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Abstract

Allogeneic hematopoietic stem cell transplantation (HSCT) is an effective treatment modality for patients with acute myeloid
leukemia (AML). Here, we investigated the predictive value of spleen volume on outcome parameters and engraftment
kinetics after HSCT in a large cohort of AML patients. A total of 402 patients who received their first HSCT between Janu-
ary 2012 and March 2019 were included in this retrospective study. Spleen volume was correlated to clinical outcome and
engraftment kinetics. Median follow-up was 33.7 months (95% confidence interval [CI], 28.9-37.4 months). Patients were
subdivided based on median spleen volume of 238.0 cm’ (range 55.7-2693.5 cm?®) into a small spleen volume (SSV) and a
large spleen volume (LSV) group. LSV was associated with inferior overall survival (OS) after HSCT (55.7% vs. 66.6% at
2 years; P=0.009) and higher cumulative incidence of NRM (28.8% vs. 20.2% at 2 years; P =0.048). The adjusted hazard
ratio for NRM in the LSV group was 1.55 (95% CI, 1.03-2.34). Time to neutrophil or platelet engraftment and the occur-
rence of acute or chronic graft-versus-host disease (GVHD) were not significantly different between both groups. Higher
spleen volume at the time of HSCT was independently linked to adverse outcomes such as inferior OS and higher cumulative
incidence of NRM in AML patients after HSCT. Engraftment kinetics and GVHD were not associated with spleen volume.

Keywords Spleen volume - Hematopoietic stem cell transplantation - Acute myeloid leukemia - Engraftment - Non-relapse
mortality

Introduction

Advances in allogeneic hematopoietic stem cell trans-
plantation (HSCT) and associated supportive care have
resulted in increased survival rates of patients with acute
myeloid leukemia (AML) [1]. However, HSCT procedure
can result in severe treatment-related complications, mainly
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immunosuppression-related infections and graft-versus-
host disease (GVHD) [1-3]. Rates of non-relapse mortality
(NRM) have significantly decreased over the last decades
[1,3-6]. Horan et al. [6] reported that NRM at 3 years after
allogeneic HSCT for AML patients in first complete remis-
sion decreased from 29% in the 1980s to a level of 15%
between 2000 and 2004, although NRM attributed to infec-
tions remains a significant risk [6]. Thus, identification of
risk factors for NRM remains relevant.

In patients with myelofibrosis undergoing allogeneic
HSCT, splenomegaly has been linked to primary graft fail-
ure and poor outcome [7-9]. However, little is known on
the association of spleen volume and outcome after HSCT
in patients with AML. A recent study [9] showed that an
enlarged spleen (greater than 320 cm?) was associated with
poor neutrophil and platelet engraftment and inferior overall
survival (OS) following HSCT. Similarly, Akpek et al. [10]
reported that an enlarged spleen was associated with poor
engraftment after HSCT in patients with myeloproliferative
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disorders and myelodysplastic syndrome; however, they
found no difference in OS between groups of different spleen
volumes. While the leading hypothesis is that an enlarged
spleen in AML patients who receive HCST is indicative
of poor clinical outcome, it remains controversial whether
spleen volume is independently associated with outcome in
those patients.

Here, we retrospectively investigated the association
between pretransplant spleen volume and OS, cumulative
incidence of relapse (CIR), NRM and hematological recov-
ery in a large cohort of AML patients who underwent HSCT.

Methods
Study patients

We retrospectively screened 454 patients with AML who
received their first HSCT at the Bone Marrow Transplan-
tation Center of the University Hospital Miinster, Ger-
many, between January 2012 and March 2019 (Fig. 1). Two
patients were excluded from the study because they had a
history of splenectomy and 50 patients were excluded as no
pretransplant abdominal computer tomography (CT) scan
was available for analysis. Thus, 402 patients were included
in the final analysis. None of the patients had splenic vein
thrombosis.

