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Abstract. The purpose of the present study was to determine
the incidence of increased levels of D-dimer and associated
factors in preoperative patients with gynecological cancer.
Furthermore, we determined the incidence and risk factors
associated with preoperative venous thromboembolism (VTE).
Overall, 456 patients with invasive gynecological cancer
scheduled to undergo surgery were recruited. Preoperative
plasma D-dimer levels were measured and patients whose
plasma D-dimer concentration exceeded the pre-set cut-off
value underwent computed tomography scanning. The
incidence of elevated D-dimer and VTE was identified
as significantly higher in patients with ovarian cancer.
Multivariate analysis revealed that advanced age, low hemo-
globin levels and elevated C-reactive protein (CRP) levels
were independent factors for preoperative elevations in plasma
D-dimer levels. Advanced age was an independent risk factor
for preoperative VTE. Massive ascites and the presence of
co-morbidities were independent risk factors for preoperative
VTE in ovarian cancer. Advanced age and stage were indepen-
dent risk factors for preoperative VTE in endometrial cancer.
Advanced age was an independent risk factor for preopera-
tive VTE in cervical cancer. Plasma D-dimer levels and the
incidence of preoperative VTE were higher in patients with
ovarian cancer compared with those with other gynecological
cancers. Advanced age, low hemoglobin levels and elevated
CRP levels were significant factors associated with elevated
plasma D-dimer levels and age was an independent risk factor
for preoperative VTE in gynecological cancer.
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Introduction

Cancer is a widely accepted risk factor for venous thrombo-
embolism (VTE) and, to a lesser extent, arterial thrombosis.
This risk is attributed to numerous factors, including expres-
sion of prothrombotic factors by tumors, tumor compression
of vessels, inflammatory host response to malignancies,
immobility, surgery, indwelling central venous catheters and
specific antitumor therapies (1). VTE is a common compli-
cation of surgery for gynecological cancer and individuals
with gynecological malignancies are classified as the highest
risk group (2,3). It has been reported that 90% of pulmonary
thromboemboli (PTEs) result from deep venous thromboses
(DVTs) (4). VTE may occur prior to surgery, due to the
hypercoagulable state well-described in cancer patients (3,4).
Subclinical VTE may progress and only manifest clinically
following surgery. Therefore, it is important to perform preop-
erative VTE screening for gynecological cancer patients in
order to prevent postoperative symptomatic PTE.

D-dimer, a marker of a hypercoagulable state, is a stable
end-product of fibrin degradation and its levels increase as
a result of fibrin formation and fibrinolysis. Measurement of
plasma D-dimer levels is often performed during screening for
VTE.

The aim of the present study was to determine the inci-
dence of increased D-dimer levels and the associated factors
in preoperative patients with invasive gynecological cancer.
Furthermore, we determined the incidence and risk factors for
preoperative VTE.

Materials and methods

Study population. Overall, 456 patients with invasive gyne-
cological cancer scheduled to undergo surgery at Okayama
University Hospital were recruited between August 2005 and
August 2011. The median age of the patients was 55 years
(range, 23-85 years). A range of gynecological cancers were
diagnosed: 114 ovarian, 198 endometrial and 144 cervical
cancers. The study was approved by the ethics committee of
Okayama University Hospital, Okayama, Japan.
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Table I. Analysis of factors associated with preoperative elevation of plasma D-dimer levels in patients with gynecological

cancer.
D-dimer <1.3 pg/ml D-dimer =1.3 pg/ml
Variables (n=329) (n=127) P-value
Age (years), median (range) 54 (23-81) 59 (30-85) <0.0001
Body mass index (kg/m?), median (range) 22.2 (15.0-46.5) 22.5(13.5-364) 0.310
Comorbidity, n (%) 89 (27.1) 40 (31.5) 0.345
Smoking, n (%) 30 (9.1) 7(5.5) 0.206
Blood group, n (%) 0.019
(0] 92 (28.0) 22 (17.3)
Non-O 237 (72.0) 105 (82.7)
Leukocyte (/mm?®), median (range) 6200 (2090-18300) 6800 (2740-17700) 0.0007
Hemoglobin (g/dl), median (range) 13.0 (2.9-15.7) 12.5(7.7-15.9) <0.0001
Platelet (/mm?®), median (range) 27.6 (3.4-97.1) 30.3 (19.8-89.1) 0.009
C-reactive protein (mg/dl), median (range) 0.05 (0.0-11.6) 0.3 (0.0-14.0) <0.0001

P-values were calculated using Mann-Whitney U or Chi-square tests.

