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Abstract: Background: Serum albumin is crucial for critically ill patients. To date, several reports have
focused on the influence of lower albumin levels on poorer prognosis and disease outcome in different
subsets of critical clinical conditions varying from sepsis, to cirrhosis, renal failure, and cancer. In the
last few years, investigators reported the role of serum albumin levels in predicting the thrombotic
risk in patients with nephrotic syndrome, and, in particular, the degree of hypoalbuminemia seemed
to influence the risk of thromboembolism. Decreased serum albumin has been associated with the
risk of venous thromboembolism and mortality in adult cancer patients after ending chemotherapy
for different malignancies. Aims: We aimed to investigate the role of serum albumin in a cohort
of children diagnosed as having VTE (venous thromboembolism) during their treatment for acute
lymphoblastic leukemia (ALL) compared to ALL children who did not experience VTE. Methods: A
nested case-control study was conducted at the Pediatric Oncology and Hematology Department,
University Hospital of Bari. A total of 167 patients were diagnosed as having ALL and treated
according to AIEOP-BFM ALL 2000-R2006 protocol. Among these, 12 cases of VTE were recorded
and matched to 31 controls, for a total of 43 ALL patients (30 males, aged 1.2–16.6 years) enrolled in
the present study. Serum albumin level was collected at diagnosis—before the start of any treatment—
(time point 0) and at the moment of the VTE or corresponding time point of the protocol (time
point 1). Information on inherited thrombophilia genotype were also recorded. Results: Patients
presenting VTE showed a marked reduction of average albumin levels as compared to the control
children: t0–t1 1.1 IC (95%) = (0.55, 1.65) vs. 0.31 IC (95%) = (0.08, 0.55); p < 0.005. Conclusions:
The reduction of serum albumin levels in our cohort might be an expression of altered vascular and
endothelial homeostasis, likely predisposing to VTE. This important clinical observation warrants
further larger studies.
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1. Introduction

Serum albumin is crucial for critically ill patients [1]. To date, several reports have
focused on the influence of lower albumin levels on poorer prognosis and disease outcome
in different subsets of critical clinical conditions varying from sepsis [2], to cirrhosis [3,4],
renal failure [5], and cancer in adult [6] and pediatric patients [7].

In the last few years, investigators reported the role of serum albumin levels in
predicting the thrombotic risk in patients with nephrotic syndrome [8], and, in particular,
the degree of hypoalbuminemia seemed to influence the risk of thromboembolism [9].
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The hypothesis that low serum albumin could be associated with venous thromboem-
bolism (VTE) has been tested in a large population-based cohort, as well [10]. The study
concluded low serum albumin being a modest marker of increased VTE risk. A large met-
analysis confirmed the role of hypoalbuminemia as a risk factor for VTE in both medical
and surgical patients irrespective of cancer coexistence. According to the authors of [11],
serum albumin analysis may represent a simple and cheap tool to identify patients at
VTE risk.

Decreased serum albumin has been associated with the risk of venous thromboem-
bolism and mortality in adult cancer patients after ending chemotherapy for different
malignancies [12]. Moreover, more recently, others reported the predictive role of hypoal-
buminemia on VTE in gastric and pancreatic cancer [13,14].

However, it is still a major debate as to why and how albumin decrease might influence
the occurrence of VTE, and the majority of authors conclude that albumin decline is a
marker of increased risk, rather than a direct cause, of VTE.

In children treated for acute lymphoblastic leukemia (ALL), hypoalbuminemia is
often present likely as a side effect of therapy, in particular, hepatic toxicity with reduced
protein synthesis. Asparaginase (ASP), used in the treatment of ALL since the 1960s, causes
depletion of L-asparagine, reducing hepatic protein synthesis [15].

Moreover children with ALL have an increased risk of VTE due to a multifactorial
etiology, such as the unavoidable presence of a central venous catheter, chemotherapy
protocols affecting the endothelium and hemostatic system, and inherited risk factors, such
as thrombophilia [16]. Derangement of the hemostatic system, hepatic toxicity, and VTE
are amongst major side effects of ASP during treatment for ALL, which are to be taken into
account with hypoalbuminemia considering the cumulative risk of VTE.

