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ABSTRACT

Background. In cancer patients, reduced serum albumin has
beendescribed as amarker for global declining health andpoor
prognosis.Ouraimwasto investigate theassociationofalbumin
concentrations with the occurrence of venous thromboembo-
lism (VTE) and mortality in patients with cancer.
Methods.This investigation was performed in the framework
of the Vienna Cancer and Thrombosis Study (CATS), a
prospective observational cohort study. We included 1,070
patients with active cancer and assayed serum albumin from
venous blood taken at study inclusion. Risk for occurrence of
VTE was calculated in a proportional subdistribution hazard
regression model with respect to competing risk of death and
adjusted for cancer site, leukocyte count, estimated glomer-
ular filtration rate, and cholinesterase.

Results. Patients (630 males [58.9%] and 440 females [41.1%])
wereobserved foramedianof723days.During follow-up,90VTE
events (8.4%) and 396 deaths (37.0%) occurred. The median
albuminwas41.3g/L (25th–75thpercentile, 37.6–44.2). Patients
with albumin levels below the 75th percentile had a 2.2-fold
increased risk of VTE (95% confidence interval [CI] 1.09–4.32), as
well as a 2.3-fold increased risk of death (95% CI 1.68–3.20)
comparedwith patientswith albumin above the 75th percentile.
Conclusion. Decreased serum albumin levels in cancer pa-
tients were significantly associated with increased risk of VTE
and mortality. Serum albumin, a marker of a cancer patient’s
overall prognosis, could be considered for risk assessment of
important clinical outcomes such as VTE and mortality.
The Oncologist 2016;21:252–257

Implications forPractice:Cancer patients areat increased riskof venous thromboembolism (VTE). In this prospective cohort study
of 1,070 cancer patients, decreased serum albumin was a marker for risk of VTE and mortality, independent of kidney or liver
function and inflammationmarkers.The study identified a group of patientswith high riskof cancer-associated VTE and a reduced
prognosis who may benefit from supportive therapy such as primary VTE prophylaxis.

INTRODUCTION

Cancer patients are at increased risk of venous thromboem-
bolism (VTE), a disease entity that includes deep vein
thrombosis and pulmonary embolism. The individual risk of
VTE in cancer patients can be assessed by the presence of
specific risk factors [1].

In the general population, reduced serum albumin levels
are associated with a moderately increased risk of VTE
occurrence [2]. Recently, serum albumin has been suggested
as a novel risk factor for VTE occurrence in cancer patients [3].
The underlying causality of VTE risk has been considered to lie
in renal loss of albumin in nephrotic syndrome [4] or albumin
decrease caused by inflammatory processes [5]. However,
cancer patients are a special population with an inherently
high risk of VTE, warranting a detailed investigation of the

association between albumin levels and VTE occurrence. A
decrease in serumalbumin in cancer patients has further been
recognized as an expression of the consuming nature of the
neoplasm and is associated with poor prognosis in cohorts of
different malignancies [6–9]. It is currently not clear whether
serum albumin is actively involved inmechanisms that lead to
the occurrence of VTE and death or whether the observed
association is a manifestation of underlying inflammatory
processes [5], a renal lossofalbumin inkidneydisease [4], oran
unknown process.

For the current investigation, we aimed to examine the
association of decreased serum albumin with increased risk of
VTE andmortality in a relatively large cohort of cancer patients
withawiderangeofmalignanciesandwhether it interactswith
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or is confounded by markers of inflammation and liver or
kidney disease.

PATIENTS AND METHODS

This investigation was performedwithin the framework of the
Vienna Cancer and Thrombosis Study (CATS), a prospective
observational cohort study conducted with approval of the
local ethics committee and in accordancewith theDeclaration
of Helsinki. Patients with active cancer, histologically con-
firmed malignancy, age of at least 18 years, willingness to
participate, and documented informed consent were eligible
for inclusion. Abreachof a single exclusion criterion resulted in
studyexclusion. Exclusion criteriawere (a) acute infectionwith
bacterial or viral pathogens within the preceding 2 weeks, (b)
continuous anticoagulation therapy during the observation
time, (c) chemotherapy within the last 2 months, (d) radiation
therapyor surgerywithin the last 2weeks, or (e) VTEor arterial
thromboembolism within the last 3 months. There were no
restrictions on the use short-term anticoagulation treatment
during hospital stays or antiplatelet agents. Upon study
inclusion, a clinical investigator took the patient’s medical
history and sampled venous blood. Serum albumin concen-
trationwas assayed fromvenous blood taken at studybaseline
by the bromocresol green method with an accredited routine
process, along with serum creatinine, leukocyte count, and
cholinesterase level.

