted between 2010 and 2016 at three Swedish
transplant centers (Sahlgrenska University Hospital, Gothenburg, Skane University Hospital, Lund and Norrland
University Hospital, Umed).

The inclusion criterias were: (1) AML diagnosis, (2) age > 18 years, (3) HSCT with an URD between 2010 and
2016, (4) stem cell source being bone marrow or peripheral blood stem cells (PBSC), (5) reduced or myeloabla-
tive conditioning (RIC, MAC) and (6) ATG, MTX and CsA as GvHD prophylaxis.

The exclusion criterias were: (1) haploidentical donor, (2) cord blood cell transplant, (3) conditioning with
total lymphoid irradiation, (4) pre-transplant alemtuzumab in conditioning or less than two months before
HSCT, (5) mycophenolate (within 30 days post-HSCT) and (6) CsA treatment < 30 days.

The study was approved by the Ethic Review Board of Gothenburg (“Regionala etikprovningsnamnden i
Goteborg”) (Dnr 144-18), and for this retrospective study, informed consent was waived by “Regionala etik-
prévningsnamnden i G6teborg”. All research was performed in accordance with relevant guidelines/regulations
and in accordance with the Declaration of Helsinki.

Data collection
Clinical data were collected from medical records.

Immunosuppressive treatment

All patients received ATG (Thymoglobuline” or ATG-Fresenius/Grafalon). In addition, a short course of intra-
venous MTX(2-4 daily doses, 16-45 mg/m?, between day+1 to+ 11 post HST) was administrated as GYHD
prevention to all patients (Table 1).

Cyclosporine

Initially, the patients routinely received CsA intravenously and later switched to oral formulation when tolerated.
CsA was administered twice daily and dosage was adjusted to intended concentrations (usually between 150 and
250 pg/L). During the hospitalization period, the trough whole blood CsA samples were collected daily, 12 h
after the prior dose and immediately before the morning dose, both after intravenous and oral administration.
See Supplementary 1 regarding methods to analyze CsA concentration. Markedly divergent concentrations
were excluded. All CsA concentrations the first 30 days after HSCT were registered from which the median CsA
concentration was calculated for each patient.

AML-relapse risk categorization

The risk of relapse at transplantion was categorized into low, intermediate or high risk according to a risk
categorization manual (Supplementary 2) based on the Swedish National Guidelines for AML. The risk was
determined by using cytogenetics and mutational status, when available, as well as disease-related factors and
treatment response.

Minimal residual disease (MRD) status was not included in the risk categorization due to lack of information
about MRD in many patients at the time of this study. Though, for the patients with available pre-transplant
MRD status, its influence on relapse risk was analyzed separately. In these cases, immunophenotyping was almost
exclusively (92%) used to assess MRD, with the cut-oft>0,1% regarded as positive. In a few cases PCR (NPM1
mutation) was used to assess MRD.

Graft-versus-host disease
Acute GVHD was based on medical records and defined and graded according to the modified Glucksberg
criteria®. The National Institute of Health (NIH) Consensus Development Project 2014 guidelines were used to
define and score cGvHD in each involved organ®.

