
Gynecologic Oncology 142 (2016) 405–412

Contents lists available at ScienceDirect

Gynecologic Oncology

j ourna l homepage: www.e lsev ie r .com/ locate /ygyno
Significance of venous thromboembolism in women with
cervical cancer☆
Koji Matsuo a,b,⁎, Aida Moeini a, Hiroko Machida a, Morgan E. Fullerton a, Anastasiya Shabalova a,
Laurie L. Brunette a, Lynda D. Roman a,b

a Division of Gynecologic Oncology, Department of Obstetrics and Gynecology, University of Southern California, Los Angeles, CA, USA
b Norris Comprehensive Cancer Center, University of Southern California, Los Angeles, CA, USA

H I G H L I G H T S

• Metastatic cervical cancer has a significantly high risk of developing venous thromboembolism (VTE).
• VTE is a surrogate marker for aggressive tumor behavior and poor patient condition in cervical cancer.
• Systemic chemotherapy was associated with increased risk of VTE.
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Objective. To characterize risk factors of venous thromboembolism (VTE) and to examine effects of VTE on
survival of women with cervical cancer.

Methods. This is a retrospective study examining consecutive stage I–IV cervical cancer cases diagnosed be-
tween 2000 and 2014. Cumulative risk of VTE after cervical cancer diagnosis was evaluated by a time-
dependent analysis, expressing adjusted-hazard ratio [HR] and 95% confidence interval [CI]. Survival analysis
was performed to determine independent risk factors for progression-free survival (PFS) and disease-specific
overall survival (OS).

Results. VTE was recorded in 98 (12.3%, 95%CI 11.6–22.8) out of 798 cases with 1-, 2-, and 5-year cumulative
incidences after cervical cancer diagnosis being 8.4%, 11.3%, and 18.7%, respectively. On multivariable analysis,
advanced-stage disease (2-year cumulative risk, distant metastatic disease 44.8% [HR 4.13, 95%CI 1.06–10.7,
P = 0.003], and locally-advanced disease 13.4% [HR 2.46, 95%CI 1.17–4.43, P = 0.004]) were independently as-
sociated with increased risk of VTE compared to early-stage disease (stage IA1–IB1 4.1%). In addition, low albu-
min level (HR per unit change, 0.59, 95%CI 0.40–0.85, P = 0.005) and chemotherapy treatment (HR 2.46, 95%CI
1.30–4.66, P = 0.006) remained independent risk factors associated with increased risk of VTE. On univariate
analysis, VTE was significantly associated with decreased PFS (5-year rates, 22.3% versus 68.7%, P b 0.001) and
OS (5-year rates, 55.1% versus 90.0%, P b 0.001). On multivariable analysis, VTE remained an independent prog-
nostic factor associated with decreased PFS (HR 1.95, 95%CI 1.43–2.67, P b 0.001) and OS (HR 3.54, 95%CI
2.04–6.13, P b 0.001).

Conclusion. VTE represents aggressive tumor behavior and poor patient condition, and is an independent
prognostic factor for decreased survival in women with cervical cancer.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Cervical cancer is themost common gynecologic malignancy world-
wide [1].While cure is highly achievable in early-stage disease,metasta-
tic or recurrent disease is challenging to cure in cervical cancer. Given
the effectiveness of treatment modalities in cervical cancer, it would
be useful to identify and predict risk factors that may compromise sur-
vival outcomes.
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Malignancy is a known risk factor for developing venous thrombo-
embolism (VTE). VTE was first described by Armand Trousseau in the
19th century, and has been historically theorized to occur in the setting
of endothelial damage, venous stasis, and hypercoagulability [2]. In gen-
eral, the risk of VTE increases approximately 7-fold in the presence of
malignancy and approximately 20-fold in the presence of distant me-
tastases [3]. This known association between VTE and malignancy has
been described in various types of gynecologic malignancies including
ovarian and endometrial cancers [4,5].

For cervical cancer, previous studies have not completely outlined
the characteristics and outcome of VTE [6]. Reported incidence of VTE
in cervical cancer varies due to heterogeneous study populations (0–
34%), and identification of additional risk factors for VTE development
in women with cervical cancer is relatively understudied [6]. Because
cervical cancer with VTE was associated with the poorest survival
among gynecologic malignancies [7], it is paramount to examine if
VTE impacts survival in women with cervical cancer. The aim of this
study was to (i) identify independent risk factors for developing VTE
in women with cervical cancer, and (ii) to evaluate survival outcomes
related to VTE in cervical cancer.