Patients in complete remission (CR) received a reduced
intensity conditioning regimen consisting of fludarabine and
a total body irradiation (4 X 2 Gy) or fludarabine in combi-
nation with treosulfan or busulfan. The non-myeloablative

conditioning regimens largely consisted of fludarabine and a
total body irradiation (2 X 2 Gy). Patients with active disease
at the time of transplantation were treated with a high-dose
melphalan-based sequential conditioning regimen, followed
by fludarabine and a total body irradiation (4 X2 Gy) or a
combination of melphalan, fludarabine, and treosulfan.

Peripheral blood stem cells (PBSC) or bone marrow
(BM) was obtained from healthy volunteers and infused on
day 0 without further manipulation. Neutrophil engraftment
was defined as the first of three consecutive days with at least
500 neutrophils/ul in the blood. Platelet engraftment was
defined as platelet count over 20,000/ul in the blood without
transfusion. Acute and chronic GVHD were assessed accord-
ing to the standard criteria [11-14].

Measurement of spleen volume using pretransplant
CT scans

For each patient the spleen volume was determined with the
CT scan data obtained within 30 days prior to HSCT. CT
examinations were done using dual source 64- and 128-slice
CT scanners (Somatom® Definition and Definition Flash,
Siemens AG, Medical Solutions, Forchheim, Germany). All
CT data sets were reconstructed with a slice thickness of
1.5 mm and a reconstruction increment of 0.6 mm in axial
orientation. Analysis of splenic volume and attenuation was
performed using IntelliSpace Portal version 11.1 (Philips
Medical Systems Nederland B.V., Best, The Netherlands) by
means of a semiautomatic threshold-based contour-finding
algorithm. Spleen contours were drawn based on density
differences with surrounding tissues. Computer-generated

Patients with acute myeloid leukemia who received their first allogeneic hematopoietic stem cell
transplantation between January 2012 and March 2019

454 patients

—*| Excluded 2 patients with a history of splenectomy

Patients with spleen
452 patients

—>[ Excluded 50 patients with no CT data or not prior to transplantation }

Study population
402 patients

Fig. 1 Patient selection flow
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organ boundaries were manually corrected by an examiner,
who was blinded to the clinical status of the patients. To
optimize measurements, images were scanned in a fan-like
approach in three planes: the coronal, sagittal, and transver-
sal plane (Fig. 2).

Statistical analysis

Patient data were retrospectively retrieved from patient
records. The cohort was divided into two groups (small spleen
volume (SSV) and large spleen volume (LSV)) using the
median spleen volume as the cut-off. The Mann—Whitney U
test was used to compare continuous variables in both groups
and chi-square test was used to compare categorial variables.
Survival estimates were calculated using the Kaplan—-Meier
method and survival curves were compared using the log-
rank test. CIR and NRM were calculated with the Aalen-
Johansen estimator. All survival probabilities were calculated
at 2 years. Median follow-up was calculated by the reverse
Kaplan—Meier method. OS was defined as the time from the
date of transplantation to the date of death by any cause. NRM

was defined as the time from date of transplantation to the date
of death for patients without AML relapse. CIR was defined
as the time from date of transplantation to the date of relapse.
Relapse-free survival (RFS) was defined as the time from date
of transplantation to the date of relapse or death by any cause,
whichever came first. Primary cause of death was assessed
according to previously published definition [15].

A multivariable Cox regression model was constructed to
assess the significance of spleen volume as a prognostic fac-
tor with respect to OS and a multivariable Fine-Gray regres-
sion model was used to assess the significance of spleen
volume as a prognostic factor with respect to CIR and NRM,
adjusting for the variables age, sex, weight, body length,
AML type, human leukocyte antigen (HLA) match, donor
type, remission status, and cytomegalovirus (CMV) risk.
The consistency of association with outcomes across sub-
groups was analyzed with test for interaction. Missing data
were not imputed. P-values < 0.05 were considered statisti-
cally significant. Analyses were performed using RStudio
version 1.1.463 (RStudio®, USA) and SPSS software ver-
sion 26 (IBM®, USA).