Graft-versus-host disease was registered according to the criteria, within the specified time period or until
relapse, re-transplation or death.
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Characteristic CsA conc <200 ug/L (n=87) | CsA conc >200 ug/L (n=70) | P value
Age at alloSCT, median (range), years 56 (19-71) 51.5(18-71) 0.26
Female gender, n (%) 38 (44) 32 (46) 0.80
HCT-CI score, n (%)°
0-2 63 (72) 47 (68)
3-5 23 (26) 20 (29) 0.52
>6 1) 2(3)
Disease risk group, n (%)*
Intermediate 26 (30) 21 (30) 0.99
High 61 (70) 49 (70)
Disease stage at HSCT, n (%)*
Non-CR 10 (11) 4(6) 0.27
Minimal residual disease at HSCT, n (%)°
Negative 38 (44) 27 (39)
Positive $(9) 6(9) 093
Not done 40 (46) 37 (53) 0.52
Stem cell source, n (%)
BM 8(9) 4(6)
PBSC 79 (91) 66 (94) 067
HLA matching, n (%)°
10/10 73 (84) 54 (77)
<9/10 13 (15) 16 (23) 022
<7/8 8(9) 7 (10) 0.88
Gender matching (patient/donor), n (%)
Male/female 4(5) 7 (10) 022
All other combinations 83 (95) 63 (90)
CMV-IgG (patient/donor), n (%)*
Positive/negative 29 (34) 17 (25) 0.22
Positive/positive 36 (42) 30 (43) 0.84
Negative/positive 2(2) 3(4) 0.66
Negative/negative 19 (22) 19 (28) 0.43
Donor age, median (range), years 25 (18-54)* 27 (18-59) 0.24
Creatinine clearence, n (%)
eGFR", median (range) (ml/min) day — 1 from HSCT 92 (56-154) 91.5 (64-129) 0.84
eGFR", median (range) (ml/min) day + 21 from HSCT 74 (26-132) 78.5 (35-126) 0.26
Conditioning, n (%)
RIC
Flu150-180 + Bu8/BuS 6.4 (n=79) 48 (55) 31 (44)
Flu150 + Treo42 (n=5)
MAC 0.18
CYH00-120 1 BU16/BuS9 6128 (=34 9 45) 3 60
Flu150-180 +Bul6/Bus9.6-12.8 (n=30)
ATG, n (% of ATG)
ATG-Fresenius™/Grafalon™ 17 (20) 13 (19) 0.88
30 mg/kg 2(12) 1(8) Lo
40 mg/kg 15 (88) 12(92)
Thymoglobulin™ 70 (80) 57 (81) 0.88
4-5 mg/kg 53 (76) 37 (65) o8
6-8 mg/kg 17 (24) 20 (35)
MTX, n (% of MTX)
MTX median total dose (range) (mg/m?) 35 (16-45) 35 (16-45) [ 0.003
Median CsA concentration
CsA conc, median (range) (ug/L) | 180 (140.5-200) [ 215 (200.5-260) [ <0001

Table 1. Background characteristics (n=157). ~eGFR measured with the Lund—-Malmo revised (LMR)
equation®. CsA cyclosporine-A, HCT-CI hematopoietic cell transplantation comorbidity index, CR complete
remission, BM bone marrow, PBSC peripheral blood stem cells, CMV cytomegalovirus, eGFR estimatied
glomerular filtratrion rate, RIC reduced intensity conditioning, MAC myeloablative conditioning, Flu
fludarabine, Bu busulfan (orally), BuS busulfan (intravenously), Cy cyclophosphamide, Treo treosulfan, TBI
total body irradiation, anti-thymocyte globulinacute, MTX methotrexate. *Data missing for one patient. *Data
missing for two patients. “Risk categorization according to Supplementary 1.
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Conditioning intensity

Reduced intensity and myeloablative condtitioning w defined according to Bacigalupo et al.*>. Total Body Irra-
diation > 8 Gy fractionated and Busulfan > 8 mg/kg orally (Bu) or > 6,4 mg/kg intravenous (BuS) was regarded
as MAC. Treosulfan-based conditioning was defined as RIC (non-myeloablative), when the total treosulfan dose
was 30 g/m?, and as MAC (toxicity-reduced) when the total dose was 42 g/m?.

Study endpoints

The primary endpoint was the cumulative incidence of relapse (CIR) at 60 months after HSCT. Secondary

endpoints were aGvHD (any grade, grade 2-4 and 3-4), cGvHD (any grade within 12 months and moderate/

severe cGVHD within 24 months post-HSCT), NRM, relapse-free survival (RFS), time to relapse (TTR) and OS.
Non-relapse mortality was defined as death without previous occurrence of relapse. RFS was defined as sur-

vival without occurrence of relapse or death of any cause. Time to relapse was defined as time to first evidence

of relapse.