2. Patients and methods

2.1. Eligibility criteria

After Institutional Review Board approval was obtained, consecutive
cases of stage I-IV invasive cervical cancer diagnosed and managed at
LAC + USC Medical Center between January 1, 2000 and December
31, 2014 were examined. An institutional pathology database was
used to identify those eligible cases by searching the keyword “cervical
cancer”. Cases with pre-invasive cervical dysplasia, sarcoma, and meta-
static tumors to the uterine cervix were excluded from the search. Pa-
tients with past history of VTE were also excluded. Among eligible
cases, patient demographics, laboratory test results, tumor characteris-
tics, treatment pattern, information for VTE, and survival outcome
were collected from medical records. The Strengthening the Reporting
of Observational studies in Epidemiology (STROBE) guidelines were
consulted to outline the study description for this retrospective cohort
study [8].

2.2. Clinical information

Patient demographics at cervical cancer diagnosis included age, eth-
nicity, bodymass index (BMI, kg/m2),medical comorbidities (hyperten-
sion, diabetes mellitus, and hypercholesterolemia), and cigarette use.
Laboratory test results at cervical cancer diagnosis included white
blood cell counts (WBC, 109/L), hemoglobin levels (g/dL), platelet
counts (109/L), blood urea nitrogen levels (BUN, mg/dL), creatinine
levels (mg/dL), bicarbonate levels (mEq/L), and albumin levels (g/dL).
Tumor characteristics included histologic subtypes and cancer stage.
Patterns for the initial treatment after cervical cancer diagnosis included
primary hysterectomy, systemic chemotherapy type, and whole pelvic
radiotherapy (WPRT). Radiation sensitizing chemotherapywasnot con-
sidered systemic chemotherapy. Among recurrent cases, use of salvage
chemotherapy was also recorded. For survival outcomes, progression-
free survival (PFS) and disease-specific overall survival (OS) were
examined.

VTE observed between the initial cervical cancer diagnosis and the
last follow-up date was recorded. The diagnosis of VTEwas determined
by imaging including Doppler study of the extremities, computed to-
mography (CT) pulmonary artery angiogram, or ventilation-perfusion
lung scan. In our institution, systemic imaging with CT scan is not rou-
tinely performed during the post-treatment follow-up course other
than at 3 months post-radiation. Otherwise, CT scanning is performed
when recurrence/progression is clinically suspected. Type of VTE was
examined as follows: deep venous thrombosis (DVT) alone, pulmonary
embolism (PE) alone, andDVT/PE combined. Detail of treatment for VTE
was recorded as follows: heparin, low-molecular weight heparin
(LMWH), warfarin, and inferior vena cava (IVC) filter.

2.3. Definition

Obesity was defined as BMI ≥30 kg/m2. Cancer stage was based on
the International Federation of Gynecology andObstetrics (FIGO) classi-
fication [9]. In this study, cancer stage was further grouped into the fol-
lowing: early-stage (stage IA1–IB1), locally-advanced stage (stage IB2-
IVA), and distant metastasis (stage IVB). Various cutoff levels for
serum albumin were tested for cumulative risk of VTE based on previ-
ous studies (4.0 versus 3.5 g/dL), and the cutoff level of 4.0 g/dLwas cho-
sen as hypoalbuminemia due to larger statistical value in log-rank
compared to the cutoff of 3.5 g/dL (27 versus 11) for this study [10,11].
PFS was defined as the time interval between the initial cervical cancer
diagnosis and the date of the first disease recurrence/progression or the
last date of follow-up if censored. OS was defined as time interval be-
tween the initial cervical cancer diagnosis and the date of death due to
cervical cancer or the last date of follow-up if patient was alive or died
of other causes. Patients who were lost to follow-up were censored at
the date of the last visit.

2.4. Statistical analysis

Continuous variables were assessed for normality (Kolmogorov-
Smirnov test) and expressed as appropriate (mean with SD or median
with range). Student's t-test orMann-WhitneyU test was used to assess
statistical significance for continuous variables as appropriate. Categor-
ical variables were evaluated with the Fisher's exact test or chi-square
test as appropriate. BecauseVTE is a time-dependent event after cervical
cancer diagnosis, survival analyses with a log-rank test for univariate
analysis and Cox proportional hazard regression models for multivari-
able analysis were used to assess the cumulative incidence and risk of
VTE after cervical cancer diagnosis. Significant covariates with P b 0.05
on univariate analysis were initially entered into the multivariable
model; then, least significant covariates were removed from the
model until the final model retained significant covariates (conditional
backward method). Age, BMI, and laboratory test results were entered
as continuous variables in the model. Other categorical variables were
grouped in a priorimanner. Significances of PFS andOSwere also exam-
ined in a similar fashion with survival analysis. Magnitude of statistical
significance for survival analysis was expressed with hazard ratio (HR)
and 95% confidence interval (CI). The Kaplan-Meier method was used
to construct cumulative incidence and survival curves. A P b 0.05 was
considered statistically significant (all, 2-tailed). The Statistical Package
for Social Science software (SPSS, version 22.0, IL) was used for all
analyses.