We aimed to investigate the role of serum albumin in a cohort of children diagnosed
with VTE during their treatment for ALL compared to ALL children who did not experience
VTE. The hypothesis is that adequate levels of albumin would represent a protective
factor for the endothelium and for the endothelial homeostasis, acting positively on the
inflammatory state caused mainly by chemotherapy [17]. The reduction of albumin could
favor the occurrence of thromboembolic events.

2. Methods

A case-control study was conducted at the Pediatric Oncology and Hematology De-
partment, University Hospital of Bari. The study regarded patients being treated for ALL
enrolled in the AIEOP-BFM ALL 2000-R2006 protocol (which is an Italian front-line protocol
for the treatment of acute lymphoblastic leukemia in children and adolescent <18 years of
age) [18] based on polychemotherapy, including corticosteroids and asparaginase.

We retrospectively collected data from patients treated at our Institution, notified as
having a VTE in the specific database of the AIEOP-BFM ALL 2000-R2006 protocol, which
evaluates the adverse events occurring during protocol application.

In the present study, symptomatic cerebral venous thromboses were included. A
symptomatic VTE was defined as any VTE diagnosed by appropriate instrumental testing
after the appearance of clinical symptoms typically suggesting VTE.

Each VTE case was matched to a set of two to three controls extracted from the cohort
of AIEOP-BFM ALL 2000-R2006 patients treated at our Pediatric Oncologic AIEOP Center.
Cases and controls were matched according to sex, age, the ALL immunophenotype (T-ALL,
pB-ALL), the steroid used (DXM, PDN), the phase of therapy, the outcome (dead or alive
and in complete remission, when applicable) at the same time of scheduled chemotherapy
with respect to the case patient, as previously reported [19].

Exclusion criteria were: (1) acute infection, sepsis, or septic shock within the preceding
2 weeks, (2) dehydration, (3) liver or renal insufficiency, and (4) congenital malformations.
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2.1. Patients

At our AIEOP Center, 167 patients were diagnosed as having ALL and treated accord-
ing to AIEOP-BFM ALL 2000-R2006 protocol. Among these, 12 cases of VTE were recorded
and matched to 31 controls, for a total of 43 ALL patients (30 males, aged 1.2–16.6 years)
enrolled in the present study.

2.2. Laboratory Data Collection

Data collection regarded white blood cell count (WBC), platelet count, C-reactive
protein (CRP), liver transaminase, clotting test in terms of levels of ATIII, FBG, the presence
of a central venous catheter at the moment of VTE in cases or at the same time of scheduled
chemotherapy in controls. Serum albumin level was collected at diagnosis—before the start
of any treatment—(time point 0, t0) and at the moment of the VTE or corresponding time
point of the protocol (time point 1, t1).

Inherited thrombophilia genotype was also recorded; in particular, data about the
presence of factor V Leiden, the presence of a G20210A mutation in the prothrombin gene,
and the presence of C677T and A1298C polymorphism of the methylene tetrahydrofolate
reductase (MTHFR) gene.

The genetic data were extracted from a database enrolling approximately 200 ALL
patients. Among these, 30 out of 43 ALL patients participating in the present study had
genetic data available.

The AIEOP-BFM ALL 2000-R2006 multicenter study was conducted in accordance
with the ethical standards stated in the Declaration of Helsinki and approved by the local
ethical committee; informed consent was obtained from parents or guardians.

2.3. Statistical Analysis

The comparison between groups was conducted by means of the two-tailed Student’s
t-test for comparison between two averages.

Pearson′s correlation coefficient was used to analyze the correlation between albumin
levels at time point 0 and time point 1.

A logistic regression model was estimated to assess the influence of polymorphisms
for thrombophilia and reductions in albumin levels on event probability.

All analyses and graphs were obtained by means of the statistical language R version
4.3.3.

Relative change in the albumin levels was computed as (alb1–alb0)/alb0, so negative
values mean a reduction from time 0 to time 1.

