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Background. Sinusoidal obstructive syndrome (SOS) is a potentially fatal complication secondary to hematopoietic stem cell
transplant (HSCT) conditioning. Endothelial damage plasma biomarkers such as plasminogen activator inhibitor-1 (PAI-1),
hyaluronic acid (HA), and vascular adhesion molecule-1 (VCAM1) represent potential diagnostic tools for SOS. Methods. We
prospectively collected serial citrated blood samples (baseline, day 0, day 7, and day 14) in all adult patients undergoing HSCT
at La Paz Hospital, Madrid. Samples were later analyzed by ELISA (enzyme-linked immunosorbent assay) for HA, VCAM1,
and PAI-1 concentrations. Results. During sixteen months, we prospectively recruited 47 patients. Seven patients (14%) were
diagnosed with SOS according to the EBMT criteria for SOS/VOD diagnosis and received treatment with defibrotide. Our
study showed a statistically significant elevation of HA on day 7 in SOS patients, preceding clinical SOS diagnosis, with a
sensitivity of 100%. Furthermore, we observed a significant increase of HA and VCAM1 levels on day 14. Regarding risk
factors, we observed a statistically significant association between SOS diagnosis and the fact that patients received 3 or more
previous lines of treatment before HSCT. Conclusions. The early significant increase in HA levels observed opens the door to a
noninvasive peripheral blood test which could have the potential to improve diagnosis and facilitate prophylactic and
therapeutic management of SOS before clinical/histological damage is established.

1. Background

Sinusoidal obstructive syndrome (SOS) or venooclusive dis-
ease (VOD) is a complication of hematopoietic stem cell
transplant (HSCT) which derives from the endothelial dam-
age provoked by conditioning regimens. It is associated with
hepatomegaly, ascites, jaundice, and thrombocytopenia and
can progress to multiorgan failure (MOD) and death [1, 2].

Classical SOS typically occurs between the first and third
weeks following HSCT, but it may also occur later. When

promptly diagnosed and treated, SOS is reversible in most
patients, but its mortality rate could exceed 80% in the
presence of MOD [3]. A decrease in the incidence of SOS
has been reported in the last few years [4]. However, recent
evidence suggests that SOS might be underdiagnosed, espe-
cially when occurring in a late onset setting [5, 6].

To date, SOS diagnosis is made according to clinical
findings [7]. In the adult setting, the most recent criteria
are the EBMT criteria for SOS/VOD diagnosis in adults
[8] which require the presence of hyperbilirubinemia
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(total bilirubin ≥ 2mg/dl) and at least two of the following:
painful hepatomegaly and >5% weight gain or ascites within
3 weeks of HSCT [9]. Abdominal ultrasound (US) showing a
reversal of the sinusoidal flow among other abnormalities is
commonly used to support SOS diagnosis. Nevertheless, it
requires an expert sonographer and its role is still controver-
sial because of nonuniformity of results [10, 11]. Recently,
novel simplified US scoring systems have been described
(HokUS-10 and HokUS-6) [12–15] which show an excellent
diagnostic value for SOS but still need to be validated in
larger and prospective trials. Transjugular liver biopsy for
histological evidence of SOS remains the gold standard but
is invasive and difficult to perform and is therefore not man-
datory for diagnosis [8, 16, 17].

However, all these findings are late events in the pathol-
ogy of the disease [18] and emerge after histological damage
is established [19]. Prophylaxis and treatment with defibro-
tide (Jazz Pharmaceutical, Palo Alto, CA) have shown the
most promising results in several clinical trial [20–23]. Nev-
ertheless, treatment with defibrotide can carry significant
risks, such as severe hemorrhage, especially in the context
of severe thrombocytopenia present in this patient popula-
tion [24–26]. Therefore, there is a clear need for a noninva-
sive and accurate method for early SOS diagnosis [2, 18].

There is still no validated blood test to confirm SOS
diagnosis. Several potential biomarkers have been suggested,
such as hyaluronic acid (HA), vascular adhesion molecule-1
(VCAM1), and plasminogen activator inhibitor-1 (PAI-1)
[27]. However, to date, none of these biomarkers have
shown a significant increase before the clinical SOS diagno-
sis was established. Systemic levels of these molecules are
regarded as possible markers of hepatic sinusoidal endothe-
lial cell damage [27–29].