3. Results

There were 815 cases of cervical cancer identified during the study
period. Of those, there were 13 cases with no medical record. Among
802 cases of cervical cancer with available medical records, 4 (0.5%)
cases were excluded due to a past history of VTE. The remaining 798
cases of cervical cancer without past history of VTE represented the
study population. The patient characteristics are shown in Table 1. In
the entire cohort, the median age was 48.9 years old and the majority
were Hispanic (72.1%). Obesity was seen in 39.2% of the study popula-
tion. Medical comorbidities were relatively not prevalent in this study
population (hypertension 25.1%, diabetesmellitus 14.1%, and hypercho-
lesterolemia 8.1%). Statin use was seen in 53.9% of the dyslipidemic pa-
tients. Cigarette use was seen in approximately one seventh (14.7%).
Hypoalbuminemia was seen in 38.3% of the cases. The most common
histology was squamous cell carcinoma (75.8%), and the majority of
our study patients had locally-advanced disease (56.1%). The most



Table 1
Patient demographics.

All VTE (+) VTE (−) P-Value

N = 798 (100%) n = 98 (12.3%) n = 700 (87.7%)

Age (years) 48.9 (15.6–88.7) 51.3 (21.8–83.5) 48.8 (15.6–88.7) 0.06
Ethnicity 0.11

Caucasian 65 (8.1%) 5 (5.1%) 60 (8.6%)
Black 50 (6.3%) 11 (11.2%) 39 (5.6%)
Hispanic 575 (72.1%) 73 (74.5%) 502 (71.7%)
Asian 104 (13.0%) 9 (9.2%) 95 (13.6%)
Others 4 (0.5%) 0 4 (0.6%)

BMI (kg/m2) 28.0 (16.5–58.3) 27.5 (18.4–53.1) 28.1 (16.5–58.3) 0.41
Hypertension 0.11

No 586 (74.9%) 67 (68.4%) 519 (75.9%)
Yes 196 (25.1%) 31 (31.6%) 165 (24.1%)

Diabetes mellitus 0.49
No 672 (85.9%) 82 (83.7%) 590 (86.3%)
Yes 110 (14.1%) 16 (16.3%) 94 (13.7%)

Hypercholesterolemia 0.45
No 719 (91.9%) 92 (93.9%) 627 (91.7%)
Yes 63 (8.1%) 6 (6.1%) 57 (8.3%)

Cigarette use 0.63
No 661 (85.3%) 82 (83.7%) 579 (85.5%)
Yes 114 (14.7%) 16 (16.3%) 98 (14.5%)

Laboratory results
WBC (×109/L) 8.3 (2.6–30.0) 8.8 (2.7–22.0) 8.2 (2.6–30.0) 0.018
Platelet (×109/L) 301 (23–964) 319 (119–782) 296 (23–964) 0.015
Hemoglobin (g/dL) 12.2 (3.7–17.0) 11.9 (3.7–17.0) 12.3 (3.8–16.0) 0.031
BUN (mg/dL) 12.0 (2–173) 12.0 (4.0–80.0) 12.0 (2.0–173.0) 0.53
Creatinine (mg/dL) 0.6 (0.3–16.7) 0.6 (0.3–7.4) 0.6 (0.3–16.7) 0.60
HCO3 (mEq/L) 25.0 (10.0–33.0) 25.0 (16.0–31.0) 25.0 (10.0–33.0) 0.36
Albumin (g/dL) 4.1 (2.0–5.3) 3.8 (2.1–4.9) 4.1 (2.0–5.3) b0.001

Histology 0.34
Squamous cell 605 (75.8%) 77 (78.6%) 528 (75.4%)
Adenocarcinoma 138 (17.3%) 17 (17.3%) 121 (17.3%)
Adenosquamous 32 (4.0%) 4 (4.1%) 28 (4.0%)
Others 23 (2.9%) 0 23 (3.3%)

Stage b0.001
Early stage† 290 (36.6%) 16 (16.7%) 274 (39.4%)
Locally advanced stage 444 (56.1%) 63 (65.6%) 381 (54.7%)
Distant metastasis 58 (7.3%) 17 (17.7%) 41 (5.9%)

Primary hysterectomy b0.001
No 576 (72.2%) 86 (87.8%) 490 (70.0%)
Yes 222 (27.8%) 12 (12.2%) 210 (30.0%)

