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Abstract

Decreased ADAMTS-13 is important for the diagnosis of thrombotic thrombocytopenic purpura (TTP), but recent studies have
shown that reduced ADAMTS-13 activity is associated with disease prognosis of a variety of cancer patients. As an important
hematological malignancy, the significance of ADAMTS-13 in acute lymphoblastic leukemia (ALL) has not been fully eluci-
dated. This research aims to explore the significance of decreased ADAMTS-13 activity in acute lymphoblastic leukemia after
hematopoietic stem cell transplant (HSCT). Thirty-eight ALL patients were included in this research, and their ADAMTS-13
activity was measured before HSCT, including 21 patients with low ADAMTS-13 activity (<481 ng/ml) and 17 patients with
normal ADAMTS-13 activity (481-785 ng/ml). Related medical indicators before HSCT and 1 month after HSCT were collect-
ed. All the patients were followed and their progress was recorded and evaluated. Level changes of related medical indicators and
prognosis situations were compared between two groups. ALL patients with low ADAMTS-13 activity suffered more HSCT-
related complications than patients with normal ADAMTS-13 activity. There was no significant difference for APTT, PT, CRP,
and D-dimer between two groups. Low ADAMTS-13 Group underwent higher mortality rate than Normal Group during the 1-
year follow-up after HSCT and 2-year follow-up after the onset of ALL. To conclude, low ADAMTS-13 activity predicts poor

prognosis of ALL after HSCT.
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Introduction

As a common type of leukemia, acute lymphoblastic leukemia
(ALL) is a serious hazard to human health. ALL includes
leukemia of the T and B lineages and is characterized by
overproduction and accumulation of lymphoblasts and could
threaten individual life [ 1]. Hematopoietic stem cell transplan-
tation (HSCT) is one of the important treatments for ALL
patients. If the same sibling donor of HLA is available, hema-
topoietic stem cell transplantation is a good treatment option
for many ALL patients [2]. However, HSCT also faces various
threats, such as the main complications after HSCT, including
graft-versus-host disease (GVHD), various infections, etc. [2].
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It is of great clinical and theoretical value to explore the factors
affecting prognosis of ALL patients in the process of hemato-
poietic stem cell transplantation.

Von Willebrand factor (VWF) is a circulating glycoprotein
in the blood. Its main functions include mediating the adhe-
sion of platelets to damaged blood vessels [3, 4]. Mature VWF
is a multimeric protein that is cleaved by a metalloproteinase
of the ADAMTS family called ADAMTS-13 (a disintegrin
and metalloprotease with thrombospondin motifs-13, also
called von Willebrand factor-cleaving protease) [5].
ADAMTS-13 plays a crucial role in maintaining normal size
of VWF multimers and is an important factor for VWF to
function normally. Large VWF multimers accumulate under
conditions of low levels of ADAMTS-13. A large increase of
the concentration of VWF multimers can lead to excessive
platelet agglutination, which could induce coagulation disor-
ders [6, 7]. Previous studies have reported that ADAMTS-13
activity less than 5% of normal plasma activity is an important
cause of thrombotic thrombocytopenic purpura (TTP) [6-8].
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The reduction in ADAMTS-13 activity is not only in TTP
but also in a variety of metastatic malignancies or after surgery
[9, 10]. A significant thrombogenic phenotype has been re-
ported in mice that are completely deficient in ADAMTS-13
[11, 12]. Patients with acute systemic inflammation are with
significantly reduced ADAMTS-13 activity [13], suggesting a
possible association between inflammation and ADAMTS-13
deficiency. Previous studies found a decrease in ADAMTS-13
levels in ALL, which were significantly associated with in-
flammatory factors and risk stratification in ALL patients [14].
However, the importance of ADAMTS-13 during HSCT in
ALL patients is still unclear.

In this study, we aimed to investigate the significance of
the decrease of plasma ADAMTS-13 activity in ALL patients
after HSCT and to initially assess the relationship between
low ADAMTS-13 activity and prognosis in ALL patients
after HSCT.

