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High Pretreatment Plasma D-dimer Levels Are Associated
With Poor Prognosis in Patients With Ovarian Cancer
Independently of Venous Thromboembolism
and Tumor Extension
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Objective: Elevated plasma D-dimer (DD) is associated with decreased survival among
patients with breast, lung, and colon cancers. The present study clarifies the prognostic sig-
nificance of pretreatment plasma DD levels in patients with epithelial ovarian cancer (EOC).
Methods: We investigated pretreatment DD levels and other variables for overall survival
using univariate and multivariate analyses in 134 consecutive patients with EOC stages II to
IV who were initially treated between November 2004 and December 2010.

Results: The median follow-up period was 53 (7-106) months. Univariate analysis sig-
nificantly associated elevated pretreatment DD (>2.0 wg/mL) levels to poor 5-year overall
survival rates irrespective of previously treated venous thromboembolism (72.2% vs 52.6%,
P =0.039). Cancer antigen 125 levels of 200 U/mL or higher (P =0.011), distant metastases
(P =0.0004), residual tumors (P <0.0001), and International Federation of Gynecology and
Obstetrics stage III/IV (P = 0.0033) were also poor prognostic factors. Multivariate analysis
independently associated DD levels of 2.0 wg/mL or higher (P = 0.041), distant metastases
(P =0.013), and residual tumors (P < 0.0001) with poor overall survival.

Conclusions: High pretreatment DD levels are associated with poor overall survival in
patients with EOC independently of venous thromboembolism and tumor extension and

might comprise a promising prognostic biomarker for patients with EOC.
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Trousseau reported an association between cancer and venous
thromboembolism (VTE) in 1865, and activated coagula-
tion and fibrinolysis in patients with malignant disease have re-
cently been discovered.!> High D-dimer (DD) levels are a poor
prognostic factor in patients with lung, prostate, cervical, breast,
and colorectal cancer.? Plasma DD levels (mean, 2.65 pg/mL)
correlated with tumor volume, progression rate, and survival
in 84 patients with metastatic breast cancer.* Elevated plasma
levels of DD (>0.65 pg/mL) were associated with decreased
survival and a poor response to treatment in 78 patients with
lung cancer.® Survival was significantly shorter in a group with
high DD levels (>0.85 pg/mL) among 96 patients with colon
cancer, and the DD level was an independent prognostic factor
in a multivariate analysis.® However, the relationship between
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TABLE 1. Characteristics of 134 patients with EOC

Age at diagnosis, median (range), y
BMI, median (range), kg/m?
FIGO stage, no. patients (%)

56.5 (31-88)
22.0 (13.3-35.4)

I 24 (17.9)
I 76 (56.7)
v 34 (25.4)
Histology, no. patients (%)
Serous 94 (70.1)
Clear cell 24 (17.9)
Endometrioid 7(5.2)
Mucinous 5(3.8)
Undifferentiated 4 (3.0

pretreatment DD levels and the survival of patients with
ovarian cancer has not been elucidated.

Plasma DD is generated via the degradation of fibrin by
plasmin, and the level increases with enhanced fibrinolysis
secondary to enhanced coagulation. Based on this mechanism,
the plasma DD levels are used as an index to screen for deep vein
thrombosis (DVT), with reported positive and negative predictive
values of 36% to 44% and 89% to 100%, respectively.”'® We
showed that DD levels are useful in screening for VTE before
treating ovarian, endometrial, and cervical cancers, and found
that clear cell adenocarcinoma is a risk factor for VTE.!!"13

The present study assesses relationships between
pretreatment plasma DD levels and overall survival in patients
with ovarian cancer.

MATERIALS AND METODS

Patients

We enrolled 134 patients with stages II to IV who had
undergone primary treatment of pathologically diagnosed epi-
thelial ovarian cancer (EOC) between November 2004 and
December 2010 at the University of Tsukuba Hospital. The
stages classified according to the International Federation of
Gynecology and Obstetrics (FIGO) system (1988) were 11, III,
and IV in 24, 75, and 35 patients, respectively. The histologic
subtypes were serous, clear cell, endometrioid, and mucinous
types of adenocarcinoma and undifferentiated carcinoma in 94,
24,7, 5, and 4 patients, respectively. The median age of the
patients was 56.5 (31-88) years, and their median body mass
index (BMI) was 22.0 kg/m? (range, 13.3-35.4 kg/m?; Table 1).
The ethics committee of the University of Tsukuba Hospital
approved the study protocol.

