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Abstract

Background: Little is known about the epidemiology of venous
thromboembolism in hospitalized patients in Israel. Also, a direct
comparison of the clinical and laboratory features between cancer
and non-cancer patients has not yet been reported.

Objectives: To investigate and compare the epidemiologic,
clinical and laboratory characteristics of cancer and non-cancer
patients hospitalized with venous thromboembolism in a large
referral medical center in Israel.

Methods: Between February 2002 and February 2003, patients
diagnosed at the Rambam Medical Center as suffering from VTE
(deep vein thrombosis and/or pulmonary embolism), based on
diagnostic findings on Doppler ultrasonography, spiral computed
tomography scan or lung scan showing high probability for pulmonary
embolism, were prospectively identified and evaluated. In addition,
at the conclusion of the study period, the reports of spiral chest
CT scans, performed during the aforementioned period in this
hospital, were retrospectively reviewed to minimize the number of
unidentified cases. Blood samples were drawn for evaluation of
the coagulation profile.

Results: Altogether, 147 patients were identified and 153 VTE
events diagnosed, accounting for 0.25% of all hospitalizations during
the study period. The cancer group included 63 patients (43%),
most of whom had advanced disease (63%). The most common
malignancies were cancer of the lung (16%), breast (14%), colon
(11%) and pancreas (10%). Of 122 DVT events (with or without
pulmonary embolism) there were 14 upper extremity thromboses
(12%). The most common risk factors for VTE, except malignancy,
were immobilization (33%), surgery/trauma (20%) and congestive
heart failure (17%). There was no difference in prevalence of various
risk factors between cancer and non-cancer patients. During an
acute VTE event, D-dimer levels were higher in cancer patients than
non-cancer patients (4.27 + 4.04 vs. 2.58 + 1.83 mg/L respectively,
P=0.055). Relatively low values of activated protein C sensitivity
ratio and normalized protein C activation time were observed in
both cancer and non-cancer groups (2.05 £ 0.23 vs. 2.01 + 0.33
and 0.75 + 0.17 vs. 0.71 + 0.22, respectively). These values did
not differ significantly between the groups.

Conclusion: The proportion of cancer patients among patients
suffering from VTE was high. Their demographic, clinical and laboratory
characteristics (during an acute event) were not different from those
of non-cancer patients, except for higher D-dimer levels.
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Venous thromboembolism is a common clinical disorder, carrying
considerable morbidity and mortality [1]. Its annual incidence
in the United States and Western Europe is 1.22/1000 [2] and
1.83/1000 (3], respectively. There are several well-known risk

factors for VTE, including surgery, immobilization, inherited
thrombophilia, and malignancy [3] which was first associated
with thrombotic tendency back in 1865 [4]. Many clinical stud-
ies have described the epidemiologic, demographic and clinical
characteristics of patients with VTE, including the impact and
frequency of different risk factors. However, there is a large vari-
ability in the reported data, depending on location, study design,
number of patients, etc. Moreover, only a few studies focused
on the general hospital population and none directly compared
cancer with non-cancer patients.

In the Worcester study [5], which was a large-scale retrospec-
tive registry, the incidence of VTE was 0.9%, but the proportion
of objective diagnoses was low. Other studies, which were also
retrospective, demonstrated that the incidence of deep vein
thrombosis in general hospitals worldwide ranges between 0.1
and 0.78% [6-8], while that of pulmonary embolism is lower
and ranges from 0.27 to 0.4% [9-11]. The percentage of cancer
patients also varies widely — from 10.7% [12] to 32% [13], with
most studies reporting 15-25% [1,14,15] — as does the prevalence
and distribution of other risk factors. On the other hand, the
proportion of patients with idiopathic VTE falls into the range
of 19% [16] to 47% [17], depending largely on the definition of
idiopathic versus secondary VTE and the timing of the studies
in relation to the era of recently characterized and most com-
mon thrombophilic disorders such as factor V Leiden mutation,
activated protein C resistance and prothrombin 20210A mutation
[12,17,18]. Laboratory tests to reveal these abnormalities are
now widely available and are usually performed several months
after an acute event to avoid possible influences by coagulation
imbalance and anticoagulant drugs. In fact, virtually no studies
have investigated coagulation markers in patients during an acute
venous thromboembolic event, except D-dimer which now has an
important place in the workup of suspected VTE cases [19].