Materials and methods
Patients

According to the classification criteria for acute leukemia [15],
38 ALL patients who were admitted to the hospital from
September 2017 to January 2018 and underwent a
haploidentical allo-HSCT were collected. Their induction che-
motherapy regimens included VDCLP (vincristine, daunoru-
bicin, cyclophosphamide, L-asparaginase, and prednisone),
VDCP, VDLP, or VDP, for one to two cycles. Conditioning
regimen for allo-HSCT includes arabinoside, busulfan, cyclo-
phosphamide, and semustine, along with ATG. Prophylactics
for GVHD include cyclosporine (CsA), mycophenolate mo-
fetil, and short-term methotrexate (MTX). The plasma
ADAMTS-13 activity was measured before conditioning reg-
imen of HSCT, and their medical records were followed up
and collected. All of these patients had no kidney diseases,
autoimmune diseases, other tumors, liver diseases, cardiovas-
cular diseases, diabetes, DIC, drug intake, or thromboembolic
events prior to HSCT. Patients with TTP were also excluded.
The study was conducted in accordance with the ethical stan-
dards of the Helsinki Declaration, and all selected individuals
have given informed consent. The study was approved by the
ethics committee of the hospital.

Blood sampling and analysis of ADAMTS-13 activity

This study used the recombinant VWF86-ALEXA FRET sub-
strate method to determine citrate anti-coagulated plasma
samples to measure the activity of ADAMTS-13. Plasma
ADAMTS-13 activity was determined using the
ACTIFLUOR ADAMTS 13 Activity Assay Kit purchased
from SEKISUI Diagnostics, LLC (Stamford, CT). A standard
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curve was constructed using normal plasma of known concen-
trations of ADAMTS-13. The activity of ADAMTS-13 in
plasma was determined by measuring the sample and using
the fluorescence change of the standard curve, and the activity
was expressed as ng/ml according to the curve. The local
reference range (above 2.5 percentile and below 97.5 percen-
tile) of ADAMTS-13 for this method was determined to be
481-785 ng/ml, and ADAMTS-13 less than 481 ng/ml was
considered to be clinical low level.

Clinical indicator measurement

VWF, PT, APTT, and D-dimer levels were determined on
ACL-TOP 700 multiparameter hemostasis analyzer
(Instrumentation Laboratory Company, Bedford, MA, USA).
CBC counts were measured by SYSMEX XE-2100 hematol-
ogy analyzer (TOA Medical Electronics, Kobe, Japan). CRP
was detected using i-CHROMA (Boditech Med Inc.,
Chuncheon, Korea).

Statistics

All analyses were performed using GraphPad Prime 5.5 soft-
ware. All data are expressed as mean + SD unless otherwise
stated. Student’s t-test and x2 statistics (Fisher’s exact test)
were used to assess differences between groups. Survival rates
were analyzed using the Kaplan-Meier method and differ-
ences between groups were compared using the Mantel-Cox
and Breslow tests. All statistical tests are two tails. A P value
less than 0.05 was considered to be statistically significant.

Results

Clinical indicators of ALL patients measured
before and after HSCT

Totally 38 ALL patients admitted to the hospital who after-
ward underwent a haploidentical allo-HSCT were enrolled.
ADAMTS-13 activity of the patients was measured before
conditioning regimen of HSCT. According to the reference
range of Chinese people (above 2.5 percentile and above
97.5 percentile), we divided the patients into two groups:
Low ADAMTS-13 Group (<481 ng/ml) and Normal Group
(481-785 ng/ml). All patients were without irrelevant diseases
(including kidney diseases, autoimmune diseases, other tu-
mors, liver diseases, cardiovascular diseases, diabetes, DIC,
etc.) and TTP was excluded as well, according to the diagnosis
of clinicians. The demographic and clinical characteristics of
the ALL patients before conditioning regimen were listed in
Table 1. There was no significant difference about the clinical
characteristics (age, gender, and BMI) and the detailed consti-
tutions (T or B lineage) between two groups. The
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Table1 Summary of the demographic and clinical characteristics of the Table 2 Summary of the clinical characteristics of the ALL patients
ALL patients before HSCT 1 month after HSCT

Low (n=21) Normal (n=17) P values Low (n=21) Normal (n=17) P values
Characteristics ADAMTS-13(ng/ml) 321.5+£78.5 687.6£162.5 0.00
ADAMTS-13 (ng/ml) 377.0+64.7  623.8+119.3 0.00 Hematologic parameter

<481 =481 VWF (%) 12854452  97.4+319 0.76
Gender (M/F) 12 M/9F 8 M/9F 0.74 APTT(s) 32.3+69 355+10.5 0.29
Age (year) 28.4+14.1 29.8+10.8 0.74 PT(s) 122420 142 +6.4 0.23