WPRT* b0.001
No 316 (39.6%) 23 (23.5%) 293 (41.9%)
Yes 482 (60.4%) 75 (76.5%) 407 (58.1%)

Systemic chemotherapy b0.001
No 718 (90.0%) 71 (72.4%) 647 (92.4%)
Yes 80 (10.0%) 27 (27.6%) 53 (7.6%)

Bold numbers indicate significance at P b 0.05.
Number (%) ormean (±SD) is shown.Mann-Whitney U test, Fisher's exact test, or chi-square test for P-values (comparison between VTE cases versus non-VTE cases). Significant P-values
are emboldened. 16missing data for hypertension, diabetesmellitus, and hypercholesterolemia; 23missing data for smoker; 11missing data forWBC, Platelet and Hemoglobin; 29miss-
ing data for albumin, BUN, creatinine and HCO3; and 6 missing data for stage. †treatment patterns included: primary hysterectomy n=210, excision alone n=27, radiotherapy n=27,
lost to follow-up n = 15, declined treatment n = 7, no record n = 3, and aborted hysterectomy n = 1. *426 (88.4%) patients received concurrent chemo-radiotherapy. Abbreviations:
WBC, white blood cell; BUN, Blood urea nitrogen; HCO3, bicarbonate; WPRT, whole pelvic radiation therapy; and VTE, venous thromboembolism.
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common primary treatment modality was WPRT (60.4%). Among 482
patients who received WPRT, 426 (88.4%) patients received concurrent
chemo-radiotherapy with cisplatin being the most common agent
(94.1%). Among chemotherapy regimens used for the primary treat-
ment, cisplatin/gemcitabine was the most common regimen given in
42 (52.5%) patients (Table S1).

VTE was recorded in 98 (12.3%, 95%CI 11.6–22.8) cases with 1-, 2-,
and 5-year cumulative incidences after cervical cancer diagnosis being
8.4%, 11.3%, and18.7%, respectively (Fig. 1A). VTE casesweremore likely
to have higher WBC counts and platelet counts while having lower he-
moglobin and albumin levels (all, P b 0.05; Table 1). Patients who devel-
oped VTE were more likely to have locally-advanced stage and have
distantmetastasis compared to non-VTEpatients (P b 0.001). Character-
istics of VTE were shown in Table S2. DVT alone was the most common
type of VTE (85.4%) followed by DVT/PE (8.3%) and PE alone (6.3%). Me-
dian time to develop VTE was 9.2 months, and the most common time
frame of VTE development after cervical cancer diagnosis was VTE
after 6months fromcervical cancer diagnosis (59.3%) and approximate-
ly onefifth of patients developedVTEwithin 1month from cervical can-
cer diagnosis (18.8%). Therewere 7 cases (0.9%) of VTE diagnosed at the
time of cervical cancer diagnosis. Therewas no occurrences of postoper-
ative VTE within 30 days after hysterectomy for stage IA1–IB1 cervical
cancer cases. Among 57 women who developed VTE 6 months after
the initial cervical cancer diagnosis, there were 45 cases (78.9%) with
active/ongoing cancer. Similarly, there were 25 cases of VTE diagnosed
2 years or later from the initial cervical cancer diagnosis: of those, 20
cases (80%) were associated with recurrent/progressed disease.
LMHW alone was the most common treatment approach (70.5%), and
there were 15 (15.3%) patients who received an IVC filter.

Because VTE is a time-dependent event after cervical cancer diagno-
sis, survival analysis was performed to determine independent predic-
tors for developing VTE (Table 2). On multivariable analysis, albumin
level at cervical cancer diagnosis (Fig. 1B), stage (Fig. 1C), and systemic
chemotherapy (Fig. 1D) remained independent risk factors associated
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Fig. 1. Cumulative incidence curves for venous thromboembolism. Log-rank test for P-value. Cumulative risks for VTE are shown for all cases (panel A), albumin level at cervical cancer
diagnosis (panel B), cancer stage (panel C), and systemic chemotherapy for the initial treatment (panel D). Number at risk indicates patients who had VTE and who were censored in
each time point period. Events for VTE are shown as proportional upward changes in the Kaplan-Meier curves. Censored cases (active surveillance or lost to follow-up) are shown as ver-
tical bars. Abbreviation: VTE, venous thromboembolism.

Table 2
Independent risk factors of venous thromboembolism.