Patients receivedmail questionnaires approximately every
3 months over a maximum period of 2 years regarding the
occurrenceofVTEevents.ThetimetooccurrenceofVTEevents
was the primary endpoint of the study. An independent
committee of medical experts adjudicated all VTE events,
based on objective imaging evidence. Of the total study
population of 1,636 patients enrolled between October 2003
andMay 2011, for the current investigation we had to exclude
202 patients who did not meet inclusion criteria after
reevaluation and 364 patients because albumin levels were
unavailable.

Statistical Analysis
We describe all continuous variables using medians and
25th–75th percentiles, and all categorical variables using
absolute and relative frequencies. The correlation between
continuous variables was assessed by the Spearman correla-
tion coefficient.Wecalculated themedian follow-up timewith
the reverse Kaplan–Meiermethod according to Schemper and
Smith [10]. Albumin concentration, as the variable of interest,
was analyzed continuously, grouped into quartiles, and with a
cutoff at the 75th percentile.

The risk for occurrence of VTE was calculated in the
proportional subdistribution hazard regression model accord-
ing to Fine and Gray [11] with respect to competing risk of
death from any cause and adjusted for categories of cancer
sites with recognized risk of VTE, estimated glomerular
filtration rate (eGFR) (CKD-EPI equation), leukocyte count,
and cholinesterase level. According to the Khorana score [1],
brain, pancreas, and stomach cancers were defined as having
very high risk of VTE; lung, kidney, and genitourinary cancers
and myeloma and lymphoma as high risk of VTE; and breast,
colon,prostate,andallother includedcancersas lowriskofVTE
(brain and renal cancers were not included in the initial

Khorana score publication). The 29 patients with the highest
leukocyte counts (.453 103 g/L), all of whom had leukemia,
were excluded from themultivariable subdistribution hazards
models. Cumulative incidence functionsof the cohort grouped
into patients with high and low serum albumin levels were
compared using Gray’s test.

Multivariable Cox regression analysis was applied to
calculate the association between albumin and risk of
mortality, adjusted for cancer site, eGFR, leukocyte count, and
cholinesterase level. The cumulative probability of death was
assessed using the Kaplan–Meier method comparing low and
high serum albumin. Interaction terms were created for the
product of albumin with eGFR, leukocyte count, and
cholinesterase and were considered to be significant if the
interaction resulted in a statistically significant change of the
hazard ratio with p, .05 in the multivariable models for VTE
occurrenceandmortality, respectively.Asasensitivityanalysis,
we modeled the risk of VTE occurrence in competing risk
regression with the covariates serum albumin, age, body
mass index (BMI), gender, cholinesterase, eGFR, cancer site
and C-reactive protein (CRP) levels.We performed competing
risk calculations with STATA (Windows version 13.0, Stata
Corp., Houston, TX, http://www.stata.com) and further
calculations with SPSS (Windows Version 22.0; IBM Corp.,
Armonk, NY, http://www.ibm.com).

RESULTS

Population
The current investigation included 1,070 patients, with a
median observation time of 723 days (25th–75th percentile,
244–731). The study cohort had a median age of 62 years
(53–68) and a median BMI of 25.2 kg/m2 (22.4–28.3) and
included 440 women (41.1%). All patients had a confirmed
diagnosis of active cancer; 764 (71.4%) were newly diagnosed
cancers and306 (28.6%)were cancer progressions after partial
or complete remission. The frequency of patients and
respective cancer sites are reported in Table 1.

Serum albumin had a median level of 41.3 g/L (37.6–44.2)
in the full cohort.Women andmen hadmedian albumin levels
of 41.2 g/L (37.9–44.1) and 41.3 g/L (37.5–44.3), respectively.
The highest median albumin level was found in patients with
breast cancer (44.0 g/L [41.0–46.2]), and the lowest median
albumin levels were found in colon cancer (39.0 g/L
[34.9–42.0]), gastric cancer (39.3 g/L [33.9–43.4]), and
pancreatic cancer (39.3 g/L [36.1–41.8]). The median albumin
level in patients with newly diagnosed cancer was 40.7 g/L
(37.2–43.9) and 42.2 g/L (38.6–44.7) in patients with progres-
sion of disease at time of study inclusion. Albumin level was
weakly correlatedwith age (correlation coefficient20.23,p,
.001), BMI (0.098, p 5 .001), eGFR (20.07, p 5 .021), and
leukocyte count (0.072, p5 .019) and moderately correlated
with cholinesterase level (0.606, p, .001).