Table II. Stepwise multivariate logistic regression analysis of factors associated with preoperative elevation of plasma D-dimer

levels in patients with gynecological cancer.

Multivariate

Variable Comparison Odds ratio P-value 95% CI

Age Old: Young 1.049 <0.001 1.029-1.069
Blood type Non-0:0 1.602 0.092 0.926-2.774
Leukocyte High:Low 1.000 0.068 1.000-1.000
Hemoglobin High:Low 0.862 0.043 0.747-0.995
Platelet High:Low 1.001 0.959 0.975-1.027
C-reactive protein High:Low 1.250 0.007 1.063-1.471

CI, confidence interval.

Measurement of D-dimer levels and detection of VTE.
Preoperative plasma D-dimer levels were measured no longer
than 4 weeks prior to surgery. Informed consent was obtained
from each patient prior to blood collection. The latex photo-
metric immunoassay system was utilized and the amount
of D-dimer was measured using LPIA-ACE D-D dimer II
(Mitsubishi Chemical Medience Corporation, Tokyo, Japan)
as the reagent. Inter-assay variability (coefficient of variation)
was <10%. Primary preoperative screening for VTE was
performed using meticulous evaluation of the clinical signs
and plasma D-dimer levels. Clinical signs of VTE evaluated
in the present study were leg swelling, tenderness along the
distribution of deep veins, acute cardiovascular dysfunc-
tion, dyspnea, chest pain and loss of consciousness. Patients
whose plasma D-dimer concentration exceeded pre-set
cut-off values (=1.3 pg/ml) and those who revealed clinical
signs of VTE underwent computed tomography scanning
of the chest, abdomen and lower extremities using multide-
tector row computed tomography (Toshiba, Tokyo, Japan).

Clinicopathological, hematological and biochemical data were
obtained from the patients' medical records.

Statistical analysis. Chi-square and Mann-Whitney U tests
and logistic regression analysis were used to investigate the
correlation between various variables and plasma D-dimer
levels or the occurrence of VTE. Preoperative factors associ-
ated with elevated D-dimer levels and VTE were investigated
using univariate and multivariate analyses. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Plasma D-dimer level and associated factors. Plasma
D-dimer levels were elevated (=1.3 yg/ml) in 127/456 patients
(27.9%). The incidence of elevated D-dimer levels was identi-
fied to be significantly higher in patients with ovarian cancer
(57.9%), compared with those with endometrial (24.7%)
and cervical cancer (8.3%; P<0.0001). Results of univariate
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Table III. Analysis of risk factors associated with preoperative VTE in patients with gynecological cancer.

Variables VTE (-),n=419 VTE (+), n=37 P-value
Age (years), median (range) 55 (23-85) 63 (38-79) <0.0001
Body mass index (kg/m?), median (range) 22.2 (13.5-46.5) 22.5(14.4-27.7) 0.670
Comorbidity, n (%) 111 (265) 18 (48.6) 0.004
Smoking, n (%) 36 (8.6) 1.7 0.209
Blood group, n (%) 0.741
(0] 103 (24.6) 10 (27.0)
Non-O 316 (754) 27 (73.0)
Leukocyte (/mm?®), median (range) 6300 (2090-18300) 6400 (3840-11730) 0.284
Hemoglobin (g/dl), median (range) 129 (2.9-15.7) 12.6 (9.0-15.2) 0.066
Platelet (/mm?®), median (range) 27.8 (34-97.1) 30.8 (17.5-55.5) 0.069
C-reactive protein (mg/dl), median (range) 0.06 (0.0-14.0) 0.5(0.0-14.0) 0.0005

P-values were calculated using Mann-Whitney U or Chi-square test. VTE, venous thromboembolism.

Table IV. Analysis of risk factors associated with preoperative VTE in patients with ovarian cancer.