Univariate Multivariable

No. 2-yr (%) HR (95%CI) P-Value HR (95%CI) P-Value

Age (per unit) 798 1.02 (1.00–1.04) 0.035
Stage b0.001

Early stage 290 4.1% 1 1
Local advanced 444 13.4% 3.11 (1.80–5.39) 2.46 (1.37–4.43) 0.004
Distant metastasis 58 44.8% 12.8 (6.29–26.0) 4.13 (1.60–10.7) 0.003

Laboratory results
WBC (per unit) 798 1.09 (1.04–1.15) 0.001
Platelet (per unit) 798 1.00 (1.00–1.01) b0.001
Hemoglobin (per unit) 798 0.87 (0.80–0.94) 0.022
Albumin (per unit) 798 0.41 (0.28–0.58) b0.001 0.59 (0.40–0.85) 0.005

Primary hysterectomy b0.001
No 576 14.6% 1
Yes 222 4.0% 0.28 (0.15–0.50)

WPRT 0.015
No 316 8.2% 1
Yes 482 12.7% 1.79 (1.11–2.88)

Systemic chemotherapy b0.001
No 718 8.5% 1 1
Yes 80 37.0% 4.74 (3.00–7.47) 2.46 (1.30–4.66) 0.006

Log-rank test for univariable analysis (among all covariates tested in Table 1, only significant covariates are listed). A Cox proportional hazard regression model for multivariable analysis
(conditional backwardmethod). Significant P-values are emboldened. Abbreviations: HR, Hazard ratio; 95%CI, 95% confidence interval; 2-yr (%), 2-year cumulative proportion; andWPRT,
whole pelvic radiation therapy.

408 K. Matsuo et al. / Gynecologic Oncology 142 (2016) 405–412



409K. Matsuo et al. / Gynecologic Oncology 142 (2016) 405–412
with developing VTE. Specifically, distant metastatic disease (2-year cu-
mulative incidence of VTE 44.8%, HR 4.13, 95%CI 1.60–10.7, P = 0.003)
and locally-advanced disease (13.4%, HR 2.46, 95%CI 1.17–4.43, P =
0.004) were independently associated with increased risk of VTE com-
pared to early-stage disease (4.1%). In addition, low albumin level (HR
per unit change, 0.59, 95%CI 0.40–0.85, P=0.005) and systemic chemo-
therapy treatment (HR 2.46, 95%CI 1.30–4.66, P = 0.006) remained in-
dependent risk factors associated with increased risk of VTE. When
chemotherapy regimens were compared, the cisplatin and gemcitabine
combination regimen had a higher cumulative incidence of VTE com-
pared to other regimens but it did not reach statistical significance (2-
year cumulative incidence rate, 45.8% versus 26.7%, HR 2.07, 95%CI
0.92–4.66, P = 0.08). Similarly, among cases who received concurrent
chemoradiotherapy, use of cisplatin radiosensitization was associated
with higher cumulative risk of VTE compared to non-cisplatin counter-
parts although it did not reach statistical significance (2-year cumula-
tive incidence rate, 12.4% versus 0%, P = 0.14).

Among 80womenwho received systemic chemotherapy for the ini-
tial treatment, there were 11 (13.8%, 95%CI 6.2–21.3) cases who devel-
oped VTE during or within a month after completion of chemotherapy
(n = 7, 63.6% during chemotherapy; and n = 3, 27.3%, 2 weeks after
completion of chemotherapy; and n = 1, 9.1%, 1 month after
Fig. 2. Survival curves and cumulative risk of venous thromboembolism. Log-rank test for P-valu
ified by VTE. (C) 2-year cumulative incidence and risk for VTE based on patient factor (albumin
rence, progression, or cervical cancer death in each time point period. Events for survival are sho
surveillance or lost to follow-up) are shown as vertical bars. Abbreviations: VTE, venous thromb
level ≥4.0 g/dL at cervical cancer diagnosis.
completion of chemotherapy). There were 3 (27.3%) women who de-
veloped DVT/PE. The risk of developing VTE during and within
1 month after chemotherapy was significantly higher in the combina-
tion regimen with cisplatin and gemcitabine (11 out of 42 cases,
26.2%) compared to other regimens (0 out of 38 cases, P b 0.001). Sim-
ilarly, VTE risk during systemic chemotherapy was significantly higher
in the cisplatin/gemcitabine regimen compared to others (18.4% versus
0%, P = 0.013).

Among 114 recurrent cases, there were 30 cases (26.3%) in whom
VTE was diagnosed after recurrence of cervical cancer with 1-, 2-, and
5-year cumulative risks being were 3.8%, 7.3%, and 34.5%, respectively.
There were 7 women with recurrent disease in whom VTE was diag-
nosed during salvage chemotherapy (5 cases during the first line regi-
men [cisplatin doublet 4 cases, and carboplatin doublet 1 case], 1 case
during the 3rd line regimen with pemetrexed, and 1 case during the
4th line regimen with cisplatin).