Statistical analysis

The median CsA concentration was used for analyses due to skew distribution of values. The Cyclosporine-
A exposure was dichotomized by cut-off based on EBMT recommendation'®; CsAy,,>200 pg/L and
CsAy,,, <200 pg/L. The Cyclosporine-A exposure was also analyzed by using concentration as a continuous
variable and by sectioning the patients into quartiles (based on lowest to highest concentration). Baseline charac-
teristics in the CsAy, and CsAy,,, groups were compared using Chi-square (or Fisher s Exact) test for categorical
variables, Mann-Whitney U-test for ordinal data and if skewed distribution, or the Student’s t-test for continuous
and normally distributed variables.

The median follow-up time was estimated by the reverse Kaplan-Meier method***’.

Competing event analysis was used to assess CIR and NRM?*, The Fine-Gray subdistribution hazard model
was used to estimate the incidence of outcomes over time in the presence of competing risks. Gray’s test for
subdistribution hazards has been used for comparing cumulative incidence functions®*. Death was labelled
as competing event in the CIR analysis and in RFS, while death was censored in TTR. In the NRM analysis,
relapse was the competing event. Logistic regression was used to compare effect of different quartiles of CsA
concentration on secondary endpoints. Overall survival was analyzed with Kaplan-Meier and log-rank testing
for group comparisons. Uni- and multivariate analyses were made with Cox regression. To analyze if there was an
interaction effect between two predicting variables, a likelihood-ratio test was used comparing regression models
with and without the interaction term. The non-linear effect of CsA concentration on relapse was modelled by
a spline function in a flexible parametric survival model (Supplementary Fig. 1). Reference point 1.0 of CsA
concentration for the hazard ratio was chosen to 140 ug/L. The stpm?2 macro developed by Royston and Lambert
was used for the analyses*!. P-values less than 0.05 were considered significant. For most analyses concerning
comparison of background characteristics, the SPSS version 24 (IBM' SPSS’ Statistics, NY, USA) was used. The
Kaplan-Meier calculations and cumulative incidence analyses were performed with Stata for Mac, version 17.0
(StataCorp’, TX, USA).

Results
After an initial screening of 233 patients with AML allografted between 2010 and 2016 at three Swedish trans-
plantation centra, 157 fulfilled the inclusion criteria. Median age at HSCT was 54 years (range: 18-71) and 45%
were females. Peripheral blood stem cells was the most common stem cell source (92%). Baseline characteristics
were similar between the CsAy;,, and CsAy,,, group, see Table 1. Despite that the methotrexate median total dose
and range were the same in the CsAy,, and CsAy,,, group, the distribution was skew in the former group, resulting
in a significant difference between the groups, see Table 1.

The median CsA concentration day 0-30 after HSCT amongst all patients was 198 (range: 140.5-260) ug/L,
and 180 (range: 140.5-200) versus 215 (range: 200.5-260) pg/L, in the CsA,,,, and the CsAyg, group respectively.
The median follow-up time for all patients was 57.5 months (95% confidence interval [CI], 52.9-64.6).

Relapse

Sixty-two patients (39%) relapsed during the follow up period, 28 (32%), in the CsA,,,, group and 34 (49%) in the
CsAygh group (p=0.037) (Table 2). The 60-month CIR was 50% (95% CI, 38— 62) in the CsAy;,, group compared
t0 32% (95% CI, 23-44) in the CsAy,,, group (p=0.016), see Fig. 1, and 40% (95% CI, 32-48) in the whole cohort.

Univariable analysis with Cox regression confirmed a higher incidence of relapse in the Cs Ay, versus CsAy,,
group [hazard ratio (HR), 1.77; 95% CI, 1.06-2.95 p=0.028]. Additionally, when using CsA concentration as a
continuous variable, every 10-unit increase of CsA concentration increased the risk of relapse (HR, 1.15; 95%
CI, 1.02-1.28; p=0.017).