3. Results

Forty-three patients were recruited, including 12 patients with thrombosis and
31 controls, and 30 were male and 13 were female. All patients were diagnosed with
ALL with a mean age of onset of 6.2 years. The leukemic immunophenotype was found
to be B-lineage in 37/43 patients, T-lineage 6/43 patients. According to the treatment
protocol, 25/43 patients were treated with prednisone (PDN), 18/43 were treated with
dexamethasone (DXM).

Ten out of twelve patients with VTE presented B-lineage leukemia, 2/12 T-lineage
immunophenotype. The analysis of leukemic immunophenotype showed no difference
between cases and controls. Eight out of 12 patients presented the VTE during the induction
phase of therapy (between day 16 and day 42 of the induction phase), while 4/12 during
the reinduction phase (between day 16 and day 22 of the reinduction). In all patients VTE
occurred after ASP administration.

In 21/43 patients a central venous catheter (CVC) was present, while in 22 it was not.
Three out of twelve patients with VTE had a CVC at the moment of the event.

The 12 patients were treated with low molecular weight heparin (LMWH), with
complete regression of the thrombosis, and are alive. One patient is dead due to the
progression of the leukemia.
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3.1. Inherited Thrombophilia

Information about inherited thrombophilia were available in 31/43 patients: one
patient was a carrier of the gene for factor V Leiden in heterozygosis, and 4 patients carried
the G20210A mutation of the prothrombin gene in heterozygosis. Regarding the clinically
less relevant MTHFR gene polymorphism, 14 patients had the C677T polymorphism of
the MTHFR gene in heterozygosis, 4 of whom were homozygosis; 14 patients carried the
A1298C polymorphism of the MTHFR gene in heterozygosis, 4 of whom were homozygosis.
The remaining patients did not show any genetic mutations.

Nine out of twelve patients who presented VTE had information for inherited throm-
bophilia: 2 patients carried the G20210A mutation of the prothrombin gene in heterozygosis,
5 patients were carriers of the C677T polymorphism of the MTHFR gene in heterozygosis,
1 of whom was homozygosis, 4 patients carried the A1298C polymorphism of the MTHFR
gene in heterozygosis.

The results from the analysis of genotypes for hereditary thrombophilia show that
there is no statistically significant difference between the control group and the group of
thrombotic patients in terms of genetic predisposition to thrombotic events.

3.2. Albumin Levels

The average serum albumin at onset in patients with thrombosis was 4.16 g/dl and
3.55 g/dl in control cases. On the day of the event, albumin averaged 3.11 g/dl in patients
with thrombosis and 3.19 g/dl in control cases. In patients with VTE, there was a 24.84%
reduction in mean serum albumin levels, whereas in the controls the reduction in albumin
averaged 7.83%.

The clinical characteristics of patients are shown in Table 1.

Table 1. Clinical characteristics of patients.

Event

Variables No (n = 31) Yes (n = 12) p-Value

Age 5.9 (4.3) 7.0 (4.0) 0.44
Gender (%M) 23/31 7/12 0.46

Albumin at time 0 3.55 4.16 0.0052
Albumin at time 1 3.19 3.11 0.64

Change in albumin (%) −7.83 −24.84 0.0041
Platelets/mmc 201,454 140,666 0.0325

Antitrombin III (%) 115.8548 119.7273 0.69
Fibrinogen (mg/dL) 159.8 182.6 0.53
Glutamic oxalacetic

transaminase 32.5 38.8 0.59

Glutamic pyruvic transaminase 84.8 91.6 0.82
C reactive protein (mg/dL) 2.17 0.33 0.0948

Central venous catheter (% yes) 18/31 3/12 0.0883
Clinical characteristics of patients according to patients with thrombotic event and controls. Relative changes in
albumin levels were computed as (alb1–alb0)/alb0, so negative values mean a reduction from time point 0 to time
point 1.

According to the statistical analysis results, there were no statistically significant
differences between the two groups with regard to age, gender, antithrombin III, fibrino-
gen, glutamic oxaloacetic transaminase (GOT), glutamic pyruvate transaminase (GPT),
C-reactive protein (CRP), presence of CVC at the day of the event, and albumin levels at
the day of the event.