Risk of Venous Thromboembolism
Ninety VTE events (8.4%) occurred during the observation
period. The cumulative probabilities of VTE occurrence were
6.2% (95%CI 4.9%–7.8%) at 6months, 7.6% (6.1%–9.3%) at 12
months, and 8.5% (6.9%–10.2%) at 24 months.
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In the univariate subdistribution hazards model with
competing risk of death, an albumin level below the 75th
percentile (,44.2 g/L) was significantly associated with
increased risk of VTE occurrence (subdistribution hazard ratio
[SHR] 2.05, 95% confidence interval [CI] 1.14–3.69) compared
with patients with albumin levels above the 75th percentile
(Table 2). Per 1-g/L increase in albumin, the risk of VTE
decreased by 3.7% (SHR 0.96, 95% CI 0.94–0.99). Compared
with patients in the highestquartile of albumin levels, patients

with albumin levels in the second highest quartile had a SHRof
1.9 (95% CI 0.98–3.76) for occurrence of VTE. Patients in the
third and fourthhighestquartiles of albumin levels hadSHRsof
2.2 (95% CI 1.13–4.21) and 2.1 (CI 1.06–4.01), respectively,
compared with the highest quartile (Table 2).

In the multivariable competing risk model adjusted for
cancer site risk category, eGFR, cholinesterase, and leukocyte
count, patients with decreased serum albumin levels below
the 75th percentile (,44.2 g/L) were at 2.2-fold increased

Table 1. Study population and baseline patient characteristics

Characteristic Full cohort Patients with VTE Patients who died

n 1,070 90 396

Female 440 (41.1) 32 (35.6) 159 (40.2)

Age, years 62 (53–68) 62.5 (52–68) 63 (55.25–70)

BMI, kg/m2 25.25 (22.39–28.34) 25.32 (22.96–28.04) 24.22 (21.55–27.68)

Primary cancer site

Brain 137 (12.80) 22 (24.4) 60 (15.2)

Breast 112 (10.47) 3 (3.3) 27 (6.8)

Lung 153 (14.30) 11 (12.2) 104 (26.3)

Stomach 48 (4.49) 8 (8.9) 32 (8.1)

Colon 117 (10.93) 11 (12.2) 37 (9.3)

Pancreas 64 (5.98) 12 (13.3) 45 (11.4)

Kidney 37 (3.46) 2 (2.2) 8 (2.0)

Prostate 114 (10.65) 3 (3.3) 21 (5.3)

Multiple myeloma 30 (2.80) 2 (2.2) 2 (0.5)

Lymphoma 205 (19.16) 12 (13.3) 33 (8.3)

Other malignancy 53 (4.95) 4 (4.4) 27 (6.8)

Serum albumin, g/L 41.25 (37.60–44.20) 39.85 (36.38–43.03) 39.2 (36.1–42.28)

eGFR, mL/minute per 1.73 m2 80.37 (66.42–95.04) 85.14 (66.57–97.96) 79.74 (63.88–95.41)

Cholinesterase, kU/L 6.75 (5.39–8.05) 6.06 (5.12–7.49) 5.98 (4.93–7.24)

Leukocyte count,3 103/L 7.36 (5.64–9.68) 7.69 (6.08–10.71) 7.84 (6.14–10.40)

Values are expressed as n (%) or median (25th–75th percentile).
Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtration rate; VTE, venous thromboembolism.

Table 2. Risk of VTE occurrence calculated in univariate andmultivariable SHRmodels of risk for VTE occurrence with competing

risk of death.