Measurement of Plasma DD Levels

Peripheral blood samples were collected from all pa-
tients before treatment, and DD levels were measured. Blood
samples were collected from an antecubital vein into plastic
tubes using a 2-tube technique, and the first 4 to 5 mL was
discarded. Whole blood was anticoagulated by adding a 9:1
volume of 0.11 M sodium citrate, and then citrated plasma
was separated by centrifugation at 3000 rpm for 10 minutes
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and frozen at —20°C for up to 3 days. Plasma DD levels were
measured using STA-Liatest D-Di latex (Diagnostica Stago,
Asniéres, France) sensitized with anti-DD mouse monoclonal
antibody to induce a latex coagulation reaction, then turbidity
was quantified by spectrophotometry. The cutoff value for
plasma DD was 0.5 pg/mL.

Management of EOC

Among the 134 patients, 74 underwent primary de-
bulking surgery (PDS) with postoperative chemotherapy and
60 received neoadjuvant chemotherapy (NAC), followed by
interval debulking surgery (IDS) and postoperative chemother-
apy. The basic surgical procedure in both groups comprised total
abdominal hysterectomy with bilateral salpingo-oophorectomy,
omentectomy, and pelvic as well as para-aortic lymphadenec-
tomy. Tumors were dissected from patients with peritoneal
dissemination to achieve optimal debulking, and 95.5% of the
patients received paclitaxel plus carboplatin as a first-line
chemotherapeutic regimen (Table 2).

A 1-stage procedure was selected for 65 of the 74 patients
who underwent PDS or upfront surgery. Stage II, Illa, or ITIb tumors
in 19 patients were completely removed without residual tumors.
Stage Illc or IV tumors in 20 of 46 patients were completely re-
moved without residual tumors; those in 17 patients were optimally
debulked by surgery with residual tumors less than 1 cm in di-
ameter, and 8 were treated by suboptimal surgery with residual
tumors greater than 1 cm. The remaining 21 patients were treated by
salpingo-oophorectomy with or without hysterectomy to patho-
logically diagnose ovarian cancer at PDS. All 21 patients underwent
second-stage optimal debulking surgery as complete surgery or
restaging laparotomy including pelvic and para-aortic lymphade-
nectomy or biopsies. Seventy-four patients received postoperative
chemotherapy with paclitaxel + carboplatin (TC; n = 68),
docetaxel + carboplatin (DC; n = 3), irinotecan + cisplatin (CPT-P;
n = 1), and carboplatin alone (n = 2).

Sixty-one patients were treated with NAC because
optimal debulking at primary surgery was not likely to be
feasible (n = 31), because surgical duration was reduced due
to complications including VTE before treatment (n = 11),

TABLE 2. Primary treatments and chemotherapy regimens
(n=134)

Treatments No. Patients (%)

Primary treatments

PDS + adjuvant CT 53 (40.0)
PDS + adjuvant CT + IDS 21 (15.7)
NAC + IDS 58 (43.3)
CT 2 (1.5)
Regimens during primary treatment
TC 128 (95.6)
DC 3(22)
CPT-P 1(0.7)
C 2 (1.5)

C, carboplatin alone; CT, chemotherapy.
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and because of assignment to the NAC group in a phase III
trial of upfront debulking surgery vs NAC for stage III/IV
ovarian, tubal, and peritoneal cancers (n = 18).'* Of these 60
patients, 2, in whom EOC was diagnosed based on biopsy of a
disseminated lesion before treatment, died of disease pro-
gression before IDS. Thus, the remaining 58 patients
underwent IDS after 3 or 4 cycles of the TC regimen as
follows: complete surgery (n = 35), optimal surgery with
residual tumors less than 1 cm in diameter (n = 16), and
suboptimal surgery (n = 7). Of the 58 patients treated by IDS,
51 received 4 or 5 cycles of the same chemotherapy regimen
as before the surgery, whereas the chemotherapy regimen was
changed after IDS in the remaining 7 (CPT-P, n = 2; paclitaxel +
cisplatin, n = 2; DC, n = 1; docetaxel + nedaplatin, n = 1;
paclitaxel + nedaplatin, n = 1; Table 2).