Long Axis
Short Axis
Total volume

107.1 mm
51 mm
270.3 cm?3

Fig.2 Measurement of spleen volume — case presentation. Pre-
sented is the spleen of a 60-year-old female patient who underwent
allogeneic hematopoietic stem cell transplantation on 29th June 2012.
The induction therapy included cytarabine and daunorubicin (7+3
scheme) and cytarabine and mitoxantrone (HAM scheme). Subse-
quently, the disease was in first complete remission. As the con-
ditioning therapy, this patient received a reduced intensity regime

with fludarabine (cumulative 150 mg/rnz) und busulfane (cumulative
6.4 mg/kg of body weight). Neutrophil engraftment was achieved on
day 15 after transplantation and platelet engraftment on day 12. She
had a good recovery after transplantation and no relapse. On 13th
December 2017 she died from a candida sepsis. In this study, the
patient was part of the large spleen volume (LSV) group
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Results
Baseline characteristics

A total of 402 AML patients were eligible for inclusion.
Median spleen volume was 238.0 cm? (range 55.7-2693.5
cm?). Median length of the longest axis was 103.8 mm
(range 59.9-203.9 mm) and of the shortest axis 56.9 mm
(range 27.5-124.4 mm). The median spleen volume was
used to dichotomize the total cohort into 201 patients with
small spleen volume (SSV, spleen volume lower than or
equal to 238.0 cm?) and 201 patients with large spleen vol-
ume (LSV, spleen volume higher than 238.0 cm?). Base-
line patient characteristics according to spleen volume are
shown in Table 1. The median age was 58 years. Prior to
transplant, 202 patients (50.2%) were in complete remission
(CR) and 200 patients (49.8%) had active AML. PBSC was
applied to 389 (96.8%) patients; 11 patients (2.7%) received
a BM graft. Anti-thymocyte globulin (ATG) was given to
319 of 402 patients (79.4%). Cyclosporine in combina-
tion with methotrexate as GVHD prophylaxis was applied
to 177 patients (44.0%); 221 patients (55.0%) were given
cyclosporine in combination with mycophenolate mofetil.
Ninety-nine patients (24.6%) received granulocyte colony-
stimulating factor (G-CSF): 48 patients in SSV group and
51 patients in LSV group (P=0.729). As expected, there
were more male patients in the LSV group (69.7% vs. 48.3%,
P <0.0001). Median body length was 172 cm in the SSV
(range 153.00-196.00 cm) and 176 cm in the LSV group
(range 149.00-198.00 cm) (P <0.0001). There was no sig-
nificant association between type of AML (secondary AML
vs. de novo) and spleen volume (P =0.120). Furthermore,
all patients in SSV and LSV group were Epstein-Barr virus
(EBV) IgG (immunoglobulin G) positive.

Spleen volume and outcome after HSCT

Median follow-up was 33.7 months (95% confidence interval
[CI], 28.9-37.4 months). LSV was significantly associated
with a higher NRM (28.8% vs 20.2% at 2 years; P=0.048;
Fig. 3C) and inferior OS after HSCT (55.7% vs 66.6% at
2 years; P=0.009; Fig. 3A). CIR did not differ between
both groups (P=0.714; Fig. 3B). We found no differences
in time to neutrophil or platelet engraftment between SSV
and LSV (Fig. 4). Median time of platelet engraftment
was 14 days post HSCT and the median time of neutrophil
engraftment was 17 days for both groups. There was no
difference between the cumulative incidence of acute and
chronic GVHD in both groups (P=0.454 for acute GVHD
and P=0.339 for chronic GVHD). Furthermore, the pri-
mary cause of death did not significantly differ between
both groups (P=0.519), but there was a trend towards more
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infection-related deaths in the LSV group (41.5% vs 32.9%
of all deceased; P=0.329).