Survival analysis was performed.Median follow-up times of patients
who died of cervical cancer and patients without evidence of disease
were 21.7 and 40.7 months, respectively (entire cohort, 22.8 months).
There were 239 (29.0%) patients who developed recurrence/progres-
sion of cervical cancer, and there were 74 (9.3%) patients who died of
disease. No patient died of VTE. There were 31 cases who were lost to
e. (A) Progression-free survival stratified byVTE. (B) Disease-specific overall survival strat-
level) and tumor factor (cancer stage). Number at risk indicates patients who had recur-
wn as proportional downward changes in the Kaplan-Meier curves. Censored cases (active
oembolism; Alb↓, albumin level b4.0 g/dL at cervical cancer diagnosis; and Alb↑, albumin
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follow-up within 1 month after cervical cancer diagnosis. On univariate
analysis, VTEwas significantly associated with decreased PFS compared
to non-VTE (5-year rates, 22.3% versus 68.7%, P b 0.001; Fig. 2A). After
controlling for other significant covariates, VTE remained an indepen-
dent prognostic factor associated with decreased PFS on multivariable
analysis (HR 1.95, 95%CI 1.43–2.67, P b 0.001; Table 3). The magnitude
of this statistical significance was the third highest in the model. Other
independent prognostic factors for PFS included BUN and albumin
levels, stage, primary hysterectomy, and WPRT (all, P b 0.01). Among
thosewho received systemic chemotherapy, 2-year PFS rateswere sim-
ilar between cisplatin/gemcitabine combination versus others (30.0%
versus 23.4%, P = 0.70).

For OS, patients who developed VTE had a significantly lower 5-year
rate compared to patients without VTE (55.1% versus 90.0%, P b 0.001;
Fig. 2B). Onmultivariable analysis, VTE remained an independent prog-
nostic factor associated with decreased OS (HR 3.54, 95%CI 2.04–6.13,
P b 0.001). Other independent prognostic factors for OS included plate-
let counts, albumin levels, histology, stage, primary hysterectomy, and
WPRT (all, P b 0.01; Table 4). Among those with significant covariates
in multivariable analysis, VTE had the second largest magnitude of sta-
tistical significance following behind distant metastatic disease (HR
5.12, 95%CI 1.60–16.4, P = 0.006).

Lastly, 2-year cumulative incidence of VTEwas stratified by the com-
bination patterns of stage and albumin levels at cervical cancer diagno-
sis (Fig. 2C). Risks of VTE were similar between distant metastatic
disease without hypoalbuminemia and locally-advanced disease with
hypoalbuminemia (2-year cumulative incidence, 20.4% versus 19.3%,
P = 0.77). However, risk of VTE was significantly elevated when
Table 3
Multivariable analysis for progression-free survival.

Univaria

No. 5-yr (%) HR (95%

Age (per unit) 798 1.02 (1.0
Ethnicity

Caucasian 65 64.6% 1
Black 50 39.8% 2.10 (1.1
Hispanic 575 63.8% 0.91 (0.5
Asian 104 54.9% 1.36 (0.7

Laboratory results
WBC (per unit) 798 1.07 (1.0
Platelet (per unit) 798 1.00 (1.0
Hemoglobin (per unit) 798 0.80 (0.7
BUN (per unit) 798 1.02 (1.0
Creatinine (per unit) 798 1.18 (1.1
HCO3 (per unit) 798 0.92 (0.8
Albumin (per unit) 798 0.35 (0.2

Histology
Squamous cell 605 60.6% 1
Adenocarcinoma 138 66.9% 0.83 (0.5
Adenosquamous 32 61.6% 0.92 (0.4
Other 23 47.4% 2.07 (1.1

Stage
Early stage 290 90.5% 1
Locally-advanced stage 444 51.1% 6.87 (4.3
Distant metastasis 58 42.5% 39.4 (23

Primary hysterectomy
No 576 49.7% 1
Yes 222 89.6% 0.15 (0.0

WPRT
No 316 75.5% 1
Yes 482 54.8% 1.57 (1.1

Systemic chemotherapy
No 718 67.4% 1
Yes 80 18.0% 4.70 (3.5

VTE
No 700 68.7% 1
Yes 98 22.3% 3.24 (2.4

Log-rank test for univariable analysis (among all covariates tested in Table 1, only significant co
(conditional backwardmethod). Significant P-values are emboldened. Abbreviations: HR, Hazar
BUN, Blood urea nitrogen; HCO3, bicarbonate; VTE, venous thromboembolism; and WPRT, wh
women had hypoalbuminemia in the setting of distant metastatic dis-
ease (yes versus no, 53.2% versus 20.4%, P = 0.023).