In order to investigate and compare the epidemiologic, clinical
and laboratory characteristics of cancer and non-cancer patients
suffering from VTE in a large referral medical center in Israel, we
conducted a prospective clinical study of all patients diagnosed
objectively as having acute venous thromboembolism during a
| year period.

DVT = deep vein thrombosis
VTE = venous thromboembolism
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Patients and Methods

Patients

Between February 2002 and February 2003, all patients diag-
nosed at the Rambam Medical Center as suffering from a
venous thromboembolic event (deep vein thrombosis and/or
pulmonary embolism), based on diagnostic findings on Doppler
ultrasonography, high probability pulmonary scan or diagnostic
spiral computed tomography scan for pulmonary embolism, were
prospectively enrolled and evaluated. Patients were identified
by ongoing records from corresponding imaging units of the
hospital: ultrasonography unit, CT clinic and nuclear medicine
department. In addition, spiral chest CT reports performed during
that 1 year period were retrospectively investigated for missed
cases of pulmonary embolism. All patients, except for those
identified during a retrospective investigation of CT reports, were
personally interviewed by one of the investigators according to a
standard questionnaire that had been prepared before the begin-
ning of the study; their medical records were also reviewed. Data
from the remaining patients were collected from medical records
only.

All patients hospitalized with a diagnosis of acute thrombo-
embolic event were eligible for the study. Blood samples were
drawn for laboratory analysis of coagulation profile upon patient
approval, including written informed consent. The study was ap-
proved by the institutional ethics committee.

Imaging

The diagnosis of DVT was established using the Doppler ultra-
sound technique with an ALT 5000 US device (Philips, Advanced
Technology Laboratories, Bothell, WA, USA). The following veins
were examined by high frequency linear transducer (5-12 MHz):
common and superficial femoral veins, popliteal vein and pos-
terior tibial vein. The veins were examined with and without
compression maneuver, and color and spectral Doppler were also
applied. DVT was diagnosed if the vein was non-compressible
and blood flow compromised.

A high probability lung scan for pulmonary embolism was
defined when ventilation-perfusion mismatch was observed in two
or more of the lung segments. Diagnosis of PE by spiral chest CT
was based on direct visualization of a thrombus in one or more
of the pulmonary arteries.

Laboratory methods

Blood samples were collected by venipuncture into 3.2% citrate
tubes. Prothrombin time, activated partial thromboplastin time,
fibrinogen, D-dimer, activated protein C sensitivity ratio and
protein C global assay were performed on fresh platelet-poor
plasma, prepared by centrifugation at 2000 g for 15 minutes.
All the assays were measured on the STA-R analyz®, Innovin®
(Dade Behring, Marburg GmbH, Germany) for PT assay, STA-
PTT®, STA-FIBRINOGEN and STA-LIATEST® D-DI kits for

PE = pulmonary embolism
PT = prothrombin
PTT = partial thromboplastin time

PTT, fibrinogen and D-dimer assays, respectively (Diagnostica
STAGO).

APC-SR was determined by the addition of activated protein
C to activated PTT assay with a 1.5 factor V deficient plasma
dilution, using a Coatest APC resistance kit (Chromogenix AB,
Molendal, Sweden).

Global protein C assay was performed by ProC®Global kit
(Dade Behring). The protein C activation time was measured
either with Protac® (protein C activator) or buffer (to determine
PCAT-0). Results were expressed as PCAT normalized ratio cal-
culated by dividing the PCAT ratio (PCAT / PCAT-O) of patient’s
plasma by a PCAT ratio of lyophilized standard human plasma
(ORKL, Dade Behring) and multiplying by a lot-specific sensitivity
value defined by the manufacturer for each batch of standard
plasma.