In the multivariate regression analyses (Table 2), spleen
volume was independently associated with NRM (P =0.035)
and OS (P =0.008) after adjusting for age, sex, body length,
AML type, HLA match, donor type, remission status, and
CMYV risk. This was confirmed by a competing risk regres-
sion based on Fine and Gray’s proportional subhazards
(for NRM and CIR) and Cox proportional hazards (for OS)
(Table 2). The adjusted hazard ratio for NRM was 1.55 (95%
CI, 1.03-2.34), respectively, for the LSV compared to the
SSV group. A co-factor influencing NRM other than spleen
volume was remission status (P =0.001). The adjusted haz-
ard ratio for OS was 1.55 (95% CI, 1.12-2.14), respectively,
for the LSV compared to the SSV group. Co-factors influ-
encing OS other than spleen volume were age (P=0.018),
HLA match (P=0.022), and remission status (P=0.013).
Spleen volume was not associated with CIR (P =0.830).

Additional sensitivity analyses were performed using
gender-specific cut points for spleen volume (female: 199.1
cm3; male: 256.3 cm3). Here, spleen volume remained asso-
ciated with OS for both women and men (P =0.040; Online
Resource 3), whereas sex was not associated with OS in
the total cohort (P =0.400, Online Resource 4). Analysis
of our data, using splenic axis as a predictor for outcome
after HSCT in multivariable models, confirmed that spleen
volume represents a better indicator for the prediction of out-
come than the axis of spleen (Online Resource 1+ 2): with
respect to OS, NRM, and CIR, no differences could be seen
between groups dichotomized by long or short splenic axis.
When body weight was added to the multivariate regression
analyses as a co-factor spleen volume remained indepen-
dently associated with OS (P=0.012).

We found no significant heterogeneity of the associations
between spleen volume and OS depending on age, sex, AML
type, ELN 2010 status, remission status, donor relation, sex
mismatch, conditioning therapy, immunosuppression, and
total body irradiation (TBI) (Fig. 5). Significant heterogene-
ity of associations was observed between spleen volume and
OS by HLA match (P=0.007).

Discussion

Patients with enlarged spleen are reported to have poor and
delayed engraftment kinetics that lead to reduced survival
following HSCT [9, 10]. However, samples sizes of those
studies were small and cohorts heterogenous in terms of
diseases. Here, we investigated the association between
pretransplant spleen volume, outcome, and hematological
recovery in a large cohort of AML patients who underwent
HSCT.
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Table 1 Patient characteristics
Variables Small spleen volume SSV  Large spleen volume LSV~ Total P-value
N 201 201 402
Age, years 0.301
Median (range) 58 (18-76) 58 (18-74) 58 (18-76)
Sex, no (%) <0.0001
Male 97 (48.3) 140 (69.7) 237 (59.0)
Female 104 (51.7) 61 (30.3) 165 (41.0)
AML type, no (%) 0.120
De novo 156 (77.6) 144 (71.6) 300 (74.6)
t AML 13 (6.5) 94.5) 22(5.5)
s AML 32 (15.9) 48 (23.9) 80 (19.9)
FAB classification, no (%) 0.229
MO 20 (10.0) 14 (7.0) 34 (8.5)
M1 27 (13.4) 32 (15.9) 59 (14.7)
M2 48 (23.9) 40 (19.9) 88 (21.9)
M3 0 1(0.5) 1(0.2)
M4 37 (18.4) 37 (18.4) 74 (18.4)
M5 35(17.4) 29 (14.4) 64 (15.9)
M6 6(3.0) 7(3.5) 13 (3.2)
M7 2 (1.0) 0 2(0.5)
Unknown 26 (12.9) 41 (3.5) 67 (16.7)
ELN 2010, no (%) 0.366
Favorable 31(15.4) 24 (12.0) 55 (13.7)
Intermediate 114 (56.7) 116 (57.7) 230 (57.2)
Adverse 56 (27.9) 61 (30.3) 117 (29.1)
Remission status at Tx, no (%) 0.364
Complete remission 105 (52.2) 97 (48.3) 202 (50.2)
CR1 84 (41.8) 82 (40.8) 166 (41.3)
CR>2 16 (8.0) 14 (7.0) 30(7.4)
CRI 5(2.5) 1(0.5) 6(1.5)
Other 3(1.5) 5(2.4) 8 (2.0)
Active AML 96 (47.8) 104 (51.7) 200 (49.8)
Refractory 62 (30.8) 79 (39.3) 141 (35.1)
Untreated relapse 31(15.4) 20 (10.0) 51(12.7)
Donor age, years 0.915
Median (range) 36 (18-73) 36 (18-71) 36 (18-73)
Donor type, no (%) 0.685
Related Mismatched 0 2(1.0) 2(0.5)
Related Matched 60 (29.9) 51 (25.4) 111 (27.6)
Unrelated Matched 108 (53.7) 117 (58.2) 225 (56.0)
Unrelated Mismatched 30 (14.9) 26 (12.9) 56 (13.9)
Haploidentical 3(1.5) 5(2.5) 8 (2.0)
Sex mismatch, no (%) 0.890
Female donor/male recipient 30 (14.9) 31 (15.4) 61 (15.2)
Other 171 (85.1) 170 (84.6) 341 (84.8)
Graft source, no (%) 0.770
PBSC 192 (95.5) 197 (98.0) 389 (96.8)
BM 7(3.5) 4(2.0) 112.7)
Unknown 2 (1.0) 0(0) 2(0.5)
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Table 1 (continued)