In addition, a biomarker panel called EASIX (“endothe-
lial activation and stress index”) [29], containing creatinine,
lactate dehydrogenase, and low platelets, has recently been
described a potential surrogate for predicting endothelial
injury before conditioning and day 0 [30]. Another clinical
risk score published by the Center for International Blood
and Marrow Transplant Research (CIBMTR) [31] can
potentially predict the development of SOS.

Following HSCT, injury to the endothelium induces
inflammation which triggers the release of multiple coagula-
tion factors, adhesion molecules (such as VCAM1) and also
fibrinolysis inhibitors (such as PAI-1) [9]. Moreover, HA is
an extracellular polysaccharide which is elevated in the case
of histologic injury in patients with chronic liver disease
(cirrhosis and acute cellular rejection in liver transplant
patients) [4, 32–34] and also in SOS secondary to
oxaliplatin-based chemotherapy [29].

Incidence of SOS is highly associated with the presence
of several risk factors related either to the type of transplant
and conditioning regimen or to the patient’s characteristics
such as age or prior therapy [35].

The aim of this prospective observational study is to
evaluate plasma HA, VCAM1, and PAI-1 as diagnostic
biomarkers in patients with SOS following HSCT and to
correlate serial measurements of these biomarkers with the
evolution of SOS.

2. Methods

All adult patients (≥18 years old) who underwent an alloge-
neic or autologous transplant at La Paz University Hospital
in Madrid, Spain, were prospectively included during sixteen
months in this unicentric observational study. At our center,
approximately 40 patients per year undergo allogeneic or
autologous transplant. Given the low reported incidence of
SOS that generally ranges from 5 to 20% [2, 36], this study
is designed as an exploratory analysis and its results should
be later confirmed in a multicentric study with a larger
patient population.

According to our local guidelines for SOS prophylaxis,
all patients received prophylactic low molecular weight hep-
arin throughout the entire period of hospitalization. Patients
were diagnosed with SOS when they fulfilled the EBMT cri-
teria within 3 weeks of HSCT. At diagnosis, patients were
started on intravenous defibrotide (Jazz Pharmaceutical)
25mg/kg/day.

Citrated peripheral blood samples were collected from
all patients at four timepoints: the day before the start of
the conditioning regimen (baseline measurement), the day
of stem cell infusion (day 0), and day 7 and day 14 after infu-
sion. From patients who developed SOS (SOS group), addi-
tional samples were obtained on day 21 and once per week
until the resolution of SOS or discontinuation of defibrotide.
Patients who underwent HSCT without developing SOS
were the control group (non-SOS group).

Platelet-free plasma was obtained by double centrifuga-
tion at 23°C (15 minutes at 1,500 g and 2 minutes at
13,000 g) and stored at -80°C in aliquots until analysis with
ELISA kits of HA (Cusabio, Texas, USA), VCAM1 (Sigma,
Madrid, Spain), and PAI-1 eBioscience, Vienna, Austria)
concentrations that were performed within the three months
after its obtention. Routine laboratory analysis data was also
registered. Total bilirubin was tested in serum samples using
Siemens reagents in Atellica equipment within two hours
after blood draw. HA’s normal range is 5.12-92 ng/ml,
sensitivity 0.027-0.200 ng/ml, intra-assay precision coeffi-
cient of variation % (CV%) 7.2% and 3.6% for low and
high concentrations, respectively, and interassay precision
CV% 4.8%. VCAM1’s normal range is 349-991ng/ml, sen-
sitivity 300 pg/ml, intra-assay precision CV% < 10%, and
interssay precision CV% < 12%. PAI-1’s normal range is
0.9-99.0 ng/ml, sensitivity 29.0 pg/ml, intra-assay precision
CV% 4.7%, and interassay precision CV% 5.0%. Total biliru-
bin’s normal range is 0.30-1.20mg/dl, sensitivity <0.1mg/dl,
intra-assay precision CV% 2.1%, and interassay precision
CV% 6.3%.

The primary endpoint was the comparison of the plasma
level of HA, VCAM1, PAI-1, and total bilirubin between the
SOS group and non-SOS group. Secondary endpoints were
as follows: (1) the evolution of biomarkers between the
SOS group and non-SOS group and (2) the comparison of
risk factors between the SOS group and non-SOS group.