Normal values for PT-INR, APTT and fibrinogen were calculated
from the mean values in 25 healthy volunteers + standard de-
viations in accordance with the manufacturer's’ recommendation
and were found to be 0.75-1.3, 30-42 sec and 160-400 mg/dl,
respectively.

For the D-dimer assay, normal values were considered bel-
low the cutoff level of 0.5 mg/L and for APC-SR and PCAT-NR;
levels higher than 2.0 and 0.8, respectively, were referred to as
normal.

Statistical analysis

Continuous variables were compared by means of the t-test,
whereas categorical variables were compared by means of the
chi-square test. Statistical significance was determined if P was
<0.05.

Results

Altogether, 147 patients were identified (79 men and 68 women)
and 153 acute thrombotic episodes were diagnosed during the
study period, i.e., there were 6 in-study recurrent VTE episodes.
Of the 147 patients, 132 were identified prospectively and the
other 15 (10%) retrospectively (after reviewing spiral chest CT
reports). Considering the number of hospitalizations in 2002,
which closely corresponds to the study period, the incidence of
VTE during the study period was 0.25% of all hospitalizations.
(There were 60,009 hospitalizations in Rambam Medical Center
in 2002, excluding newborns and hospitalizations in the neonatal
intensive care unit and the psychiatric, pediatric and pediatric
surgery wards). Of the 153 VTE episodes, 101 (65%) were DVT,
of which 14 (12%) involved upper extremities; 31 (20%) were PE,
including 3 massive events, and 21 were combined (DVT and
PE).

The demographic and clinical characteristics of the patients
are summarized in Table 1. The age range was 18-89 years. Sixty-
three patients (43%) had cancer; 25 (17%) non-cancer and 13
(9%) cancer patients had recurrent VTE. The most common risk

APC-SR = activated protein C sensitivity ratio
PCAT = protein C activation time
PCAT-NR = PCAT normalized ratio
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Table 1. Demographic characteristics of the patients and distribution by
type of VTE

Cancer Non-cancer
patients patients All patients
(n=63) (n=84) (n=147)
Age (mean) 14+ 64 20+ 67
Gender (M/F) 3231 47/37 79/68
WHO performance status
0-1(%) 37 49 44
PS 2(%) 19 18 19
PS 3(%) 34 20 26
PS 4(%) 10 13 12
Type of VTE No. of No. of No. of
episodes episodes episodes (%)
DVT only 49 52 101 (65%)
PE only 9 22 31 (20%)
DVT+PE 8 13 21 (15%)
Total 66 87 153
Table 2. Distribution of risk factors
Cancer- Non-cancer-
associated associated
episodes episodes All episodes
(n=66) (n=87) (n=153)
No. (%) No. (%) %
Family history of VTE 2(3) (7)6 5
Known inherited thrombophilia* 1(2) 8)7 5
Surgery/trauma 13 (21) (19) 16 20
Immobilization 24 (38) (29) 24 33
Neurologic disorder** 6(10) (119 10
Congestive heart failure 9(14) (19) 16 17
Pregnancy/puerperium 1(2) (1 1
Hormone replacement therapy/Tamoxifen 4 (6) 0 3
Inflammatory bowel disease 0 (2)2 ]
Central venous catheter 10 (16) (119 13
Anticoagulants before event 10 (16) (14) 12 15
No risk factors 22 (30) ) 3237)

*  Heterozygous prothrombin mutation, homo/heterozygous factor V Leiden mutation,
homo/heterozygous MTHFR mutation
**  Neurologic disorder with extremity weakness or paralysis.

factors for VTE, except malignancy, were immobilization (33%),
surgery/trauma (20%) and congestive heart failure (17%) [Table
2]. Known inherited thrombophilia and family history were more
common among non-cancer patients (13 vs. 3 patients), but this
difference was not statistically significant. Likewise, there was no
difference in prevalence of all other risk factors between cancer
and non-cancer patients. Of the 87 non-cancer episodes, 32 (37%)
were idiopathic, i.e., none of the risk factors listed in Table 2
were noted.