14-58 10-54 Hgb (g/L) 81.4+17.8 81.5+17.5 0.99
BMI ) ) 19.7+65 20275 092 PLT(109/L) 5224539 49.7+51.0 0.88
gagi/[f;rlf)m diagnosis 275.0+94.7 274.5+210.3 0.99 D-Dimer(ng/ml) 123342149 2916+5167 022
Hematologic parameter WBC(109/L) 44+3.0 3.7+£26 0.46
VvWF (%) 11794321 103.4+17.2 0.08 CRP(mg/L) 13.4+21.5 28.0+47.7 0.25
APTT(s) 30.9+5.0 30.5+4.7 0.87 Complications
PT(s) 124+19 124+17 1.0 Pulmonary infection 14 (67%) 5 (29%) 0.049
Hgb (g/L) 93.1+18.2 90.2+15.4 0.61 GVHD 13 (62%) 11 (65%) 1.0
PLT (109/L) 64.8+13.7 63.8+13.6 0.85 GIB 4 (19%) 2 (12%) 0.67
D-Dimer (ng/ml) 931+1380 956 +1357 0.95 ARF 5 (24%) 2 (12%) 043
WBC (109/L) 42+2.1 37422 0.53 CMV infection 13 (62%) 4 (24%) 0.02
CRP (mg/L) 17.8+13.8 154+19.5 0.20 TMA 3 (14%) 1 (6%) 0.61
Constitute Respiratory failure 6 (29%) 2 (12%) 0.26
T lineage 6 4 1.0 Hypoproteinemia 7 (33%) 2 (12%) 0.15
B lineage 15 13 EBV infection 3 (14%) 1 (6%) 0.61

Hepatic injury 3 (14%) 1 (6%) 0.61

Data are present as mean + SD; ALL, acute lymphoblastic leukemia;
APTT, activated partial thromboplastin time; BMI, body mass index;
HSCT, bone morrow transplant; CRP, C-reactive protein; PT, prothrom-
bin time; VWE, von Willebrand factor; WBC, white blood cells

cytogenetics, white blood count at diagnosis, and HLA
matching results were also analyzed, and there was no signif-
icant difference between groups as well (data not shown). We
also calculated the time interval from diagnosis to BMT in the
two groups of patients, 275.0 £94.7 days and 274.5+
210.3 days, respectively, and there was no significant differ-
ence between the two groups (Table 1). Their follow-up med-
ical records were collected. We evaluated APTT, PT, CRP,
WBC, and hemoglobin values 1 month after HSCT, since
the body’s state has reached a relatively stable level at that
time. The data are listed in Table 2. There was no significant
difference for PT, APTT, CRP, and D-dimer between the two
groups. We also measured vWF activity. However, the range
of' the values varied considerably, and there was no significant
difference between groups.

ALL patients in Low ADAMTS-13 Group suffered more
HSCT-related complications than patients in Normal
Group

All the patients were followed up for 1 year after HSCT.
HSCT-related complications of each patient was recorded,

Data are present as mean + SD for clinical characteristics; ALL, acute
lymphoblastic leukemia; APTT, activated partial thromboplastin time;
AREF, acute renal failure; HSCT, bone morrow transplant; CRP, C-
reactive protein; GIB, gastrointestinal bleeding; GVHD, graft-versus-
host disease; PT, prothrombin time; TMA, thrombotic microangiopathies;
vWE, von Willebrand factor; WBC, white blood cells

including infection, bleeding, GVHD, organ failure, and
thrombotic microangiopathies (TMA). Numbers of occur-
rence in two groups were listed in Table 2. We found that
the percentage of each complication was higher in Low
ADAMTS-13 Group than that in Normal Group. For pulmo-
nary infection and cytomegalovirus infection, Low
ADAMTS-13 Group suffered significant higher percentage
of occurrence than Normal Group.

Low ADAMTS-13 Group has higher mortality rate than
Normal Group

All patients were followed for 1 year and the situations of
mortality were recorded. The deaths were caused by non-
relapse mortality (e.g., infections or GVHD) or relapse that
was not curable, or mixed reason. The Kaplan-Meier method
was used to analyze survival, and the two groups were com-
pared by use of the Mantel-Cox and Breslow tests. The sur-
vival curve is shown in Fig. 1, Mantel-Cox test between
curves, P =0.0290; Breslow test between curves, P=0.0385.
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Fig. 1 ALL patients were followed for 1 year after HSCT, and the
Kaplan-Meier curves were used to show percentage of survival of Low
ADAMTS-13 Group (dashed) and Normal Group (solid). Two groups
were compared by use of the Mantel-Cox and Breslow tests and the P
values were listed below