Albumin levels at diagnosis and the change (expressed as a percentage) in albumin
values between the onset of the disease and the day of the thrombotic event were signifi-
cantly different (Table 2). Beyond these values, platelets were also significantly different
(Table 1).
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Table 2. Albumin levels at the onset of leukemia (time point 0) and at the time of the event (time
point 1).

Event

Variables No (n = 31) Yes (n = 12) p-Value

Albumin at time point 0 3.55 4.16 0.0052
Albumin at time point 1 3.19 3.11 0.64
Change in albumin (%) −7.83 −24.84 0.0041

Mean serum albumin levels of patients and controls. Relative changes in albumin levels were computed as
(alb1–alb0)/alb0, so negative values mean reduction from time point 0 to time point 1.

Figure 1 shows the distribution of albumin levels in relation to the percentage of
reduction for patients with and without VTE.
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Figure 1. Scatterplot of albumin levels at time 0 and relative change. Black dots refer to patients who
presented venous thromboembolism and grey triangles refer to patients who did not.

The relative change in albumin levels was calculated as (alb1–alb0)/alb0, such that
negative values indicate a reduction in albumin from time 0 (date of onset) to time 1 (date
of event).

Patients with VTE showed a more pronounced mean reduction in albumin levels than
patients without a thromboembolic event: mean t0–t1 1.1 IC (95%) = (0.55, 1.65) vs. 0.31 IC
(95%) = (0.08, 0.55); p < 0.0050.

Changes in albumin levels (t0–t1) in the group of patients with thrombosis were
strongly correlated with albumin level at time 0 (r = −0.56, p = 0.0002) indicating that
higher albumin levels at the onset of leukemia (time 0) corresponded to a greater reduction
in albumin levels detected on the day of the thrombotic event (time 1) (Figure 1).

In the box-and-whisker diagram (boxplot) in Figure 2, the sharp reduction in albumin
detected in the thrombosis cases compared to the control group can be directly observed.
The patients with thrombosis suffered a sharp decline in albumin levels.
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Figure 2. Boxplots of albumin levels for cases and controls, at time point 0 (before any treatment) and
time point 1 (event).

4. Discussion

In the present study, we found a reduction in serum albumin levels in patients who
experienced thromboembolic events during ALL treatment, which was statistically signifi-
cantly greater than in patients who had not experienced thromboembolic complications.

Venous thromboembolism during nephrotic syndrome, associated with albuminuria
and hypoalbuminemia, has been reported to be associated to significant morbidity and
mortality. Retrospective studies have concluded that the degree of hypoalbuminemia
increases the risk of VTE in renal disease. Every 1 g/dl decrease in albumin concentration
is associated with a 2.13-fold increase in the risk of VTE. Thrombosis and the risk of VTE
has been correlated with hypoalbuminemia, which could be as a marker of VTE [8,9].

In addition to patients with nephrotic syndrome, an increased risk of thromboem-
bolism, including both deep vein thrombosis and pulmonary embolism, has also been
reported for adult patients with cancer. According to a cohort study of 1070 patients, albu-
min depletion in cancer patients correlated with thromboembolic events, and, in particular,
with related morbidity and mortality, and could be an expression of tumor cachexia [12].
Although this study was unable to establish a causal relationship between albumin levels
and the occurrence of VTE, it was able to show that in cancer patients, albumin levels are
associated with an increased risk of VTE independently of renal function, inflammatory
markers, and liver synthesis capacity.

The correlation between reduced serum albumin levels and venous thromboembolism
has been reported in pediatric patients as well, in particular, for catheter-related thrombo-
sis [20].

Recently different published evidences have underlined the role of albumin levels on
thrombotic risk in large adult populations [11,21,22] or, in particular, clinical conditions
such as vasculitis [23], community-acquired pneumonia [24], patients being treated with
checkpoint inhibitors [25], or hospitalized acutely ill patients [26].