Parameter Univariate SHR (95% CI) p value Multivariable SHR (95% CI) p value

Albumin, g/L

Per 1-g/L increase 0.96 (0.94–0.99) .015 0.96 (0.92–1.00) .080

,44.2 versus$44.2 2.05 (1.14–3.69) .016 2.17 (1.09–4.32) .027

Quartile 4 ($44.2) 1 1

Quartile 3 (44.2–41.3) 1.92 (0.98-3.76) .058 2.01 (0.88–4.58) .098

Quartile 2 (41.2–37.6) 2.18 (1.13–4.21) .020 2.19 (1.04–4.60) .038

Quartile 1 (,37.5) 2.06 (1.06–4.01) .034 2.20 (1.05–4.60) .036

Primary cancer site

Low VTE risk 1 1

High VTE risk 1.14 (0.64–2.04) .656 1.19 (0.66–2.13) .566

Very high VTE risk 3.26 (1.91–5.56) ,.001 3.07 (1.76–5.35) ,.001

Cholinesterase per kU/L increase 1.03 (0.97–1.08) .341 1.03 (0.88–1.20) .741

eGFR per mL/minute per 1.73 m2 increase 1.01 (1.00–1.01) .237 1.00 (0.99-1.01) .906

Leukocyte count per 1,000/L increase 1.07 (1.01–1.14) .026 1.05 (1.00–1.09) .028

Abbreviations:BMI,bodymass index;eGFR,estimatedglomerular filtrationrate; SHR, subdistributionhazardregression;VTE,venousthromboembolism.
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risk of VTE occurrence (SHR 2.17, 95% CI 1.09–4.32) (Table 2;
Fig. 1). Patients with serum levels in the third and fourth
highest quartiles had SHRs of 2.19 (p 5 .038, 95% CI
1.04–4.60) and 2.20 (p5 .036, 95% CI 1.05–4.60) compared
with those with the highest serum albumin (Table 2).
Interactions in the risk of VTE occurrence between albumin
levels and eGFR, cholinesterase, and leukocyte count were
ruled out with the interaction terms SHR 0.999 (p 5 .511),
0.992 (p 5 .445), and 1.004 (p 5 .445), respectively. In the
sensitivity analysis, the risk of VTE occurrence, with
borderline significance, remained associated with albumin
levels below the 75th percentile (,44.2 g/L) in themultivari-
able competing risk regression model (SHR 2.04, 95% CI
0.96–4.33, p5 .064).

Risk of Mortality
Death was observed in 396 patients (37.0%) during follow-up.
The cumulative probabilities of mortality occurrence were
11.4% (9.4%–13.4%) at 6 months, 23.0% (20.5%–25.5%) at 12
months, and 39.5% (36.4%–42.6%) at 24 months.

In the univariate Cox proportional hazardsmodel, patients
with albumin levels below the 75th percentile were at
threefold (95%CI 2.28–4.15) increased riskofdeath compared
with patients above 75th percentile (Table 3). In themultivari-
ablemodel adjusted for cancer site, eGFR, cholinesterase, and
leukocyte count, the risk of mortality in patients with albumin
belowthe75thpercentilewas reduced toahazard ratio (HR)of
2.3 (95% CI 1.69–3.20) compared with those with the highest
albumin levels (Table3;Fig.2).Divided intoquartiles, theriskof
mortality increased stepwise, from an HR of 1.80 (1.23–2.62)
for patients in the second highest quartile, to 2.60 (1.80–3.76)
in the third highest quartile, and to 3.16 (2.13–4.69) in the
lowest quartile of albumin levels compared with the highest
quartile of albumin level (Table 3). Interactions on the risk of
mortality between albumin levels and eGFR, cholinesterase
levels, and leukocyte countwere ruledoutwith the interaction
terms HR 1.00 (p5 .14), HR 0.99 (p5 .06), and HR 1.00 (p5
.46), respectively.

DISCUSSION

In our investigation, we were able to show that patients with
cancer and a lower serum albumin level were at increased risk
of VTE occurrence and mortality compared with cancer
patients with high serum albumin. Even the slight decrement
of serum albumin below 44.2 g/L was independently
associatedwithanapproximately twofold increased riskofVTE
compared with serum albumin level .44.2 g/L. Beyond a
dichotomous cutoff at the 75th percentile (44.2 g/L), we were
also able to show that the risk of VTE increased continuously
with decreasing levels of serum albumin.

Previously, Shahetal. approachedtheassociationbetween
albuminandVTEoccurrence in cancerpatientsbyemphasizing
thatalbumin levels.40g/L in cancer patientswere associated
with a 39% cumulative risk reduction in VTE risk (HR 0.61, 95%
CI 0.39–0.94) [3]. Instead, we chose to look at VTE as a
preventable event by identifying patients at high risk of VTE
who could benefit from prophylactic anticoagulation treat-
ment [12].