Variables VTE (-),n=91 VTE (+),n=23 P-value
Age (years), median (range) 56 (30-81) 61 (38-79) 0.099
Body mass index (kg/m?), median (range) 22.0 (15.0-35.6) 22.4 (14.4-27.7) 0919
Stage, n (%) 0.884
I 36 (39.5) 7(304)
I 7(1.7) 2 (8.7)
I 38 (41.8) 11 (47.8)
v 10 (11.0) 3(13.1)
Histology, n (%) 0.429
Clear 17 (18.7) 6(26.1)
Non-clesr 74 (81.3) 17 (73.9)
Ascites, n (%) 0.0003
Not massive 71 (78.0) 9(39.1)
Massive 20 (12.0) 14 (60.9)
Tumor size (cm), median (range) 8.7 (2.0-26.0) 9.5 (3.0-20.0) 0918
Comorbidity, n (%) 19 (20.9) 11 (47.8) 0.009
Smoking, n (%) 5(5.5) 1(4.3) 0.826
Blood group, n (%) 0.554
(0] 15 (16.5) 521.7)
Non-O 76 (83.5) 18 (78.3)
Leukocyte (/mm?), median (range) 6560 (2920-17770) 6400 (3840-11730) 0.935
Hemoglobin (g/dl), median (range) 12.6 (8.7-15.3) 12.5(9.0-14.4) 0.325
Platelet (/mm?), median (range) 33.4(15.7-89.1) 32.6 (17.5-55.0) 0.563
C-reactive protein (mg/dl), median (range) 0.2 (0.0-14.0) 1.22 (0.02-3.94) 0.032
CA125, median (range) 234.5 (9.4-18238) 307.6 (66.8-11159) 0.041

P-values were calculated using Mann-Whitney U or Chi-square tests. VTE, venous thromboembolism; CA125, cancer antigen 125.

analysis indicated that age, blood type, leukocyte count, elevated CRP and low hemoglobin levels were independent
hemoglobin, platelet count and C-reactive protein (CRP) factors associated with preoperative elevated plasma D-dimer
levels were associated with elevated D-dimer levels (Table I).  levels (Table II).

Logistic multivariate regression revealed that advanced age,
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Table V. Analysis of risk factors associated with preoperative VTE in patients with endometrial cancer.

Variables VTE (-),n=188 VTE (+),n=10 P-value
Age (years), median (range) 57 (23-85) 69.5 (44-76) 0.044
Body mass index (kg/m?), median (range) 22.5(13.5-46.5) 22.5(20.8-26.3) 0.444
Stage, n (%) 0.040
I+II 147 (78.2) 5(50.0)
I+IV 41 (21.8) 5(50.0)
Histology, n (%) 0.752
Type 1 122 (64.9) 6 (60.0)
Type 2 66 (35.1) 4 (40.0)
Comorbidity, n (%) 116 (61.7) 5(50.0) 0.460
Smoking, n (%) 15(8.0) 0(0.0) 0.353
Blood group, n (%) 0.376
(0] 51 (27.1) 4 (40.0)
Non-O 137 (62.9) 6 (60.0)
Leukocyte (/mm?), median (range) 6260 (2090-18300) 6670 (5110-10830) 0.537
Hemoglobin (g/dl), median (range) 129 (2.9-15.9) 13.1 (9.3-15.2) 0.808
Platelet (/mm?®), median (range) 26.7 (3.4-97.1) 27.9 (22.0-46.6) 0.247
C-reactive protein (mg/dl), median (range) 0.06 (0.0-9.5) 0.07 (0.02-2.54) 0.333
P-values were calculated using Mann-Whitney U or Chi-square tests. VTE, venous thromboembolism.
Table VI. Analysis of risk factors associated with preoperative VTE in patients with cervical cancer.
Variables VTE (-), n=140 VTE (+),n=4 P-value
Age (years), median (range) 43.5 (23-85) 58.5 (44-76) 0.039
Body mass index (kg/m?), median (range) 21.6 (15.6-29.9) 229 (15.6-26.1) 0.799
Stage, n (%) 0.920
I 108 (77.1) 3(75.0)
1I 32(22.9) 1(25.0)
Histology, n (%) 0.041
SCC 101 (72.1) 1(25.0)
Non-SCC 39 (27.9) 3(75.0)
Comorbidity, n (%) 20 (14.3) 2 (50.0) 0.050
Smoking, n (%) 18 (12.9) 0(0.0) 0.464
Blood group, n (%) 0.949
(0] 37 (26.4) 1(25.0)
Non-O 103 (73.6) 3(75.0)
Leukocyte (/mm?), median (range) 6110 (3180-15140) 7040 (4700-9990) 0.572
Hemoglobin (g/dl), median (range) 13.0 (5.6-15.1) 12.8 (12.6-13.2) 0.702
Platelet (/mm?®), median (range) 27.7 (9.8-66.9) 29.6 (25.3-33.4) 0.527
C-reactive protein (mg/dl), median (range) 0.04 (0.0-11.6) 0.07 (0.0-0.09) 0.191

P-values were calculated using Mann-Whitney U or Chi-square tests. VTE, venous thromboembolism.