Interestingly, the protective role of albumin on risk of thrombosis has been recently
reported in patients with COVID-19 [27,28]

Such findings have not been reported before in pediatric patients under treatment
for ALL. However, it is important because VTE in patients with ALL might be a serious
complication during chemotherapy due to the known multifactorial and cumulative throm-
botic risk in such patients [16]. In our pediatric case series, the pathogenetic mechanism
remains debated. First of all, ASP, a key and old drug in the treatment of ALL, might
be responsible for hypoalbuminemia due to impaired hepatic synthesis. Furthermore,
a possible hypothesis could start from the consideration of endothelial damage due to
chemotherapy observed in pediatric patients with ALL [15]. Drugs such as asparagi-
nase, dexamethasone, and anthracyclines have toxic effects on the endothelium through
destabilizing coagulation homeostasis.
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In view of the thromboembolic risk present in patients with ALL undergoing chemother-
apy, in this study, we evaluated not only albumin values but also antithrombin III, fibrino-
gen, GOT, GPT, CRP, and platelet values, factors with a potential influence on thrombotic
risk. No statistically significant difference was found between the two groups of patients
in these parameters, except for the platelet value. It was plausible for us to expect this
difference in platelet count values, venous thromboembolism being an event that, in itself,
causes platelet consumption.

Furthermore, low albumin levels have been found in critically ill patients [1], and the
correlation between inflammatory state and hypoalbuminemia has been shown.

For all the above considerations, it could be assumed that albumin may prove to be a
useful marker in ALL patients, hypoalbuminemia may indirectly be a risk factor for VTE
and may affect coagulative homeostasis due to the numerous metabolic interactions of
albumin and its biochemical role.

From a metabolic point of view, albumin has the ability to mobilize polyunsaturated
fatty acids (PUFAs) from the liver and other tissues so as to increase the formation of
cytoprotective bioactive lipids, lipoxins, resolvins, and protectins that reduce leukocyte
infiltration, suppress inflammation, increase endothelial nitric oxide, protect endothelial
cells, and rebalance hemostasis.

From a biochemical point of view, albumin is very important as it plays a key role
in the detoxification of reactive oxygen species that can disrupt endothelial cells. Human
serum albumin (HSA) holds about 80 per cent of the thiol groups in blood. Albumin is
considered to be an important intravascular scavenger for radicals in plasma due to its
intrinsic production by the liver and its constant high concentration (0.5 mM); therefore,
the reduction of this antioxidant power could favor endothelial damage and consequently
the onset of VTE [29,30].

In this study, for the first time, a reduction in hypoalbuminemia has been related to
the thromboembolic event during chemotherapy for ALL. In particular, our findings refer
to a sharp reduction of albumin levels, indicating that a rapid and consistent reduction
deranged homeostatic system. The concept of the “magnitude of decline in serum albumin”
as a significant predictor of worse outcomes has also been reported in different settings,
such as graft vs. host disease (GVHD) in transplanted patients [31,32].

This finding needs further confirmation with larger studies; however, it should be
considered that the number of 12 patients with VTE found in our study population of the
AIEOP LAL 2000-R2006 protocol represent 25% of the patients with VTE recorded in this
protocol in the entire national territory (48 cases) [19]. Therefore, the reduced sample size
should be attributed to the rarity of the event in a pediatric population.

Following our observation and as reported for patients with COVID-19, in which the
albumin supplementation has been used to dampen hypercoagulability, in our experience,
albumin supplementation during treatment for ALL is being used to prevent critical clinical
conditions. Albumin 20% is being administered intravenously depending on albumin level
drop at the daily dose of 1 mL per kilogram of body weight.

5. Conclusions

The reduction in albumin levels we observed could be an expression of an imbal-
ance in vascular and endothelial homeostasis, probably concurrent in the determinism of
thromboembolic complications. In the context of children being treated for ALL, hypoalbu-
minemia might indicate those patients at a higher risk of VTE. This consideration may be
useful for therapeutic interventions to prevent or correct the reduction in albuminemia in
order to prevent severe toxic complications during chemotherapy for ALL.

Further studies are needed to confirm this, in our opinion, important, observation.
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