We were also able to confirm the association of albumin
and mortality in cancer patients. Previous studies have
established reduced serum albumin as a marker of poor
prognosis in cancer patients [6, 7, 9, 13–15] and also of a
patient’scapacity toendureaggressivecancer therapy[16,17].
A reduced albumin level has previously been attributed to the
consuming nature of the cancer [3, 7]. However, in our cohort,
serum albumin levels were not significantly lower in those
patients with progressive disease after complete or partial
remission at the time of study inclusion than in those with
newly diagnosed cancer. Serum albumin was, however, the
lowest in pancreatic cancers, which have among the worst
prognosis.Weadjusted for categories of cancer sites according
to their VTE risk in our multivariable risk models for both VTE
occurrence and mortality and ruled out cancer site as a
confounder.

In the general noncancer population, a decreased serum
albumin level is also associated with the occurrence of VTE. In
theprospectiveReasons forGeographic andRacial Differences
in Stroke (REGARDS) study, a 25% (95%CI1.06–1.48) increased
risk of VTE was found for every standard deviation drop in
serum albumin [5].The authors reconfirmed previous findings
that the drop in serum albumin is attributed to a hypercoag-
ulable or low-level inflammatory state, which might be the
underlying cause of VTE risk [2, 5]. We therefore examined
whether the association between albumin level and the riskof
VTEoccurrence inourcohortwasconfoundedby the leukocyte
countasamarkerof inflammation.Although leukocytecount is
also a risk factor for VTE occurrence in our cohort, its inclusion
in the multivariable model did not diminish the association of
albumin level and VTE occurrence. In a previous investigation
in a subset of solid tumor patients of the CATS cohort, Kanz
etal. showedthat theVTE risk increasedby20%(HR1.2, 95%CI
1.0–3.8, p5 .037) per double increase in CRP levels [18].We
substituted leukocyte counts for CRP levels in the sensitivity
analysis of this investigation and obtained similar results. The
exclusion criteria in our study ensured that acute bacterial or
viral infections did not influence albumin levels. The associa-
tionof albuminwithVTEoccurrence remained independent of
leukocyte count and was unmodified by an interaction.

Figure 1. Cumulative incidence of venous thromboembolism
(VTE) and Gray’s test.We compared the cumulative incidence of
VTE in patients with a serum albumin level below the 75th
percentile with that of patients above the 75th percentile.

Abbreviation: Alb, serum albumin.
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As there is no perceivable direct causal relationship
between albumin level and VTE occurrence or mortality, we
consideredfurtherpotential confoundersand interactions.We
were able to show that the association is not confounded by
kidney function, as assessed by eGFR. We were not able to
prove that decreased serum albumin was caused by impaired
kidney function in this cohort of cancer patients. Although no
relevant correlation of serum albumin with renal function,
assessed by eGFR, was found (correlation coefficient20.07,
p5 .021), a considerable urinary loss of albumin cannot be
excluded, because albuminuriamay not correlatewith eGFR,
and microalbuminuria is common in cancer patients [19].
Patients with severe kidney failure in Kidney Disease:

Improving Global Outcomes stage 4 and 5with eGFR,30mL/
minute per 1.73 m2 were also not present in this cohort. In a
previous investigation, we were able to show that kidney
function itself is not associated with occurrence of VTE in
cancer patients [20]. Further, therewas nomodification of VTE
riskormortality riskcausedbyan interactionbetweeneGFRand
albumin.We further investigatedwhether the liver’s capacity to
synthesize proteins was a confounder in our analysis. The
association between serum albumin and VTE occurrence was
independent of cholinesterase levels as a measure of liver
synthesis capacity within the range of cholinesterase levels of
the cohort, which did not include patients with severe liver
failure.We also found that there was no increase in VTE risk in
patientswithboth reducedalbuminandcholinesterase levels in
the interactionanalysis. Admittedly, liver synthesis capacitywas
notsignificantly reducedoverall; therefore,our findingsmaynot
apply to patients with severe liver failure.

CONCLUSION
Although we cannot establish a causal relationship between
albumin levels and VTE occurrence in this study design, we
were able to show that reduced serum albumin levels are
associated with increased risk of VTE independently from
kidney function, inflammatory markers, and liver synthesis
capacity. Reduced serum albumin is further associated with
less favorable prognosis in cancer patients. Serum albumin
may therefore be considered as a marker for VTE risk and
mortality in cancer patients.
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