Statistical analyses were performed with SPSS software.
Receiver operating characteristics (ROC) curve from logistic
regression models with area under the curve (AUC) was
used to present the correlation of clinical outcomes and
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biomarkers. Fisher’s exact test was used to describe the asso-
ciation between SOS development and known risk factors. A
p value of ≤0.05 is considered statistically significant.

Study protocol was approved by the Ethics Committee of
La Paz University Hospital (PI-1743), and informed consent
was obtained from all participating patients. The study was
conducted in accordance with the Declaration of Helsinki.

3. Results

We prospectively included 47 patients undergoing allogeneic
or autologous HSCT at our center. Seven patients (14%)
were diagnosed with SOS between days 10 and 15 (median
12 days) after HSCT according to the EBMT criteria and
immediately started on intravenous defibrotide. All 7
patients presented with hyperbilirubinemia (total bilirubin
≥ 2mg/dl) at SOS diagnosis. Abdominal US were per-
formed, showing SOS signs in all 7 patients. No late-onset
SOS was objectivated. Transjugular liver biopsy was not
performed in SOS patients due to severe thrombocytope-
nia present in all patients at the time of diagnosis.
Table 1 summarizes patient’s characteristics of the whole
study population.

Biomarker data were available, as planned, at baseline,
on days 0, 7, 14, and 21 in all 7 SOS patients. Additional
samples were obtained on day 28 in 6 of the patients, who
were still on defibrotide by that time. Regarding the non-
SOS group, for logistic reasons, biomarker data for day 7
were only available in the first 16 patients included in the
study (8 patients undergoing allogeneic and 8 autologous
HSCT). For the other planned timepoints (baseline, day 0,
and day 14), biomarker results were available for 35 of the
40 of non-SOS patients.

In the SOS group, HA significantly increased on day 7
(AUC = 0:848; 95% CI: 0.687-1.000) (Figure 1), which is
remarkable because it took place before the clinical SOS
diagnosis. On day 14, HA was still significantly elevated
(AUC = 0:804; 95% CI: 0.643-0.964). Figure 2 represents
the ROC curves for HA at different times. With a cut-off
value of 172 ng/ml, HA sensitivity for SOS diagnosis is
100% (95% CI: 59.04-100.00), while specificity is 56.25%
(95% CI: 29.88-80.25) (Table 2). Positive predictive value is
50%, and negative predictive value is 100%. The cut-off value
of 172 ng/ml was chosen as this was the highest value still
yielding 100% sensitivity within the sample. The other bio-
markers analyzed show no statistically significant increase
at day 7 (Figure 1).

Table 1: Patient characteristics.

Patient’s characteristics SOS (n = 7) Non-SOS (n = 40) p value (Mann–Whitney/Fisher’s exact)

Age (years, median (range)) 59 (25-70) 51 (20-68) 0.198

Female sex, n (%) 3 (43%) 19 (48%) 0.999

Type of HSCT, n (%) 0.395

Autologous 1 (14%) 16 (40%)

Allogeneic 6 (86%) 24 (60%)

Type of donor, n (%)

MUD 0 8 (20%) 0.155

MRD 2 (29%) 8 (20%) 0.999

Haploidentical 4 (57%) 8 (20%) 0.184

Conditioning regimen, n (%)

Intensity 0.173

Myeloablative 3 (43%) 30 (75%)

Nonmyeloablative 4 (57%) 10 (25%)

Containing busulfan 5 (71%) 22 (55%) 0.682

Containing cyclophosphamide 4 (57%) 17 (43%) 0.684

Containing TBI 0 2 (5%) 0.999

Previous chemotherapy lines, median (range) 3 (2-9) 2 (1-5) 0.019

Previous autologous HSCT, n (%) 2 (29%) 3 (8%) 0.154

Hematologic disease, n (%) 0.986

Acute myeloid leukemia 2 (29%) 11 (27%)

Acute lymphoid leukemia 0 5 (13%)

Myelodysplastic syndrome 1 (14%) 3 (8%)

Multiple myeloma 1 (14%) 4 (10%)

Non-Hodgkin lymphoma 2 (29%) 9 (23%)

Hodgkin lymphoma 1 (14%) 7 (18%)

Aplastic anemia 0 1 (3%)

MRD: matched related donor; MUD: matched unrelated donor.
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When analyzing patients undergoing allogeneic and
autologous HSCT separately, we observed that HA is signif-
icantly increased on day 7 in allogeneic HSCT patients
(AUC = 0:875; 95% CI: 0.663-1) with a 100% sensitivity for
SOS diagnosis (95% CI: 54 to 100) and a 75% specificity (95%
CI: 35-97) (Supplementary Figure 1 and Supplementary
Table 1). Given the fact that only one patient developed SOS
in the autologous HSCT group, results are not statistically
significant for this group (100% sensitivity (95% CI: 2-100)
and 37% specificity (95% CI: 9-76) for SOS diagnosis for HA
at day 7). We observed similar HA baseline level and kinetics
in both groups (Supplementary Figure 2).