Management of VTE Before Primary
Treatment

After blood screening for DD, VTE before the start of
treatment was detected in 33 (24.6%) of 134 patients by ultra-
sound and computed tomography (CT); 23, 8, and 1 patients had
DVT alone, both DVT and pulmonary embolism (PE), and PE
alone, respectively. Venous thromboembolism was silent in 32
patients and symptomatic only in 1 with DVT and PE.

All 33 patients with VTE received anticoagulant therapy
before the initial treatment and after PDS or IDS. In addition, an
inferior vena cava filter was placed or NAC was administered to
17 of these patients according to severity of VTE, stage of
ovarian cancer, likely histology of the tumor, cytological evi-
dence of malignancy, and the performance status of patients.
Thus, we managed patients with VTE using only anticoagulant
therapy (n = 18), PDS with placement of an inferior vena cava
filter (n = 5), and NAC followed by IDS (n = 10).

None of these patients developed clinical manifesta-
tions of VTE during treatment of ovarian cancer including
surgery and chemotherapy.

Statistical Analysis

Data were statistically analyzed using JMP 9.0 software
(SAS Institute, Cary, NC). Survival rates were determined
using the Kaplan-Meier method and analyzed using the log-
rank test. Multivariate analyses proceeded using the Cox
hazard model. Whether or not pretreatment DD levels,
pretreatment VTE, age, BMI, distant metastases, histology,
FIGO stage, residual tumors after primary surgery, lymph
node swelling greater than10 mm in short axis determined by
CT, massive ascites, cancer antigen 125 (CA125) level, and
tumor size on magnetic resonance imaging could serve as
prognostic factors was analyzed using univariate analysis.
Factors with P values less than 0.05 in the univariate analysis
were further assessed by multivariate analysis that included
factors with the lowest P values as confounding factors.

RESULTS

Survival

The median follow-up period excluding patients who
died was 47 months (range, 23—100 months). The 5-year
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overall survival rate for all patients was 61.6% (stages II,
111, and IV: 90.7%, 62.8%, and 35.2%, respectively).

Relationship Between the Plasma DD Level
and Overall Survival in Univariate Analysis

The median DD level for all patients was 5.4 pg/mL
(range, 0.1-36.6 pg/mL). Univariate analysis showed that the
overall survival of patients with DD levels at least 1.5 pg/mL
(P =10.098), at least 2.0 pg/mL (P = 0.039), and at least 2.5
pg/mL (P = 0.091) was poorer than that in those with DD
levels below these respective cutoff values. Figure 1 shows
survival curves of patients classified according to DD levels
less than 2.0 pg/mL or levels at least 2.0 pwg/mL, which was
the cutoff level with the lowest P value (P = 0.039). The
hazard ratio for the risk of death in DD level at least 2.0
compared with less than 2.0 pwg/mL was 2.01 (95% confi-
dence interval [CI], 1.07-4.64). The 5-year overall survival
rates were 52.6% and 72.2% in patients with DD levels at least
2.0 pg/mL and less than 2.0 pg/mL, respectively. According
to the supportive analysis of receiver operating characteristic
curve based on a univariate logistic model, the cutoff value of
DD level was 2.2 pg/mL and the area under the curve was
0.55 (Fig. 2).