4. Discussion

Themain finding of our studywas that VTE occurrencewas associat-
ed with decreased survival outcomes in women with cervical cancer.
Furthermore, this study identified independent risk factors for VTE de-
velopment in cervical cancer including advanced-stage disease, low
serum albumin level, and receiving systemic chemotherapy.

To date, there are limited data regarding incidence and risk factors
associated with VTE in cervical cancer [6]. In our study, overall 2-year
cumulative incidence of VTE was 11.3%, but there was a
disproportionally elevated risk of developing VTE in distant metastatic
disease in cervical cancer with 2-year cumulative incidence being
44.8%. When hypoalbuminemia is present in the setting of distant met-
astatic disease, the risk of developing VTE exceeds N50% (2-year cumu-
lative incidence, 53.2%). This risk of VTE in metastatic cervical cancer is
significantly higher than what previous studies reported for VTE inci-
dence in stage IV cervical cancer (27.8%) [12] and is comparable to
other known thrombogenic gynecologic malignancies such as
advanced-stage ovarian clear cell cancer (43.1%) and advanced-stage
high-risk endometrial cancer with risk factors (42.9–46.2%) [4,13].
While the exact mechanism of increased VTE risk in distant metastatic
cervical cancer is not known, a possible role of interleukin 6 (IL-6)
may be of interest. That is, cervical cancer is associated with an in-
creased expression of IL-6 that is associated with tumor growth via
the vascular endothelial growth factor pathway [14,15]. This IL-6
te Multivariable

CI) P-Value HR (95%CI) P-Value

1–1.03) b0.001
0.001

3–3.91)
5–1.49)
6–2.44)

3–1.10) b0.001
0–1.01) b0.001
7–0.84) b0.001
1–1.03) b0.001 1.01 (1.00–1.02) 0.002
2–1.25) b0.001
8–0.96) b0.001
8–0.43) b0.001 0.66 (0.51–0.86) 0.002

0.047

8–1.18)
7–1.80)
5–3.71)

b0.001
1

6–10.8) 6.62 (3.36–13.0) b0.001
.5–66.2) 22.0 (10.9–44.4) b0.001

b0.001
1

9–0.24) 0.36 (0.19–0.68) 0.002
0.002

1
7–2.10) 0.26 (0.17–0.39) b0.001

b0.001

1–6.28)
b0.001

1
5–4.29) 1.95 (1.43–2.67) b0.001

variates are listed). A Cox proportional hazard regression model for multivariable analysis
d ratio; 95%CI, 95% confidence interval; 5-yr (%), 5-year proportion;WBC,white blood cell;
ole pelvic radiation therapy.
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mediated tumor progression and VTE development may partly suggest
an association of distantmetastatic cervical cancer and an increased risk
of VTE found in our study [13].

In this study, patients receiving chemotherapy were more likely to
develop VTE. It is now well recognized that chemotherapy increases
the risk of VTE in cancer patients. A recent study showed that chemo-
therapy can increase the risk of VTE in cancer patients from 4.1–6.5
folds [16]. The most common chemotherapeutic agent in our study
was cisplatin followed by gemcitabine. In a large number of studies, in-
creased risk of VTE with cisplatin has been shown in a panel of solid tu-
mors [17]. The salient mechanism of cisplatin-associated thrombosis
may be due to endovascular toxicity increasing von Willebrand factor
and to endothelial cell damage by procoagulant microparticles [17,18].
Gemcitabine is known to increase the risk of VTE [19], however, a recent
meta-analysis of 19 clinical trials did not show a statistical difference in
VTE risk between gemcitabine and non-gemcitabine regimens [20]. The
role of gemcitabine in the coagulation cascade and hemostasis is largely
unknown with explanations including increased platelet aggregation
and activation of the coagulation cascade.

In our study, all the VTE events during systemic chemotherapy were
seen in the combination regimen with cisplatin and gemcitabine. Nev-
ertheless, it will be premature to conclude that this regimen is associat-
ed with increased VTE risk in cervical cancer for several reasons. First,
cisplatinwas used in themajority of cases that made statistical compar-
ison to non-cisplatin counterparts difficult. Second, other factors such as
prolonged immobilization and preexisting coagulation abnormalities
likely put the patients who are receiving chemotherapy at higher risk
for thrombosis, and these were not controlled for in this analysis.
Table 4
Multivariable analysis for disease-specific overall survival.