Variables Small spleen volume SSV  Large spleen volume LSV~ Total P-value
CMV risk, no (%) 0.486
D-/R- 50 (24.9) 49 (24.4) 99 (24.6)
D+/R- 22 (10.9) 24 (11.9) 46 (11.4)
D-/R+ 37 (18.4) 48 (23.9) 85(21.2)
D+/R+ 92 (45.8) 80 (39.8) 172 (42.8)
Conditioning, no (%) 0.074
MAC 2 (1.0) 2 (1.0) 4 (1.0)
RIC 103 (51.2) 83 (41.3) 186 (46.2)
NMA 4(2.0) 8 (4.0) 12 (3.0)
SEQ 92 (45.8) 108 (53.7) 200 (49.8)
Total body irradiation, no (%) 0.214
No TBI 108 (53.7) 97 (48.3) 205 (51.0)
<8 Gy 4 (2.0) 8 (4.0) 12 (3.0)
>8 Gy 89 (44.3) 96 (47.7) 185 (46.0)
ATG, no (%) 0.712
ATG 158 (78.6) 161 (80.1) 319 (79.4)
No ATG 43 (21.4) 40 (19.9) 83 (20.6)
Immunosuppression, no (%) 0.038
CsA/MMF 100 (49.8) 121 (60.2) 221 (55.0)
CsA/MTX 99 (49.2) 78 (38.8) 177 (44.0)
Other 2 (1.0) 2 (1.0) 4 (1.0)
Acute GVHD (until day + 100), no (%) 0.454
Grade 0-1 164 (81.6) 158 (78.6) 322 (80.1)
Grade >2 37 (18.4) 43 (21.4) 80 (19.9)
Chronic GVHD, no (%) 0.339
No cGVHD 123 (61.2) 132 (65.7) 255 (63.4)
Mild 16 (8.0) 18 (9.0) 34 (8.5)
Moderate 33 (16.4) 24 (11.9) 57 (14.2)
Severe 29 (14.4) 27 (13.4) 56 (13.9)
Primary cause of death, no (%) 0.519
Relapse 21 (30.0) 18 (19.1) 39(23.8)
Graft-Failure 3(4.3) 3.2 6(3.7)
aGVHD 0(0.0) 4 (4.3) 4(24)
c¢cGVHD 9(12.9) 15 (16.0) 24 (14.6)
Infection 23 (32.9) 39 (41.5) 62 (37.8)
Organ toxicity 7 (10.0) 5(.3) 12 (7.3)
Other 4(5.6) 6(6.3) 10 (6.1)
Unknown 34.3) 4(4.3) 7(4.3)
Body length, cm <0.0001
Median (range) 172.00 (153.00-196.00) 176.00 (149.00-198.00) 174.00 (149.00-198.00)
CD 34 cell number, 10° per kg body weight 0.580
Median (range) 7.2 (1.23-12.53) 7.4 (0.66-17.9) 7.3 (0.66-17.9)
CD 45 cell number, 10% per kg body weight 0.833
Median (range) 9.5 (0.5-36.8) 9.2 (2.0-45.9) 9.3 (0.5-45.9)
CD 3 cell number, 10® per kg body weight 0.432