VCAM1 levels (AUC = 0:737; 95% CI: 0.519-0.954) sig-
nificantly increased on day 14 in the SOS group, along with
an increase in total bilirubin (AUC = 0:887; 95% CI: 0.762-
1.000). Regarding PAI-1 kinetics in patients who developed
SOS, we observed a moderate increase on day 14 which
was not statistically significant (Figure 1).

A days
BSD 0 7 14

Biomarkers

VCAM1 0.5 0.361 0.555 0.737
HA 0.485 0.489 0.848 0.804

PAI-1 0.515 0.616 0.58 0.625
Bilirubin 0.532 0.576 0.608 0.887

In green: biomarkers for which the 95% confidence intervals do not include 0.5

95% confidence interval of AUC obtained from a ROC.

In bold: biomarkers for which the confidence intervals do not include 0.5
(significantly better than a random variable).

SOS: sinusoidal obstruction syndrome; HSCT: hematopoietic stem cell transplant;
HA: hyaluronic acid; VCAM1: vascular adhesion molecule-; PAI-1: plasminogen
activator inhibitor-1; BSD: basal sample day.

(significantly better than a random variable).

B days
BSD 0 7 14

Biomarkers

VCAM1
0.223−
0.777

0.140−
0.583

0.275−
0.834

0.519−
0.954

HA
0.203−
0.766

0.236−
0.743

0.687−
1.000

0.643−
0.964

PAI-1
0.219−
0.810

0.337−
0.831

0.274−
0.885

0.333−
0.879

Bilirubin
0.324−
0.741

0.353−
0.798

0.334−
0.882

0.762−
1.000

Figure 1: Association of each biomarker with the development of SOS at different times of HSCT. AUC (area under the curve) obtained
from a ROC (receiver operating characteristic).
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Figure 2: ROC curves of HA predicting SOS for different times of
HSCT. SOS: sinusoidal obstruction syndrome; HSCT: hematopoietic
stem cell transplant; HA: hyaluronic acid; ROC: receiver operating
characteristic.

Table 2: Number of patients predicted as having SOS (yes) or not
(no) according to their HA level on day 7 (cutoff HA value > 172
ng/ml).

SOS-yes SOS-no

Predicts yes 7 7

Predicts no 0 9

Sensitivity = 100% (95% CI: 59.04-100.00). Specificity = 56:25% (95% CI:
29.88-80.25). SOS: sinusoidal obstruction syndrome; HA: hyaluronic acid.
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The outcome of all 7 SOS patients was favorable after
treatment with defibrotide. Total bilirubin levels decreased
after a median of 7 days of treatment. No significant bleed-
ing was observed during defibrotide treatment despite the
severe thrombocytopenia present in all patients. No throm-
botic events occurred in either group during our study.
Figure 3 shows the evolution of the biomarkers during the
study. In the SOS group, PAI-1 decreased during defibrotide
treatment (day 14 to day 28) and tended to return to baseline
with SOS resolution. The same occurred to total bilirubin
levels, which decreased during treatment and normalized
(<2mg/dl) in all patients by day 28. On the other hand,
HA and VCAM1 levels remained stable despite SOS
remission.

Finally, we observed an association between SOS diag-
nosis and known SOS risk factors. Patients who received 3
or more previous lines of treatment before HSCT have a
statistically significant risk of developing SOS (71.4% SOS
vs. 27.5% non-SOS; p = 0:036) (Table 3). Additionally,
66% of the patients who developed SOS had received a
haploidentical HSCT, against only 33% of patients at the
non-SOS group (p = 0:18). Other known SOS risk factors
were also present in the SOS group: higher median age
(59 vs. 51 years), previous autologous HSCT (28.6% vs.
7.5%, p = 0:15), and having received a busulfan-based con-
ditioning (71.4% vs. 55%, p = 0:68), but they did not reach
statistical significance.

