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Abstract The risk of venous thromboembolism is
increased in patients with lymphoma and leukemia; how-
ever, little is known about the potential underlying heredi-
tary or acquired thrombophilia. We prospectively analyzed
procoagulant markers and gene mutations in patients with
lymphoma (rn = 35) and leukemia (n = 10) at diagnosis and
over the course of treatment. Global coagulation tests were
normal in all patients, as were antithrombin and protein S.
Activated protein C resistance caused by the factor V Lei-
den mutation was found in four patients, one patient had
the G20210A mutation of the prothrombin gene, and one
patient had protein C deficiency. The most striking findings
were sustained very high levels of factor VIII (>150 %) in
30 patients (68 %), which correlated with high von Wille-
brand factor. An acute phase response in these patients was
ruled out by absence of fever and normal IL-6 and -a. Ele-
vated factor VIII is an independent thrombophilic risk fac-
tor and may play an etiologic role in thromboembolic com-
plications in patients with malignant lymphoma. Since high
von Willebrand factor is most likely caused by endothelial
cell injury, an additional, unknown pathophysiological
association with malignant lymphoma and acute leukemia
is possible.
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Introduction

Cancer is associated with an increased risk for venous
thromboembolism [1, 2] and patients with venous throm-
boembolism carry an excess risk of cancer [3, 4]. Addition-
ally, prognosis of cancer associated with venous thrombo-
embolism is particularly poor [5]. Recent investigations
in our institution found thromboembolic events in 8 % of
1038 patients with aggressive and indolent non-Hodgkin’s
lymphoma and Hodgkin’s disease [6] and in 12 % of 455
patients with acute leukemia [7]. Endothelial cell activa-
tion by either malignancy or chemotherapy, procoagulatory
cytokines as well as platelet activation and hereditary and
acquired thrombophilic factors have been implicated in the
pathogenesis of thromboembolism in patients with malig-
nant disease [2]. Data on patients with hematologic malig-
nancies such as malignant lymphoma or acute leukemia is
very limited to date and rather refers to coagulation activa-
tion markers with special focus on DIC than to hereditary
or acquired thrombophilia. On the other hand, understand-
ing of laboratory analysis and definition of new procoagu-
lant factors such as high factor VIII activity and gene muta-
tions has greatly increased in the past years. Therefore, we
initiated this prospective study on congenital and acquired
prothrombotic disorders in patients with malignant hemato-
logic diseases.

Patients, materials and methods

45 consecutive patients with acute leukemia and malig-
nant lymphoma regardless of age and without prior venous
thromboembolism treated at Magdeburg university Hos-
pital in 2004 and 2005 were included in this study after
confirmation of diagnosis. Patients with paraproteinemia
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Table 1 Coagulation parameters: median and range

Normal Median Range
Antithrombin (%) >80 91 56-121
Protein C (%) >70 94 22-150
Protein S (%) >70 100 45-210
Free protein S (%) >70 80 30-144
Factor XII (%) >70 87.5 30-158
ACL (u/1) <40 20.00 9-328
Fibrinogen (g/dl) 1.54.0 4.1 2.03-7.63
F1 + 2 (nmol/l) <1.40 1.61 0.70-14.4
D-dimers (g/dl) <0.4 0.86 0.2-4.95
VIII:C (%) 70-130 150 65-400
VWF:Ag (%) 70-130 321 117-718
VWEF:CB 70-130 199 108-280

(multiple myeloma or immunocytoma) or promyelocytic
leukemia, disease entities with supposedly distinct hemo-
static abnormalities were excluded.

Citrated blood was collected at routine checkups before,
and within 7 days after chemotherapy and at 2 additional
time points, 3 weeks—3 months later before additional
chemotherapy courses. Oral patient’s consent was obtained
before blood was taken as recommended by the local eth-
ics committee. Global coagulation tests such as activated
partial thrombin time (aPTT), prothrombin time, thrombin
time, fibrinogen, antithrombin as well as p-dimers were
performed immediately. Citrated blood was centrifuged
at 1500g for 10 min and either used for analysis of global
coagulation tests or centrifuged for another 20 min at 2500g
and then stored at —80 °C until further use. In 6 patients
with indolent lymphoma no therapy was started and base-
line laboratory data was obtained only. In 30 patients labo-
ratory testing was done at at least 3 distinct time points.