Cancers of the lung, breast, colon and pancreas were the most
common malignancies (16%, 14%, 11% and 10%, respectively).
Most patients (63%) had advanced disease (stage Il and 1V)

Table 3. Cancer patients group

No. of patients (%)

Type of malignancy

Lung cancer 10 (16)
Breast cancer 9(14)
Colon cancer 7(11)
Pancreatic cancer 6(10)
Bladder cancer 5
Primary brain tumor 5
Gynecologic cancer 4
Gastric and esophageal cancer 4
Other* 13
Total 63
Extent of disease

Limited 23 (37)
Advanced** 40 (63)
Chemotherapy in previous 6 months

Yes 24 (38)
No 39 (62)

*  Other: primitive neuroendocrine tumor, chondroblastic
osteosarcoma, non-Hodgkin's lymphoma, cancer of
prostate, laryngeal cancer, cancer of parotis, melanoma,
unknown primary with liver metastases, basal cell
carcinoma, acute myeloid leukemia and multiple myeloma

**  Stage [lI-IV.

Table 4. Laboratory findings (mean values)

Cancer patients Non-cancer patients P

PT-INR 1.49+£0.77 1.56 £0.96 0.70
PTT (sec) 493+ 171 455+ 177 031
Fibrinogen (mg/dl) 450 £ 156 451 £138 0.97
D-dimer (mg/L) 427+ 4.04 258+ 1.83 0.055
APC-SR 2054023 201+033 0.44
PCAT-NR 0.75+0.17 0.71+£0.22 0.40

APC-SR = activated protein C sensitivity ratio, PCAT-NR = protein C activation time
normalized ratio.

and 38% of cancer patients had received chemotherapy in the
preceding 6 months [Table 3]. No risk factors were noted in
22 cancer-associated VTE episodes [Table 2|, of which 13 were
associated with chemotherapy in the preceding 6 months, leaving
only 9 cases with malignancy as a sole risk factor for VTE.

Of the 132 patients identified prospectively, 92 blood samples
(70%) were available for investigation of the coagulation profile
(36 and 56 in cancer and non-cancer groups, respectively).
Blood samples were drawn between the first and fifth day after
a diagnosis had been established. Mean values for different
coagulation parameters are shown in Table 4. The mean D-dimer
level was 4.27 + 4.04 mg/L in the cancer group compared to
2.58 + 1.83 mg/L in the non-cancer group (P = 0.055) (borderline
significance). Two patients from each group had D-dimer levels
lower than the cutoff (0.5 mg/L) (false negative)
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Discussion

This prospective study provides a wide range of data on the epi-
demiologic, clinical and laboratory characteristics of VTE patients
in a large referral medical center in Israel, with emphasis on the
comparison between cancer and non-cancer patients.

The incidence of venous thromboembolic disease, based on
the objective diagnosis only, provides a perspective on the fre-
quency of this disorder in clinical practice in our region in recent
years. We found that the estimated incidence of VTE in our facil-
ity (Rambam) was 0.25% of all hospitalizations, which is lower
than reported from some medical centers in western countries.
For example, in the Worcester study [5], which retrospectively
reviewed all VTE cases in 16 hospitals diagnosed during an 18
month period (1985-86), the incidence of VTE was 0.9%, but the
percentage of obijective diagnoses was low, 84% for DVT and 54%
for PE. More recent studies by Stein et al. [8,11] investigated the
incidence of DVT and PE separately in a single medium-sized
hospital and demonstrated corresponding rates of 0.78% and
0.27%. The percentage of objective diagnoses was much higher in
these studies — almost 100% for DVT and 84% for PE. Therefore,
a possible explanation for the relatively low incidence detected in
the current study is that objective confirmation of diagnosis, and
not only discharge diagnosis of VTE, was required.