4. Discussion

New tools are required to establish early and accurate SOS
diagnosis after HSCT [37]. In recent years, there has been
significant progress; however, no biomarker is yet available
for clinical use in the HSCT setting [16, 38].

In the present study, we have prospectively measured
several plasma biomarkers as potential markers for hepatic
sinusoidal endothelial cell injury [27]. Consistent with recent
studies [32, 33], we have shown an association between the
increase of these biomarkers (HA, VCAM1, and PAI-1)
and SOS development.

Regarding HA, two previous studies had described a ten-
dency towards an increase in HA levels in patients who
develop SOS, but no significant results at an early stage of
transplant being described so far [27, 28]. HA is normally
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Figure 3: Evolution of the mean (standard deviations) of each biomarker in patients with and without SOS during HSCT. SOS: sinusoidal
obstruction syndrome; HSCT: hematopoietic stem cell transplant; HA: hyaluronic acid; VCAM1: vascular adhesion molecule-; PAI-1:
plasminogen activator inhibitor-1; BSD: basal sample day.

Table 3: Number of patients with/without SOS according to the
number of previous lines of treatment.

SOS
Total

Yes No

Previous treatments
<3 lines 2 29 31

≥3 lines 5 11 16

Total 7 40 47

Fisher’s exact test = 0:036. SOS: sinusoidal obstruction syndrome.
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cleared by hepatic sinusoidal endothelial cells. When these
cells are injured in SOS, there is decreased clearance of HA
which is the potential explanation for this increase [27, 29].
Herein, we have observed for the first time a statistically sig-
nificant elevation of HA on day 7 and day 14. Interestingly,
the rise in plasma HA levels on day 7 preceded the rise of
total bilirubin and clinical SOS diagnosis in all 7 patients.

When using 172ng/ml as a cut-off, the sensitivity and
specificity of plasma HA on day 7 for the diagnosis of SOS
are 100% (95% CI: 59.04-100.00) and 56% (95% CI: 29.88-
80.25), respectively, and the positive and negative predictive
values were 50% and 100%, respectively. Our data suggests
that absence of HA elevation on day 7 could rule out future
development of SOS. It could be hypothesized that those
patients might not require defibrotide prophylaxis, while
we could discuss defibrotide prophylaxis in the rest of cases
in order to avoid progression to overt SOS [29]. This early
significant increase in HA plasma levels could represent a
simple and noninvasive method to accelerate SOS diagnosis
before a histological damage has occurred and before SOS
symptoms are overt [24]. Nevertheless, given the small
number of patients in our study, large multicentric trials
are needed to validate these results and to define a cut-
off for plasma HA levels that could be used in regular
practice [27, 33].

Furthermore, when looking into allogeneic and autolo-
gous HSCT separately, HA elevation on day 7 is statistically
significant for allogeneic HSCT patients, with a 100% sensi-
tivity (95% CI: 54-100). Given the small number of patients
undergoing autologous HSCT included in the study, no con-
clusions can be specifically drawn from this subgroup of
patients. We observed a similar behavior of HA kinetics
and baseline level in both allogeneic and autologous HSCT.
However, our study was not designed to compare both pop-
ulations of patients and larger studies are needed to confirm
whether this biomarker could be useful in both settings.

VCAM1 is a sialoglycoprotein present on the cell surface
of cytokine-activated endothelium that participates in the
adhesion of leukocytes to endothelium [39]. The role of
VCAM1 in SOS development has been previously reported.
Consistent with a previous study, we observed a significant
increase of VCAM1 levels on day 14 [27, 40] when the
EBMT criteria were already met.

Levels of PAI-1, a fibrinolysis suppressor, increase in the
presence of thrombosis and in the presence of other diseases
such as septic shock [27] and probably SOS [41]. In our
study, we did not observe significant differences in PAI-1
levels between patients with or without SOS. A moderate
increase in PAI-1 is observed by day 14 with a more impor-
tant elevation occurring by day 21 in SOS patients.