Besides CsA concentration, high-risk disease was the only factor associated with increased 60-month CIR
(HR, 2.84; 95% CI, 1.44-5.61; p=0.003). The median CsA concentrations did not differ between the risk groups
(intermediate risk:198.0 ug/L, high risk:198.3 ug/L). When adjusting for disease risk in multivariable analysis,
relapse incidence remained higher in the CsAy,;, versus CsA,,,, group [hazard ratio (HR), 1.78; 95% CI, 1.07-2.96
p=0.028] and so did every 10 unit-increase of CsA concentration (HR, 1.14; 95% CI, 1.02-1.20; p=0.017).

A likelihood-ratio test showed no significant interaction between the median CsA concentration and disease
risk (p=0.25). Furthermore, MRD status was not significantly associated with relapse risk.

The median CsA concentration was lower amongst patients without relapse compared to those with relapse;
194 (range 140.5-235) ug/L versus 202.5 (range 144.5-260) pg/L (p=0.019). The quartile of patients with the
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Variable CsA conc <200 pg/L (n=87) ‘ CsA conc >200 ug/L (n=70) ‘ P value
Acute GvHD, n (%)
Any grade 53 (61) 37(53) 0.31
Grade 1 26 (30) 21 (30)
Grade 2 20 (23) 14 (20)
Grade 3 5(6) 203 069

Grade 4 2(2) 0(0)

Grade 0-1 60 (69) 54 (77) .

Grade 2-4 27 (31) 16 (23)

Grade 0-2 80 (92) 68 (97) .

Grade 3-4 7(8) 2(3)

Chronic GvHD within 12 mos after HSCT, n (%)

Any grade ‘ 51 (59) ‘ 45 (64) *
Chronic GvHD within 24 mos after HSCT, n (%)

Moderate-severe ‘ 19 (22) ‘ 20 (29) *
CMV treatment within first yr after HSCT, n (%)

Yes ‘ 31 (36) ‘ 27 (39) ‘ 0.83
EBV treatment within first yr after HSCT, n (%)

Yes 15 (17) 15 (21) 0.51
Relapse, n (%) 28 (32) 34 (49) *
Death, n (%) 38 (44) 33 (47) *
Causes of death, n (% of deaths)

Relapse 22 (58) 29 (88) 0.0076

GvHD or related infections | 4 (11) 2(6) 0.69

Infection 5(13) 2(6) 0.44

Other 7 (18) 0(0) 0.013

Table 2. Results (n=157). GvHD graft-versus-host disease, HSCT allogeneic stem cell transplantation, CMV'
cytomegalovirus, EBV Epstein-Barr-virus, CI confidence interval. *See in the chapter “Results”.
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Figure 1. The cumulative incidence of relapse (CIR) during the first 60 months post-HSCT, compared between
CsAyign and CsAy,,. Competing event is death.
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highest CsA concentrations (210-260 ug/L), had an increased rate of relapse (HR, 2.05; 95% CI, 1.01-4.13;
p=0.046) compared to the quartile with lowest concentrations (140.7-177.5 pg/L).

To analyze the chosen CsA concentration cut-off at 200 ug/L, a non-linear risk analysis was made confirming
the cut-off being appropriate (Supplementary Fig. 1). Besides, the CsA exposure with mean concentration for
each patient was analyzed (data not shown). In general, the results pointed in the same directions.

Acute and chronic GvHD

No significant difference was seen between the CsAy,y, versus CsA,,,, group in the rate (p=0.31) and severity
of aGvHD; grade 2-4 [odds ratio (OR), 0.66; 95% CI, 0.32-1.35; p=0.26] and grade 3-4 (OR, 0.34; 95% CI,
0.07-1.67; p=0.18). Additionally, there was no difference in aGvHD grade 2-4 when the quartile of patients
with highest CsA concentrations was compared to the quartile with lowest concentrations (HR, 0.44; 95% CI,
0.17-1.15; p=0.093). Neither did CsAy,, and CsA,,, differ in the rate of cGVHD; any grade within 12 months
post-HSCT (OR, 1.27; 95% CI, 0.66-2.43; p=0.47) or moderate/severe cGvHD within 24 months post-HSCT
(OR, 1.43;95% CI, 0.69-2.96; p=0.33).