Reagents used for analysis of coagulation param-
eters are listed below. All tests were performed follow-
ing the manufacturer's instructions: Prothrombin time
(Dade® Innovin®), prothrombin fragment 1 + 2 (F1 + 2)
(Enzygnost micro assay) both from Dade Behring (Mar-
burg, Germany); PTT (STA APTT KAOLIN, STA®),
thrombin Time (STA THROMBIN, STA®), antithrom-
bin III (STA Antithrombin III), D-dimer (STA Liatest®
D-DI) and von Willebrand factor (VWF) (STA Liatest®),
all from DIAGNOSTICA STAGO (Asnieres, France) for
Roche (Mannheim, Germany); Fibrinogen Reagent, pro-
tein S (EIDFIX® Protein S) and protein C (Technocrom
Protein C) all from Technoclone (Vienna, Austria); acti-
vated protein C resistance (COATEST® APC™ Resist-
ance and COATEST® APC™ Resistance V) from Chro-
mogenix (Milano, Italy); von Willebrand factor collagen
binding activity IMMUNOZYM VWF:CBA, Baxter AG,
Vienna, Austria). Coagulometric testing of factors VIII and
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XII was done with factor deficient plasma from Techno-
clone (Vienna, Austria) and the Platelin® LS PTT reagent
(Biomerieux, Durham, NC, USA). Anticardiolipin anti-
bodies (ACL) were measured with an enzyme immunoas-
say for the detection of IgG, IgM and IgA antibodies by
IMTEC (Immundiagnostika, Berlin, Germany). Screening
for lupus anticoagulants was done with the Mix Con LA
PTT reagent and the LAC Screen and LAC Confirm test,
all from Instrumentation Laboratory (Milano, Italy). PCRs
for detection of the factor V Leiden and the prothrombin
gene mutation were done with the Factor V Gene Mutation
Assay™ and the Prothrombin Gene Mutation Assay™ both
from Vienna Lab (Vienna, Austria). PCRs were performed
at baseline and D-dimer as well as VWF:Ag and VWF:CB
testing was done in the first 24 patients only. IL-6 and
TNF-a levels were determined with commercially available
ELISA (IL-6 and TNF-a enzyme immunoassay, Coulter
Beckham, Marseille, France).

Statistical analysis

Results of laboratory testing were collected in an elec-
tronic data base. Statistical analyses were done with SPSS
15.0. Correlation analysis was done using the Spearman
correlation rank test. Influence of gender on factor VIII
and VWF levels and comparison of patients with normal
controls were determined with the non-parametric Mann—
Whitney U test and comparison of VIII:C, VWF:Ag and
VWEF:CB at baseline and >1 year later was done using the
Wilcoxon matched pair signed rank test. Test results were
considered positive, if P < 0.050 and/or the correlation
coefficient >0.500.

Results

45 consecutive patients with acute leukemia and malignant
lymphoma, mean age 61 years, were included in this study
after confirmation of diagnosis. 20 patients had aggres-
sive NHL, 8 had indolent NHL, 6 had Hodgkin’s disease,
1 had primary CNS lymphoma and 10 had acute leukemia,
27 patients were male (60 %) and 18 were female (40 %).
Chemotherapy protocols used in this patient group included
CHO(E)P = rituximab, BEACOPP, cytarabine plus anthra-
cycline and DexaBEAM.

Because of the unexpected findings of very high fac-
tor VIII activity (VIII:C), von Willebrand factor antigen
(VWF:Ag) and von Willebrand factor collagen binding
activity (VWF:CB) levels testing of these 3 parameters was
repeated if possible at >1 year follow-up. 27 of the initial
45 patients were available for VIII:C testing after 1 year as
were 13 of the initial 24 patients in whom VWF testing had
been done.
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12 healthy hospital staff members served as a normal
control group for VIII:C, von VWF:Ag and von VWF:CB
testing in addition to the control plasma provided by the
manufacturer.

Heterozygous factor V Leiden was found in 4 patients
(9 %) and the prothrombin gene mutation in 1 patient (2 %)
and all patients with the former had activated protein C
resistance on coagulometric testing. One patient had pro-
tein C deficiency (protein C = 22 %) and one patient with
mantle cell lymphoma had elevated anticardiolipin antibod-
ies possibly related to the lymphoma—titers that decreased
from 328 to 96 u/ml during the further therapeutic course—
without detection of a lupus anticoagulant and no his-
tory of thromboembolic events. Protein S, free Protein S,
antithrombin and factor XII were normal in all 45 patients
during the entire study period.

Frequently increased parameters included fibrinogen
(51 % of analysis, median 4.1 g/dl), p-dimers (83 % of
analysis, median 0.86 g/dl) and F1 + 2 (64 % of analy-
sis, median 1.61 nmol/l), findings that are consistent with
activated coagulation. The most striking findings were
increased activity of coagulation factor VIII (VIII:C) and
VWF and VWF:CB: 31 of 45 patients (69 %) had high
VIIL:C (>150 %) at at least 1 time point with sustained ele-
vations (>2 time points) in 23 (51 %). VIII:C was very high
(=180 %) in 22 patients (49 %). VWF and VWF: CB were
constantly high in all 24 tested patients and most patients
(87 %) had strikingly high levels (=200 %) (Table 1).