Risk factors for SOS development are generally divided
into patient-related factors (e.g., prior therapy, age, and
preexisting liver disease) or transplantation-related factors
(e.g., HLA-mismatched, conditioning regimen containing
busulfan, cyclophosphamide, or TBI (total body irradia-
tion)) [37, 42]. In our study, we found a statistically signifi-
cant increase of SOS diagnosis in patients who received 3
or more previous lines of treatment before HSCT. We also
observed a higher percentage of SOS patients who had

received a previous autologous transplant. Both risk factors
are derived from preexisting endothelial damage before
HSCT. Association with other risk factors such as older
age and busulfan-based conditioning are also observed in
the SOS group [43].

Interestingly, two-thirds of the patients in the SOS group
underwent a haploidentical HSCT, compared to only 33% in
the non-SOS group. This result is not statistically significant
and should be interpreted with caution given the small num-
ber of patients in the study. An increased incidence of SOS
in HLA-haploidentical HSCT is expected given the high
degree of HLA mismatch and the use of cyclophosphamide
in the posttransplant setting [8]. Several retrospective studies
have showed no increased incidence of SOS for haploidenti-
cal HSCT [5, 44]. However, no prospective study has yet
specifically addressed the risk of SOS in this setting and a
haploidentical donor is still considered a risk factor as any
HLA-mismatched donor [16, 18, 22, 36].

Finally, we observed the evolution of biomarkers in SOS
patients during treatment with defibrotide (Figure 3). PAI-1
kinetics resemble those of total bilirubin: we appreciate an
important decrease after day 21, followed by a complete
normalization of its levels after treatment with defibrotide
by day 28 as already observed in a previous study [1]. On
the other hand, HA and VCAM1 levels remained elevated
even after SOS resolution, which could potentially limit its
diagnostic role for a SOS relapse. Complete resolution of
the inflammatory state at the hepatic sinusoids takes longer
than restoration of the thrombotic-fibrinolytic balance. This
would explain the slower decrease of HA and VCAM1 levels
compared to PAI-1.

Furthermore, late-onset SOS can present without total
bilirubin elevation [45] which can complicate its diagnosis
even more [5]. The role of these biomarkers in the late-
onset SOS remains to be determined but might also repre-
sent a useful tool in this setting to reach SOS diagnosis and
eventually guide the duration of defibrotide treatment.

The small number of patients included in the study is an
important limitation. Moreover, available samples on day 7
are limited, which potentially decreases the specificity and
limits the interpretation of our results. None of our patients
developed late-onset SOS, and our study does not address
the possible use of these biomarkers in that setting [8], and
this can potentially limit the interpretation of results. We
report a SOS incidence of 14% for the whole study popula-
tion (20% for allogeneic HSCT and 5.9% for autologous
HSCT) which is considerably high compared to previously
reported incidence [3, 36, 46]. Nevertheless, most studies
report an incidence with a range that can go from 0% to
40% in allogeneic HSCT and 0% to 12% in autologous HSCT
[2]. This variability from one center to another evidences the
lack of accuracy of the existing SOS clinical criteria and
stresses the need to discover new tools to improve SOS diag-
nosis. Our study includes both patients undergoing autolo-
gous and allogeneic HSCT, as previous studies focusing on
SOS have previously reported [26, 29]. However, condition-
ing regimens used for autologous HSCT are generally less
aggressive and its SOS incidence is lower than for allogeneic
HSCT, which could also limit the interpretation of results.
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5. Conclusion

In summary, our study shows that HA is a potential inde-
pendent biomarker to help establish early SOS diagnosis
even before other known signs and symptoms have been
declared. The rise of VCAM1 and PAI-1 seems to take place
in a later phase, together with total bilirubin rise.

Our findings support further investigation of the role of
these 3 biomarkers in a multicenter setting. These studies
should address the potential role of HA as a predictor of
SOS and its potential incorporation to risk scores of SOS
development [9, 30]. Future analyses should also question
whether there is a significant increase in SOS incidence in
the haploidentical HSCT setting.

Data Availability

The datasets used and analyzed during the current study are
available from the corresponding author on reasonable
request.

Additional Points

Novelty Statement. (i) What is the new aspect of your work?
Plasmatic levels of hyaluronic acid (HA) significantly
increase before sinusoidal obstructive syndrome (SOS) clin-
ical diagnosis. (ii) What is the central finding of your work?
HA potentially represents an independent biomarker to
guide SOS prophylaxis and treatment. (iii) What is (or could
be) the specific clinical relevance of your work? SOS is a
potentially fatal complication after hematopoietic stem cell
transplant (HSCT), and therefore, new noninvasive methods
to early diagnose SOS are needed.
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