Reactivation of Epstein—Barr virus (EBV) and cytomegalovirus (CMV)
No differences were seen in the in incidence of clinical significant reactivations of EBV or CMV.

NRM, RFS, TTR and overall survival
The cumulative incidence of NRM was 12.5% at 60-months in the whole cohort, and 18.1% (95% CI, 10.9-29.3)
in the CsA,,,, group compared to 5.8% (95% CI, 2.2-14.7) in the CsAy;,;, group (p=0.058), see Fig. 2.

The RFS at 60 months was 49.8% (95% CI, 37.3-61.1) versus 44.4% (95% CI, 32.2-55.9) in the CsA,,,, and
CsAy,n group, respectively (p=0.26), see Fig. 3.

Seventy-one patients (45%) died during follow up, without differences in death rates; 44% in the CsAy,, and
47% in the CsAyy, group. The 60-month OS for CsAy,, was 55.6% (95% CI, 43.5-66.0) compared to 50.0% (95%
CI, 36.9-61.7) in the CsA,,,, group (p=0.44), see Fig. 4. The OS for the whole cohort at 24 and 60 months was 65%
(95% CI, 57-72) and 53% (95% CI, 44-61), respectively. Relapse was the most common cause of death, 51 of 71
deaths (72%), and was more frequent in the CsAy,y, compared to the CsAy,,, group; 88% versus 58% (p =0.0076).
In the CsAy,,, group, seven patients died from other causes (glioblastoma n=1, neuroendocrine tumor n=1,
intracranial hemorrhage n=1, cardiovascular disease n=1, idiopatic pneumonia syndrome n =1, unknown n=2).

Due to excess of deaths of other causes in the CsA,,,, group, a TTR analysis was made where patients with
relapse-free deaths were censored as opposed to the calculations of RFS. The 60-month CIR (K-M; relapse-free
deaths censored) for CsAy,;, was 51.6% (95% CI, 39.9-64.5) compared to 35.4% (95% CI, 24.7-49.0) in the CsAy,,
group (p=0.026), see Supplementary Fig. 2.
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Figure 2. The non-relapse mortality during the first 60 months post-HSCT, compared between CsAy,;,, and
CsA),,. Competing event is relapse.
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Relapse—free Survival
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Figure 3. The relapse-free survival during the first 60 months post-HSCT, compared between CsAy;,, and
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Figure 4. The overall survival during the first 60 months post-HSCT, compared between CsAy;,, and CsA,,,

Discussion
In this study, we found that median CsA concentration above 200 ug/L, the first month after HSCT, resulted in
higher incidence of AML relapse compared to lower concentrations when combined with ATG treatment. No
significant differences between the compared groups were found in clinically relevant EBV/CMYV reactivations,
acute or chronic GvHD, NRM, RES or OS.

Acute myeloid leukemia is the most common indication for HSCT*?, with the goal of preventing relapse and
increase survival. Nevertheless, relapse, which often occurs within the first year after HSCT#*, is the leading
cause of death!~®. Factors that determine the risk of relapse include the disease characteristics at diagnosis,
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treatment response and post-transplant immunosuppressive treatment after HSCT*~*%. There is no consensus
on whether CsA exposure interacts with ATG on the GvL-effect, and consequently the risk of relapse.

In the EBMT recommendation, no clear distinction in targeted CsA concentration is made concerning the
use of parallell immunosuppressive drugs, e.g. ATG'S, potentially hampering the GvL-effect.

A few prior studies have shown a correlation between high early CsA concentration and increased relapse
incidence'*?***. To our knowledge, this is one of few studies of a uniform cohort, solely including AML-
patients allografted with URD and T-cell depleted with ATG, analyzing the impact of early CsA exposure on
relapse incidence.