High DD Level Is a Poor Prognostic Factor
Independently of VTE

D-dimer levels were significantly lower in patients
without than with VTE (6.6 £ 6.7 vs 9.8 £ 6.3 pg/mL, P <
0.0007). Univariate analysis did not uncover a significant
difference in overall survival between patients with and
without VTE (P = 0.592). Figure 3 shows survival curves of
patients with DD levels at least 2.0 pg/mL classified
according to the presence of pretreatment VTE. The 5-year
overall survival rate for 29 patients with pretreatment VTE
and DD > 2.0 pg/mL was 60.0%, and that for 67 patients
without pretreatment VTE and DD > 2.0 pwg/mL was 49.0%.
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FIGURE 1. Kaplan-Meier survival curves of patients with
ovarian cancer according to pretreatment plasma DD
levels. Prognosis is significantly poorer for patients with
DD> 2.0 png/mL(n=96) than patients with DD <2.0 ng/mL
(n =38; P=0.039).
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FIGURE 2. The cutoff values of DD level was 2.2 ng/mL,
and the area under the curve was 0.55.

Univariate Analysis of Other
Prognostic Factors

Univariate analysis of prognostic factors other than DD
level showed that CA125 > 200 U/mL (P = 0.011), distant
metastases (P = 0.0004), residual tumors after primary sur-
gery (P < 0.0001), and FIGO stage III/IV (P=0.003) were
significant prognostic factors (Table 3). Age, BMI, tumor
size, lymph node swelling, massive ascites, histology, and
VTE did not significantly influence overall survival.

Multivariate Analysis

We included DD > 2.0 pg/mL, CA125 > 200 U/mL,
distant metastases, and residual tumors as variables in a
multivariate analysis based on the outcome of the univariate
analysis. Only DD > 2.0 wg/mL (P = 0.041), distant metas-
tases (P = 0.013), and residual tumors (P < 0.0001) were
selected as independent factors associated with a poor
prognosis (Table 4).

DISCUSSION

A high pretreatment DD level (>2.0 pg/mL) was a
significant and poor prognostic factor. Five-year overall
survival rates significantly decreased with increasing DD
levels. D-dimer can reflect the extent and course of advanced
ovarian cancer more effectively than CA125.1° Elevated DD
levels were specific but not sensitive for macroscopically
positive second-look findings of ovarian cancer.!® These
studies indicated that measuring plasma DD levels during
treatment might be useful for evaluating persistent ovarian
cancer. However, they could not determine whether
pretreatment DD levels are useful for predicting the survival
of patients with ovarian cancer. Our findings suggested that
pretreatment DD levels could serve as a promising prognostic
biomarker associated with poor overall survival in patients
with ovarian cancer.

We found here that the association between high DD
levels and a poor prognosis was independent of VTE. High
DD levels reportedly predict VTE in patients with ovarian
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cancer,'® and epidemiological studies have associated VTE
with a poor prognosis and 3-fold increased risk of mortality in
the general cancer population.!” ' However, the present
study did not identify pretreatment VTE as a poor prognostic
factor, and poor survival was not mediated by VTE in patients
with elevated levels of DD. These findings indicated the
possibility that high DD levels are a poor prognostic factor
regardless of pretreatment VTE.

Univariate analysis identified CA125 levels 200 U/mL or
higher (P = 0.011), distant metastases (P = 0.0004), residual
tumors after primary surgery (P < 0.0001), and FIGO stage [II/TV
(P = 0.003) as other factors that were significantly associated
with a poor prognosis. Multivariate analysis that included these
variables selected only DD > 2.0 pg/mL (P = 0.041), distant
metastases (P = 0.013), and residual tumors (P < 0.0001) as
mutually independent factors associated with a poor prognosis.
In multivariate analysis, we adjusted for distant metastases,
which is generally related to prognosis, instead of FIGO stage
HI/TV. When we analyzed it using FIGO stage III/IV, only re-
sidual tumors were an independent factor. Elevated plasma levels
of DD in patients with ovarian cancer are associated with de-
ceased survival independently of tumor extension.

D-dimer is a global indicator of coagulation activation
and fibrinolysis. Several studies have associated high DD
levels with both risk of VTE and tumor progression in patients
with cancer. Procoagulant activity with elevated DD might be
mediated by tissue factor (TF) expression in cancer.?’ In-
creased TF expression induces excess fibrin formation and
results in VTE and increased DD levels in patients with
cancer. In addition to TF, products of the coagulation cascade
triggered by TF activation, such as factor Xa, thrombin, and
fibrin, also promote tumor growth and metastasis.?!