Preoperative VTE. In the present study population, VTE was
detected in 37 (8.1%) patients prior to surgery. The incidence
of VTE in patients with ovarian, endometrial and cervical
cancer was 20.2, 5.1 and 2.8%, respectively. The incidence
of preoperative VTE in patients with ovarian cancer was

revealed to be significantly higher than in patients with
endometrial or cervical cancer (P<0.0001). PTE was identi-
fied in 18 patients (3.9%). The incidence of PTE in patients
with ovarian, endometrial and cervical cancer was 8.8, 3.0
and 1.4%, respectively. The incidence of preoperative PTE in
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patients with ovarian cancer was identified to be significantly
higher than in patients with endometrial or cervical cancer
(P=0.028 and 0.006, respectively). One patient with PTE was
clinically symptomatic, with dyspnea, but PTE was not fatal
in this case. A substantial number of thrombi and PTEs were
treated with anticoagulation therapy using parenteral unfrac-
tionated heparin prior to surgery. Insertion of an inferior vena
cava filter was required in 5 patients.

Risk factors for preoperative VTE in gynecological cancer.
Results of univariate analysis indicated that age, comorbidity
and CRP were significant risk factors for preoperative VTE
(Table III). Logistic regression multivariate analysis revealed
that advanced age was an independent risk factor for the
occurrence of preoperative VTE [hazard ratio (HR), 1.049;
95% (1, 1.016-1.083; P=0.003].

Risk factors for preoperative VTE in ovarian, endometrial
and cervical cancers. Massive ascites, the presence of comor-
bidities and increased CRP and cancer antigen 125 levels
were identified to be significant risk factors in patients with
ovarian cancer (Table IV). Logistic regression multivariate
analysis revealed that the presence of massive ascites (HR,
7.017;, 95% CI, 2.293-22.025; P=0.0007) and comorbidities
(HR, 3.696; 95% CI, 1.289-10.598; P=0.015) were indepen-
dent risk factors for the occurrence of preoperative VTE.
Age and stage of malignancy were significant risk factors in
patients with endometrial cancer (Table V). Logistic regres-
sion multivariate analysis revealed that advanced age (HR,
1.072; 95% CI, 1.003-1.146; P=0.041) and stage (HR, 4.394;
95% CI, 1.144-16.879; P=0.031) were independent risk factors
for the occurrence of preoperative VTE. Advanced age and
the identification of non-squamous cell cancer by histological
analysis were significant risk factors in patients with cervical
cancer (Table VI). Logistic regression multivariate analysis
revealed that advanced age was an independent risk factor
for the occurrence of preoperative VTE (HR, 1.169; 95% CI,
1.009-1.354; P=0.038).

Discussion

Cancer is a significant risk factor for VTE. Surgery, a first-line
treatment of gynecological cancers, is an additional risk factor
for VTE. Therefore, preoperative screening for VTE is impor-
tant. In the present study, D-dimer levels were used to screen
for preoperative VTE, including asymptomatic/subclinical
VTE, in Japanese females with invasive gynecological cancer.
Elevated D-dimer levels are not a specific indicator of VTE.
Increased levels of D-dimer have also been observed in indi-
viduals of advanced age, during pregnancy, following surgery
and trauma, inflammatory states, infections and specific types
of cancer (4). In addition, false-positive increases in D-dimer
levels are common in cancer patients. Therefore, the specificity
and positive predictive value of the assay is likely to be reduced
in cancer patients. There are a number of assays for D-dimer
levels and cut-off values depend on the assay. The negative
predictive value for VTE has been reported as 100% using
a cut-off value of 1.2 pg/ml and a positive predictive value
>50% using a cut-off value of 3 yg/ml has been reported with
the assay used in the current study (5,6). In general, a positive
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predictive value >50% is effective for diagnosis. Therefore,
in the current study, a diagnosis of preoperative VTE was
considered in patients whose plasma D-dimer concentration
>1.3 yg/ml.