Median (range)

2.6 (0.01-306.0)

2.5 (0.03-427.00)

2.5(0.01-427.00)

@ Springer



Annals of Hematology (2023) 102:2543-2553 2549

Table 1 (continued)

Variables Small spleen volume SSV  Large spleen volume LSV~ Total P-value

Neutrophil engraftment, no (%) 1.000
<42 days 190 (94.5) 187 (93.0) 376 (93.5)
>42 days 0 0 0(0.0)
Not engrafted 11 (5.5) 14 (7.0) 26 (6.5)

Platelet engraftment, no (%) 1.000
<100 days 185 (92.0) 178 (88.6) 364 (90.5)
> 100 days 0 0 0(0.0)
Not engrafted 16 (8.0) 23 (11.4) 38 (9.5)

G-CSF stimulation, no (%) 0.729
Stimulation 48 (23.9) 51(25.4) 99 (24.6)
No stimulation 153 (76.1) 150 (74.6) 303 (75.4)

Spleen volume <0.0001
Median (range) 157.9 (55.7-237.9) 327.3 (238.1-2693.5) 238.0 (55.7-2693.5)

Spleen — short axis <0.0001
Median (range) 49.9 (27.5-86.5) 66.9 (37.2-124.4) 56.9 (27.5-124.4)

Spleen — long axis <0.0001
Median (range) 91.9 (59.9-128.0) 117.3 (80.9-203.9) 103.8 (59.9-203.9)

Spleen — mean HU <0.0001

Median (range) 96.5 (41.3-137.1)

84.3 (39.2-137.0) 89.4 (39.2-137.1)

The group with small spleen volume (SSV) was defined as patients with a spleen volume lower than or equal to 238.0 cm® and the group with
large spleen volume (LSV) was defined as patients with a spleen volume higher than 238.0 cm?

Medians and ranges were given for continuous variables and percentages for categorial variables

ML, acute myeloid leukemia; t AML, therapy-associated AML; s AML, secondary AML; FAB, French-American-British; ELN, European Leu-
kemia Net; Tx, transplantation date; CR, complete remission; PBSC, peripheral blood stem cells; BM, bone marrow; CMV, cytomegalovirus;
D, donor; R, recipient; MAC, myeloablative conditioning; RIC, reduced intensity conditioning; NMA, non-myeloablative conditioning; SEQ,
sequential conditioning; TBI, total body irradiation; Gy, gray; ATG, anti-thymocyte globulin; CsA, cyclosporin A; MTX, methotrexat; MMF,
mycophenolat—mofetil; GVHD, graft-versus-host disease; CD, cluster of differentiation; G-CSF, granulocyte colony-stimulating factor; HU,

Hounsfield units

Our data implicate that an increased spleen volume is
linked to inferior outcome after allogeneic HSCT in AML
patients. Two years after HSCT, OS was 66.6% in the SSV
group vs. 55.7% in the LSV group. Furthermore, NRM rate
was higher for LSV patients, whereas no difference in CIR
was found. The association between pretransplant spleno-
megaly and worse OS and higher NRM described here is
consistent with a recent EBMT analysis [16] in patients with
myelofibrosis. In line with published literature, we did not
find any correlation between spleen volume and relapse rate.