Anticoagulation provided by low-molecular-weight
heparin (LMWH) might favorably affect the survival of pa-
tients with cancer.?> A randomized clinical trial of 302 patients
with metastasized or locally advanced solid tumors found an
overall hazard ratio of 0.75 (95% CI, 0.59-0.96) for mortality
with a median survival of 8 months in patients treated with
nadroparin for 6 weeks compared with 6.6 months in a placebo
group.?> A meta-analysis also showed that heparin significantly
increases survival in patients with malignant tumors.?*

10

08 DD 22.0 pg/mL, with VTE (n=29)

0.6

Overall survival (proportion)

fal, SN
o DD 22.0 pg/mL, without VTE (n=67)
0.2
P=0.477
0.0
0 12 24 36 48 60 72 84 96
Months

FIGURE 3. Kaplan-Meier survival curves of patients with
ovarian cancer with DD > 2.0 pwg/mL, with or without
VTE. High DD levels comprise poor prognostic factor
regardless of pretreatment VTE (P = 0.477).
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TABLE 3. Univariate analysis of prognostic factors

respectively with EOC

TABLE 3. (Continued)

5-y Overall 5-y Overall
Prognostic Factor No. Survival Rate, % P Prognostic Factor No. Survival Rate, % P
Age,y Nonserous 40 64.1
<60 76 55.0 334 CCC and non-CCC
>60 58 65.8 CcccC 24 61.0 .836
BMI, kg/m? Non-CCC 110 61.8
<25 109 57.9 .847 FIGO stage
>25 25 58.8 I 24 89.8 .003
DVT (before treatment) v 110 55.5
Positive 30 61.0 .657 *LN swelling was defined as more than 10 mm in the short-axis
Negative 104 594 diameter by CT before treatment in this study. .
TMassive ascites was defined as centralization detected by CT in
PE (before treatment) this study.
Positive 10 90.0 .089 CCC, clear cell carcinoma; LN, lymph node; MRI, magnetic
Negative 124 59.2 resonance imaging.
VTE (before treatment)
Positive 32 62.9 592 Experimental studies have shown that LMWH can interfere
Negative 102 58.5 with angiogenesis, adhesion of cancer cells to vascular endo-
DD, pg/mL thelium, and invasion.>> Our observation that overall survival
<2.0 38 o) 039 was similar between patients with and without VTE might be
=20 9 506 due to a higher f‘requenf:y of treating VTE with LMWH.
LN_ swelling . In .conclusmn, high pretreatment DD leyels are asso-
>10 mm (CT)* ciated with poor overall survival in patients \ylth EOC mde-
) pendently of VTE and tumor extension and might comprise a
Not swelling 69 7.3 141 promising prognostic biomarker for patients with EOC.
Swelling 65 66.5 We are presently planning a prospective study to de-
CA125, U/mL termine whether anticoagulant therapy could help to improve
<200 33 791 011 the prognosis of patients with ovarian cancer and high
=200 101 513 pretreatment DD levels.
Size of ovarian tumor
on MRI, mm ACKNOWLEDGMENTS
>100 66 58.8 920 This research was supported, in part, by a Grant-in-Aid
<100 68 61.1 for Scientific Research (No. 26861310 and No. 26462513)
Massive ascites from the Ministry of Education, Science, and Culture, Japan.
(image)'
Yes 48 48.7 368
No 86 63.3 TABLE 4. Multivariate analysis for the 4 representative
Distant metastases risk factors of ovarian cancer
Yes 35 34.0 0004 prognostic Factors HR (95% CI) P
No 99 66.8
Residual tumors (after DD, pg/mL Reference
primary surgery) <2.0 vs >2.0 2.11 (102478) .041
Yes 52 32.8 <.0001 Distant metastases Reference
No 82 78.0 Yes vs no 2.20 (1.194.01) .013
Histology Residual tumors Reference
Serous and nonserous Yes vs no 4.12 (224—792) <.0001
Serous 94 60.6 417 CA125, U/mL Reference
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<200 vs >200 373

HR, hazard ratio.

0.68 (0.25-1.54)
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