High VIII:C correlated with VWF (Fig. 1) and VWF:CB,
but not with F1 + 2, fibrinogen or p-dimer or IL-6 and
TNF-a levels. No positive correlation of IL-6 or TNF-a
with F1 + 2 was detected, but fibrinogen was increased
if IL-6 was high (Table 2) and IL-6 and p-dimers showed
somewhat of a correlation (0.488) both findings explained
by local fibrin formation and lysis as common events dur-
ing inflammatory response.

Overall VIII:C (P = 0.002), but not VWF (P = 0.151)
was significantly higher in females, most likely due to
physiologically increased VIII:C in women due to hormo-
nal influence [8, 9] (Fig. 2): in 89 % of the female patients
VIII:C was >150 %, whereas only 55.5 % of the male
patients had VIII:C >150 %. Mean VIII:C (P = 0.004), and
VWF:CB (P = 0.007) were significantly higher at diag-
nosis than approximately 1 year thereafter, whereas mean
VWEF:Ag showed no significant difference (P = 0.137) at
both time points (Fig. 3). Mean VIII:C, VWF and VWF:CB
were significantly higher in lymphoma and leukemia
patients than in healthy controls (P < 0.001) (Fig. 4a—). 11
patients with APC resistance without the factor V Leiden
mutation had high (>150 %), whereas only 2 had normal
VIIL:C.

Table 2 Correlation analysis of selected parameters day 1 of study

VIL.C  VWF:Ag VWF.CBA IL-6 TNF-a
VIIL:C 1.000 0.842 0.855 0.035 0.007
VWF 0.842 1.000 0.924 0.287 0.245
VWEF:CBA 0.855 0.924 1.000 0.183 0.124
IL-6 0.350 0.287 0.183 1.000 0.030
TNF-a 0.007 0.245 0.124 0.030 1.000
p-Dimer 0.022 0.081 0.152 0488 —0.112
Fibrinogen 0.385 0.100 0.100 0533 —0.117
F1 +2 —-0.200 —0.184 —0.197 0.135 0.038

Two-sided correlation coefficient according to the Spearman correla-
tion rank test:: >0.5 = positive correlation (in bold letters) <0.5 = no
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Fig. 2 Median VIII:c: comparison of male and female patients
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Fig.3 Comparison of VIII:C, VWF:Ag and VWF:CB at diagnosis
(—=1) and >1 year later (—2)

Discussion

Increased fibrinogen, p-dimer and F1 + 2 levels are con-
sistent with subclinically activated coagulation as has been
observed in patients with malignancies before [10-13].
However, we failed to show an impact of chemotherapy or
decrease of tumor burden on these parameters during the

500

further clinical course and we found no impact on protein
C, protein S or antithrombin, findings that concur with pre-
viously published smaller studies cited above.

The aim of our study was to investigate a broader array
of procoagulant factors in patients with lymphoma and leu-
kemia including congenital thrombophilia such as the F
V Leiden and the prothrombin gene mutation. Prevalence
of inherited prothrombotic conditions was not higher than
expected in the normal population [14-17] and neither
antithrombin nor protein S deficiency was found. Highly
increased ACL in the absence of a lupus anticoagulant in
one patient with lymphoma were most likely associated
with the B cell malignancy and accordingly titers decreased
during successful therapy. The latter findings, however,
contrast with a previously published study that showed
increased ACL titers in 27 % of patients with NHL [18].

The most striking findings in our study were very high
sustained increases of VIII:C, VWF:Ag and VWF:CB in
the majority of tested patients, that were sustained even at
follow-up >1 year later but at a somewhat lower level and
VIII:C, VWF:Ag and VWF:CB were significantly higher in
patients than in normal controls. Factor VIII is a 300-kDa
molecule that is synthesized mainly in the liver [19, 20].
To escape from inactivation by activated protein C or other
proteases in the circulation factor VIII forms a tight non-
covalent complex with VWEFE. Since VWF regulates factor
VIII plasma levels, changes in VWF plasma levels are usu-
ally coupled with a concordant change in VIII:C [21, 22].