We found that the percentage of cancer patients among all
VTE patients was very high (43%), in fact one of the highest
reported [5,13,14]. In a large multicenter prospective registry in
the U.S. [13], which included 5451 DVT episodes with no exclu-
sion criteria defined, as in our study, 32% of patients had cancer.
In another multicenter international study known as ICOPER [16],
which prospectively investigated pulmonary embolism cases,
22.5% of the patients had cancer. A possible explanation for the
relatively high proportion of cancer-associated VTE in our study
is the existence of large oncologic and hemato-oncologic clinics
in this medical center, that serve a sizeable population living in
the northern part of the country. In addition, direct interviewing
could possibly have revealed more malignancies in the medical
histories of the patients, as is the case with new immigrants for
whom past medical records were not available.

A comparison between cancer and non-cancer patients in
their demographic (age, gender, performance status) and clinical
features, including the nature and number of risk factors for VTE,
revealed no significant difference between the two groups. To
date, no studies have focused on this kind of comparison.

The rate of idiopathic VTE episodes (32 of 84 non-cancer
cases, 37%) was consistent with other studies [13-17]. On the
other hand, the rate of spontaneous cancer-associated VTE - i.e.,
in the absence of any other risk factors including chemotherapy
and tamoxifen [20] — was fairly low (9 of 63 cases, 14%). This
finding is in contrast with the statement by Prandoni and col-
leagues [21] that most cancer-associated thrombotic episodes
are spontaneous.

For coagulation studies, blood samples were available from
two-thirds of the prospectively identified patients. We investigated
several coagulation parameters, including APC-SR and global
protein C, in an acute setting with most of the patients receiving

active anticoagulant treatment, often combined. Despite this, we
found that D-dimer levels were higher among cancer patients
(though with marginal significance), which is consistent with
other studies that demonstrated higher levels of this marker in
different malignant processes even without thrombosis [22].

Low APC-SR in both cancer and non-cancer patients with
acute thromboembolism (2.05 and 2.01, respectively) was not
surprising and is consistent with the findings by Haim et al.
(23] in their study in the same hospital. Although we did not
carry out testing for factor V Leiden mutation, considering its
prevalence among subjects with thromboembolism (10-20%)
[12,17,18], which is much lower among subjects with both
thromboembolism and cancer (23], it is reasonable to assume
that in most cases the protein C resistance was acquired. Several
mechanisms could explain low sensitivity to APC. First of all,
in any thrombotic process there is continuing consumption of
both procoagulant and anticoagulant factors, resulting in a state
of relative deficiency of these factors including those involved
in the protein C system. Secondly, anticoagulant medications
could influence this system in two ways: the heparins diminish
the generation of thrombin, while warfarin lowers protein C and
protein S levels. In addition, in cancer patients, tumor-derived
cytokines (such as tumor necrosis factor-alpha and interleukin-1
beta) induce the expression of tissue factor and down-regulate
the expression of thrombomodulin [21]. Also, increased levels
of coagulation factors V and VIII are potential mechanisms for
acquired APCR in cancer patients [24].

Neither sensitivity to APC nor normalized PCAT values in the
global protein C test differ between cancer and non-cancer pa-
tients, despite a seemingly more profound alteration of protein C
activity in cancer-associated VTE. However, Goldenberg et al. |25]
confirm this assumption by showing lower APC activity among
cancer patients, though their study excluded subjects with known
inherited thrombophilia, pregnancy, major surgery in the preced-
ing month, recent chemotherapy, and anticoagulant treatment.

In conclusion, in a large referral medical center, which in-
cludes a cancer-treating center, the proportion of cancer patients
among patients hospitalized with venous thromboembolism could
be higher than reported by most studies, whereas their clinical
features and most of the coagulation profile parameters (dur-
ing an acute event) are not different from those of non-cancer
patients, except for higher D-dimer levels.
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