Patients with high D-dimer levels are likely to be in
a hypercoagulable state. It was previously reported that
increased D-dimer concentrations positively correlate with the
occurrence of VTE risk (7). The current study demonstrated
that the incidence of elevated D-dimer levels was significantly
higher in patients with ovarian cancer, compared with those
with endometrial and cervical cancers. Furthermore, results
revealed that old-age, non-O blood type, low hemoglobin level,
elevated platelet and leukocyte counts and elevated CRP levels
were significant factors associated with elevated D-dimer
levels.

Increased plasma levels of factors VIII (FVIII) and IX
(FIX) have been reported to be independent risk factors for
VTE (8). It is well known that FIX levels increase with age (9).
In addition, individuals with non-O blood groups are at a
significantly increased risk of arterial thromboembolic disease
and VTE (10,11). According to the ABO blood group system,
blood group is determined by plasma levels of 2 coagulation
glycoproteins, von Willebrand factor (VWF) and FVIII. VWF
and FVIII are found in circulation in normal plasma as a
noncovalent complex and are important for normal hemostasis.
Compared with non-O group individuals, those with blood
group O were revealed to have significantly reduced plasma
VWF and FVIII levels. This explains why individuals with
clinical thrombosis have reduced levels of these factors (12).
We previously reported that the non-O blood group was an
independent risk factor for postoperative VTE in patients with
gynecological cancer (13). These results, in combination with
the current observations, indicate that elderly cancer patients
with a non-O blood group must be considered to have a hyper-
coagulable state.

CRPisadownstream marker of inflammation and is consid-
ered a predictor of cardiovascular events and mortality (14). A
prospective study on 507 cancer patients reported that elevated
CRP levels correlated with the development of VTE (15).
Moreover, additional studies have demonstrated that elevated
platelet and leukocyte counts and low hemoglobin levels were
associated with VTE in cancer patients (14). There is evidence
that pre-chemotherapy thrombocytosis, leukocytosis and
low hemoglobin levels are predictive biomarkers of VTE in
patients receiving chemotherapy. Notably, low hemoglobin and
elevated platelet and leukocyte counts were associated with a
preoperative increase in D-dimer levels in the present study.

This study further investigated the incidence and risk factors
associated with preoperative VTE. Results demonstrate that
~20% patients with ovarian cancer have VTE prior to surgery,
consistent with results of a previous study (16). Incidence of
preoperative VTE was revealed to be significantly higher in
patients with ovarian cancer compared with those with other
gynecological cancers. Therefore, preoperative screening of
patients with ovarian cancer is particularly important.

Advanced age was identified to be an independent risk
factor for the occurrence of preoperative VTE in gyneco-
logical cancer. Advanced age, a common characteristic of a
number of cancer patients, correlated with an increased risk
of VTE. In ovarian cancer, massive ascites and the presence
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of comorbidities were also independent risk factors for preop-
erative VTE. It was previously reported that the presence and
number of comorbidities affect the risk of VTE. In patients
with ovarian cancer, HRs for the development of VTE increase
from 2.1 in patients with a single comorbidity to 3.9 in patients
with 3 comorbidities (17). Satoh er al reported that massive
ascites and clear cell histology were significantly associated
with preoperative DVT, although clear cell histology was not
associated with VTE in the present study (16). In endometrial
cancer, advanced age and stage of malignancy were inde-
pendent risk factors for the occurrence of preoperative VTE.
The same research group reported that advanced stage and
non-endometrioid histology were significantly associated with
preoperative VTE, although the histological observations were
not associated with VTE in the present study (18). In cervical
cancer, advanced age and non-squamous cell carcinoma were
risk factors for preoperative VTE. Although histology was
not an independent factor in the current study, squamous cell
carcinoma, the most common histological form of cervical
cancer, appears to be associated with a lower risk of VTE than
adenocarcinoma (19).

Results from the current study demonstrate that high
plasma D-dimer levels and the incidence of VTE prior to
surgery were higher in patients with ovarian cancer compared
with those with other gynecological cancers. Furthermore,
this study demonstrated, through multivariate analysis, that
advanced age and low hemoglobin and elevated CRP levels
were significant risk factors for a preoperative increase in
plasma D-dimer levels and that advanced age was an indepen-
dent risk factor for preoperative VTE in gynecological cancer.
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