800
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Considering regulation of secretion and degradation of
factor VIII there are 3 possible explanations for high VIII:C
in patients with malignant hematologic disease:

1. Abnormalities of the factor VIII and VWF gene in
patients with leukemia and lymphoma: genetic abnor-
malities are very unlikely since the factor VIII and
VWEF genes are located on different chromosomes (X
chromosome and chromosome 12, respectively) and no
associated polymorphisms in the VWF and factor VIII
genes in thrombosis patients with high VIII:C were
found in an earlier investigation [23, 24]. Additionally,
Bowen et al. failed to identify a gain-of-function muta-
tion in the factor VIII binding domain of VWF that
could explain elevated VIII:C levels [25].

2. Increased synthesis of factor VIII and VWF either due
to synthesis by malignant cells or an acute phase reac-
tion in leukemia and lymphoma patients: There is no
evidence of factor VIII and VWF synthesis in leukemia
and lymphoma cells and factor VIII levels continued to
be elevated even in complete remission of the malig-
nancy. An acute phase reaction seems very unlikely,
since TNF-a and IL-6, initiators of acute phase reac-
tions were normal in all patients with high VIII:C and
these findings concur with earlier observations [26, 27].

3. Decreased clearance of factor VIII eventually also leads
to increased plasma VIII:C. Increased VWE, abnor-
mal affinity of VWF for factor VIII impeding its deg-
radation by proteolytic enzymes as well as decreased
hepatic clearance of factor VIII could be the underly-
ing cause. Since we found both, VWF:Ag as well as
VWE:CB to be very high in patients with hematologic
malignancies and highly correlating with VIII:C, a
causal relationship seems probable. This is backed by
the findings of Schambeck et al. who showed that more
factor VIII molecules per VWF multimer are bound in
thrombosis patients with high VIII:C [28] and another
group found that in patients with deep-vein thrombo-
sis high VIII:C correlated with VWF, but not with other
endothelial cell derived coagulation and/or fibrinolysis
markers [29].

Interestingly high VIII:C was associated with APC
resistance also in patients without the F V Leiden muta-
tion when tested without F V-deficient plasma. This obser-
vation has already been made previously [30] and can be
explained by the failure of APC to inactivate an abnormally
increased amount of F VIII. High VIII:C (>150 %) is a
known independent thrombophilic risk factor [31-34] and a

recently published study also found high VWF (>141 %) to
be a common and independent risk factor for venous throm-
boembolism [35]. However, in our prospectively analyzed
cohort of 45 patients with hematologic malignancies only
2 patients developed venous thromboembolism: one patient
had thrombosis of the inferior cava vein due to tumor com-
pression and the other patient had heterozygous protein C
resistance as an additional thrombophilic risk factor.

Very high levels of VWF and VIII:C have been observed
in patients with multiple myeloma recently and were most
likely associated with activity status [36].

An increasing amount of evidence has been gathered in
the past 15 years suggesting that angiogenesis and endothe-
lial cell activation play a major role in pathogenesis and pro-
gression of solid tumors and hematologic malignancies and
has been previously reviewed by several groups [37-39].
Bone marrow blood vessel density as well as increased con-
centrations of angiogenic factors such as VEGF had been
found in patients with a variety of malignancies. Hussong
et al. found evidence of increased angiogenesis in 20 patients
with AML in comparison to normal controls by looking at
bone marrow blood vessel density and VWF staining [40],
whereas a Norwegian group analyzed bone marrow blood
vessel density as well as a broader array of angiogenic fac-
tors in 93 patients with a variety of hematologic malignan-
cies such as AML, CLL, multiple myeloma and NHL and
found increased microvessel density as well as increased lev-
els of IL-6 and VEGF concluding that bone marrow angio-
genesis plays a role in pathogenesis and progression of these
diseases [41]. In a previously published study of 72 patients
with Waldenstrom macroglobulinemia (WM) surprisingly
very high VWF:Ag was found in 59 % of patients with no
correlation with plasma levels of VEGF, but an association
with shorter survival [42]. Originally this study had rather
aimed to look at acquired von Willebrand disease in WM, so
the results came very unexpectedly, similarly to our findings.

Although evidence is limited to date these studies suggest
that high VWF is caused by angiogenesis and thus may rather
be implicated in disease pathogenesis and progression than in
thrombogenesis. However, although recent work supports our
findings in patients with leukemia and lymphoma, we cannot
make definite conclusions about either the etiologic or prog-
nostic significance due to the heterogeneity of diseases in our
patients and the paucity of data so far. Yet our study under-
lines the importance of further investigations looking into the
role of FVIIL:C and VWF:Ag in a larger patient cohort.

We conclude that physiological inhibitors of coagulation
remain intact in patients with hematologic malignancies
and inherited prothrombotic states are not present more
often than would be expected in the normal population.
FVIII:C and VWF are substantially increased in patients
with malignant lymphoma and leukemia, findings that war-
rant further investigation.
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