In the study by Craddock et al.?2, AML patients, only with RIC, were included and alemtuzumab was used as
T-cell-depletion. A subanalysis showed that increased median CsA exposure in the first 21 days post-HSCT was
associated with an increased risk of relapse and decreased OS. No association between the incidence of aGvHD
and CsA concentration was found. These results, in a similar cohort of AML patients, also using T-cell depletion
in the conditioning, are in line with the findings in our study.

Additionally, two randomized studies of patients with acute leukemia, one in children® and the other in
adults'?, without T-cell depletion, showed a correlation between higher CsA doses and increased relapse inci-
dence. For the adult patients, a follow-up almost three decades later?!, showed that the intended GvHD-protec-
tion was still offset by increased leukemia relapse, organ toxicity and shorter disease free survival. A majority of
the prior studies analyzing the impact of CsA exposure have included a mix of hematological malignancies. As
the GvL-effect and relapse tendency differs between diseases*, a comparison of the relapse risk between different
diagnoses can be challenging. The refined Disease Risk Index have been used in some studies to compare relapse
risk between diagnoses, but was actually developed to stratify patients to predict OS and not relapse per se'.

In our study, there is no clear reason why RES and OS did not differ significantly between the studied groups,
even though CIR was higher and relapse-related death more frequent, in the CsAy;y, group. An explanation
may be that death from non-relapse causes was more common in the CsA,,,, group (42% versus 12%; p=0.001),
reflected by the numerically (n.s.) increased incidence of NRM in that group. Seven deaths from “other” causes
were seen in the CsAy,, group, but none in the CsAyg,. It cannot be stated that the distribution of these deaths
was purely coincidental, but no obvious explanatory association to CsA exposure can be made. These deaths
have possibly contributed to NRM, resulting in similar RFS and OS. This is supported by the difference in TTR,
in which relapse-free deaths were censored.

In contrast to many other studies, the differences in aGvHD were numerical, but not significant. The relatively
small number of patients and the fact that our study was not designed for GvHD as primary endpoint, may both
have contributed to this lack of difference. Furthermore, the length of CsA treatment was not registered, poten-
tially affecting the results. It could also be speculated that ATG****? had a prophylactic effect against aGvHD,
hypothetically reducing and evening out differences in aGvHD rates, otherwise seen without the impact of ATG.

Our study has limitations. Firstly, the retrospective design increases the risk of both known and unknown
confounding factors. Secondly, the assessment of CsA median concentration to evaluate the CsA exposure, may
be considered a weakness. For instance, utilizing the area under the curve may yield a more precise measure of
CsA exposure. The concentration cut-off was chosen from EBMT recommendations and the total median CsA
concentration in our study. However, the study findings remained consistent regardless of whether CsA expo-
sure was defined using the concentration cut-off at 200 pg/L, quartiles or as a continuous variable. Additionally,
post-hoc analysis of the non-linear effect of CsA concentration on relapse, revealed that the selected cut-off
value was appropriate. Thirdly, we chose to study the impact of CsA exposure the first month after HSCT, but
the treatment length and later CsA levels could potentially also have affected the reults. Finally, outcomes may
have been affected by differences in methods and supportive care between the transplantation centres.

In conclusion, to our knowledge, this is one of few studies focusing on a uniform cohort exclusively consist-
ing of AML patients, allografted with URD and T-cell depleted with ATG, analyzing the impact of early CsA
exposure on the relapse incidence. EBMT guidelines recommends a CsA target concentration of 200-300 ug/L
during the first month after HSCT. However, we found that a blood CsA concentration above 200 ug/L during
the first month after HSCT results in a higher incidence of AML relapse compared to lower concentrations
when combined with ATG treatment. Although this finding needs to be evaluated in trials with more numerous
groups and other AML HSCT cohorts, it indicates that the currently recommended CsA concentration interval
post-HSCT should be more differentiated.

Data availability

The dataset analysed during the current study is available from the corresponding author on reasonable request.
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