Spleen volume relates to a number of different individual
factors such as sex, body stature, and some aspects of the
patient’s past medical history reference. As expected, there
were more male patients in the LSV group. To eliminate the
influence of sex on spleen volume, outcome was, in addition,
analyzed for male and female patients separately, revealing
that smaller spleen volume was associated with better OS
for both women and men. Weight was not taken into account

as a co-factor in the multivariate regression analyses due
to its instability and correlation with body length, which
has the strongest effect on spleen size [17]. However, even
when considering body weight in the multivariate regres-
sion analyses, spleen volume remained independently asso-
ciated with OS. Similarly, and as anticipated [17], sex and
body length differed between SSV and LSV groups in our
cohort. Again, when multivariate analyses were adjusted for
these co-factors, spleen volume remained associated with
both NRM and OS. Importantly, a history of myeloprolifera-
tive neoplasms (e.g., myelofibrosis) could be ruled out as a
co-factor influencing our results: myelofibrosis can lead to
secondary AML, which has not been described more often
in the LSV group. Furthermore, after adding AML type (de
novo vs. secondary AML) to the multivariate regression
analyses, spleen volume remained independently associ-
ated with OS and NRM. In summary, we identified spleen
volume as an independent risk factor for NRM.
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Days after HSCT

In patients with myelofibrosis the spleen volume has been
shown to represent a better indicator for the prediction of
outcome than axis length of spleen [18]. Indeed, additional
analysis of our data, using splenic axis as a predictor for
outcome after HSCT in multivariable models, confirmed this
finding: with respect to OS, NRM, and CIR, no differences
could be seen between groups dichotomized by long or short
splenic axis.

@ Springer

Days after HSCT

In contrast to Shimomura et al. [9], there was no dif-
ference in time to engraftment between SSV and LSV
groups of our cohort. In addition, the proportion of
patients in the LSV group that were treated with G-CSF
was not different from the SSV group. Furthermore,
we found no association between larger spleens and
increased incidence of GVHD as other authors did [19],
nor was GVHD as the primary cause of death increased
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Table 2 Multivariate analyses
of covariables for overall

Covariables oS

CIR NRM

survival, relapse mortality, and

Cox proportional hazards

Fine + Gray Fine + Gray

non-relapse mortality

HR (95%CI) P

HR (95%CI) P HR (95%CI) P

Age (per 1 year) 1.02 (1.00-1.03) 0.018 1.00(0.99-1.02) 0.810 1.02 (1.00-1.04) 0.079
Sex

Male Ref Ref Ref Ref

Female 0.93 (0.61-1.41) 0.719 0.89 (0.45-1.75) 0.740 1.00 (0.61-1.64) 0.990
Body length (per 1 cm) 1.00 (0.98-1.02) 0.936 1.01 (0.98-1.05) 0.470 0.99 (0.96-1.02) 0.500
AML type

De novo AML Ref Ref Ref

t AML 0.88 (0.41-1.93) 0.756 0.45(0.11-1.90) 0.280 1.44 (0,62-3.36) 0.390

s AML 0.92 (0.62-1.36) 0.669 0.41(0.20-0.84) 0.015 1.56 (0.98-2.49) 0.064
HLA match

Matched Ref Ref Ref

Mismatched 0.63 (0.43-0.94) 0.022 0.92(0.51-1.68) 0.790 0.70 (0.43-1.12) 0.140
Donor relation

Related Ref Ref Ref

Unrelated 0.71 (0.49-1.04) 0.076 0.38 (0.21-0.70) 0.002 1.52(0.74-1.80) 0.530
Remission status