We also analyze the survival curve started from onset of
ALL. Situation of each patient was recorded for 2 years
(24 months) since onset of ALL, which could exclude the
influence of the time course from onset to HSCT. As shown
in Fig. 2, Mantel-Cox test between curves, P=0.0115, and
Breslow test between curves, P=0.0186, and there was still
significant difference between two groups.
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Fig. 2 The survival curve started from the day of onset, followed for
24 months since the day the leukemia was onset. The Kaplan-Meier
curves were used to show percentage of survival of Low ADAMTS-13
Group (dashed) and Normal Group (solid) of ALL patients. P values of
the Mantel-Cox and Breslow tests were listed below
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Discussion

The change in activity of ADAMTS-13 has an important
effect on the body’s coagulation function. Low levels of
ADAMTS-13 activity were considered to be the cause of
TTP and had been thoroughly studied and used to diagnose
TTP [5-7]. Although not as low as in TTP, the significance
of the reduction in ADAMTS-13 activity in leukemia still
needs to be given sufficient attention. Previous study
showed a decrease in the activity of ADAMTS-13 in both
ALL and AML patients, which was associated with inflam-
matory factors and risk stratifications [14, 16]. Low
ADAMTS-13 activity was also a prognostic risk factor
for AML [16]. In addition, patients with low ADAMTS-
13 activity had a worse prognosis and had more serious
complications in AML patients who underwent hematopoi-
etic stem cell transplantation [17]. In this study, we also
demonstrated that ADAMTS-13 activity levels can reflect
the prognosis of ALL patients after HSCT. For patients
with ADAMTS-13 activity below 481 ng/ml, the probabil-
ity of serious complications and mortality was higher than
that in patients with normal ADAMTS-13 activity, sug-
gesting that ADAMTS-13 has a potential predictive effect
on the prognosis of ALL after HSCT.

To answer how ADAMTS-13 could reduce the rate of
survival, it is necessary to expand the sample size for in-
tensive research. Infection and recurrence may all be
influencing factors (we also tested the recurrence rate of
the two groups but did not reach a statistically significant
level). We believe that the reduction of the effect of
ADAMTS-13 on coagulation is also a potential factor,
which may be associated with changes in coagulation func-
tion in patients. Although the level of ADAMTS-13 does
not reach a level as low as TTP patients to cause severe
clinical symptoms, the decreased level of ADAMTS-13
may also be meaningful in the progress of ALL during
HSCT. Because of the higher risk of excessive platelet
aggregation, coagulation may get worse, and further it
could lead to organ failure and even death.

ADAMTS-13 activity is reduced in patients with acute
systemic inflammation [13, 14], so the local inflammato-
ry response of ALL patients before and after HSCT may
play an important role. But according to our results, CRP
levels did not differ significantly between two groups. L-
asparaginase is known to alter many coagulation and
anticoagulant proteins, whereas ALL patients are often
treated with L-asparaginase in chemotherapy [18, 19],
and L-asparaginase may be a potential cause of
ADAMTS-13 activity, which is worth researching in de-
tail in the future. Lower translational activity associated
with the ADAMTS-13 rs2285489 C/C genotype in he-
patic stellate cells might contribute to an increased inci-
dence of relapse [20], which suggests that ADAMTS-13
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single-nucleotide polymorphism may also contribute to
the role of ADAMTS-13 in prognosis of HSCT for leu-
kemia patients. In addition, it should be mentioned that
consumptive coagulopathy and liver dysfunction are also
important factors for the reduction of ADAMTS-13, al-
though we had excluded patients with DIC and liver
disease in this study.

We found that VWF activity was inconsistent with
changes in ADAMTS-13 activity and there was no signif-
icant difference in vWF levels between the two groups
before HSCT, although ADAMTS-13 activity was signifi-
cantly different between the two groups. This may be due
to insufficient reduction in ADAMTS-13 activity to se-
verely affect vVWF activity.

This study still has many limitations. The number of ALL
patients is not very large. In addition, mechanisms about re-
duction of ADAMTS-13 and how ADAMTS-13 affect prog-
nosis after HSCT are still unclear and need to be studied in the
future. To conclude, we explored the role of low ADAMTS-
13 activity in the prognosis of ALL patients after HSCT,
which will help to fully understand the clinical significance
of ADAMTS-13 in leukemia, especially its predictive effect
on the prognosis of acute leukemia.
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