CR Ref Ref Ref

Active disease 1.50 (1.09-2.07) 0.013 0.95(0.59-1.52) 0.820 1.99(1.31-3.01) 0.001
CMV risk

Low Ref Ref Ref

High 1.35(0.96-1.88) 0.081 1.35(0.82-2.23) 0.240 1.19(0.77-1.83) 0.430
Spleen volume

<238.0 cm® Ref Ref Ref

>238.0 cm® 1.55 (1.12-2.14)  0.008 1.05 (0.66-1.69) 0.830 1.55(1.03-2.34) 0.035

OS, overall survival; CIR, cumulative incidence of relapse; NRM, non-relapse mortality; Ref, reference;
HR, hazard ratio; CI, confidence interval; AML, acute myeloid leukemia; t AML, therapy-associated AML;
s AML, secondary AML; HLA, human leukocyte antigen; CR, complete remission; CMV, cytomegalovirus.
Low CMV risk, recipient —/ donor — or recipient —/donor +; high CMV risk, recipient +/ donor — or recipi-

ent+/ donor+

in those patients. The effect of spleen volume on NRM
remained after multivariable adjustment for stage of dis-
ease and GVHD rate. In the present study the adverse
outcome was mainly caused by an increased NRM.

The pathophysiological mechanism behind the effect
of an enlarged spleen on mortality rate remains unclear.
A correlation between late hematological recovery and
splenomegaly leading to higher NRM has been described
before [16]. However, in our AML cohort, patients with an
enlarged spleen did not have delayed engraftment. How-
ever, there was a trend towards more infection-related
deaths. A possible pathophysiological mechanism could
be an association between splenomegaly and a suppressed
immune system, resulting in more severe post-transplant
infections affecting the OS.

To our knowledge the present cohort is the largest
study on the impact of spleen volume on outcome of AML
patients after HSCT. Importantly, the cohort studied here
is homogenous with only AML patients being included in
the study. Limitations of this study are its retrospective,
single-center study design potentially causing patient bias.
While all patients were diagnosed with AML, we cannot
rule out that some patients might have had a myelodysplas-
tic syndrome/ myeloproliferative neoplasm (MDS/MPN)
overlap syndrome which can be the cause for larger spleen
volume. Furthermore, spleen volume can only be a surro-
gate parameter because the influence of transfusions and
therapeutic agents on spleen volume cannot be excluded.

Our results highlight the importance of considering
spleen volume as a measure to assess the outcome of AML

@ Springer
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Fig.5 Forest plot representing
the association between spleen
volume and OS in subgroups. Age

Owverall sundval No. of Patients (%)

s : >= 60 238 (59)
The vertlc.al line represents the o T
hazard ratio of the total cohort.
The P value was calculated with Sex .

) ) Male 237 (89)
chi-square test comparing the Female 165 (41)
HRs across subgroups

AML type
AML de navo 300 (75)
AML 22 (6)
SAML 80 (20)

ELN 2010 status

favorable 55(14)

Intermediate 230 (57)

adverse 117 (29)
Remission

complete remission 202 (580)

active disease 200 (50)

Donor relation

unvelated 281 (70)

related 121 (30)
Donor match

mismatched 58(14)

malched 344 (88)
Conditioning therapy

RIC 186 (46)

SEQ 200 (50)
Immunosuppression

CsAMMF 221 (55)

CsAMTX 177 (44)
ATG

no ATG 83(21)

ATG 319 (79)
T8I

no TBI 205 (51)

T8I 197 (49)
All patients 402 (100)

patients after HSCT in the future. However, before reducing
spleen size (e.g., by radiotherapy) can be considered a thera-
peutic option to positively influence outcome in posttrans-
plant AML, the pathophysiological mechanisms underlying
the observed associations need to be clarified.

In conclusion, our study identifies spleen volume as an
independent risk factor for adverse outcome in AML patients
undergoing allogeneic HSCT, mainly due to increased rates
of NRM, while engraftment kinetics were not affected.
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