Univaria

No. 5-yr (%) HR (95%

Ethnicity
Caucasian 65 92.4% 1
Black 50 56.8% 3.00 (1.0
Hispanic 575 86.8% 0.88 (0.3
Asian 104 82.6% 1.15 (0.3

Cigarette use
No 661 87.4% 1
Yes 114 69.2% 2.07 (1.1

Laboratory results
WBC (per unit) 798 1.10 (1.0
Platelet (per unit) 798 1.00 (1.0
Hemoglobin (per unit) 798 0.83 (0.7
BUN (per unit) 798 1.02 (1.0
Creatinine (per unit) 798 1.16 (1.0
Albumin (per unit) 798 0.32 (0.2

Histology
Squamous cell 605 83.6% 1
Adenocarcinoma 138 93.6% 0.39 (0.1
Adenosquamous 32 86.9% 0.63 (0.1
Other 23 67.3% 3.14 (1.3

Stage
Early stage 290 96.8% 1
Locally-advanced stage 444 80.8% 5.09 (2.4
Distant metastasis 58 25.2% 37.1 (15

Primary hysterectomy
No 576 78.7% 1
Yes 222 98.0% 0.13 (0.0

Systemic chemotherapy
No 718 89.1% 1
Yes 80 46.3% 6.90 (4.2

VTE
No 700 90.0% 1
Yes 98 55.1% 4.65 (2.9

Log-rank test for univariable analysis (among all covariates tested in Table 1, only significant co
(conditional backwardmethod). Significant P-values are emboldened. Abbreviations: HR, Hazar
BUN, Blood urea nitrogen; and VTE, venous thromboembolism.
The high risk of VTE in the setting of metastatic or recurrent cervical
cancer in women receiving combination cisplatin based chemotherapy
raises the question as to whether VTE prophylaxis should be considered
in this population especially given the possible role of LMWH in improv-
ing outcome [22,23]. However, LMWH is both expensive and might be
problematic in a population prone to bleeding because of previous irra-
diation and the common presence of a pelvic tumor. These consider-
ations, in combination with the fact that no woman died of VTE in this
study, do not allow us to make a recommendation of LMWH use in all
women being treated with chemotherapy for metastatic or recurrent
cervical cancer. The decision as to whether to consider LMWH prophy-
laxis should be individualized based on each patient's particular
characteristics.

The last independent risk factor for VTE formation was low albumin
level. Low albumin level is also associated with poor prognosis in our
study. In a recent study, low albumin level in cancer patients was asso-
ciated with increased risk of VTE andmortality [24]. Themechanism for
this association is not well understood. However, it has been suggested
that lower albumin levels may be associatedwith higher fibrinogen and
factor VIII levels, which can reflect a hypercoagulable tendency [25]. It
has also has been proposed that low albumin levels may lead due to in-
creased liver protein synthesis, resulting in high concentrations of
procoagulant factors [26]. Last, low albumin levels are considered indic-
ative of poor general health and low daily activity, which can predispose
patients to a higher risk of VTE related to venous stasis. In the present
study, univariate analysis showed that WBC, platelet, and hemoglobin
levels were also associated with increased risk of VTE. Many of these
risk factors are consistent with earlier studies showing that elevated
te Multivariable

CI) P-Value HR (95%CI) P-Value

0.006

2–8.78)
5–2.20)
9–3.45)

0.009

9–3.61)

4–1.17) 0.001
0–1.01) b0.001 1.00 (1.00–1.01) 0.039
5–0.91) 0.001
1–1.03) 0.008
3–1.30) 0.014
1–0.47) b0.001 0.46 (0.29–0.72) 0.001

0.001
1

7–0.91) 0.37 (0.16–0.87) 0.023
6–2.59) 0.87 (0.21–3.62) 0.85
5–7.27) 3.37 (1.37–8.27) 0.008

b0.001
1

1–10.8) 1.25 (0.46–3.44) 0.66
.6–88.3) 5.12 (1.60–16.4) 0.006

b0.001
1

5–0.33) 0.22 (0.06–0.77) 0.018
b0.001

3–11.3)
b0.001

1
0–7.45) 3.54 (2.04–6.13) b0.001

variates are listed). A Cox proportional hazard regression model for multivariable analysis
d ratio; 95%CI, 95% confidence interval; 5-yr (%), 5-year proportionWBC, white blood cell;
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platelet counts, increased WBC counts and low hemoglobin are associ-
atedwith associatedVTE [27,28]. However, these studies did not control
for albumin level. In our study, after multivariable analysis controlled
for albumin level, these hematologic parameters were no longer signif-
icant for progression-free survival.

A strength of this study is that comprehensive analyses were per-
formed to examine the significance of VTE in cervical cancer with a rel-
atively large patient population. A weakness is that this was a
retrospective study that may have missed possible confounding factors.
For instance, this study did not examine biologic factors such as plasma
level of coagulation factors. The relatively short follow-up timemay lead
to us missing possible VTE and survival events due to lead-time bias;
however, this study chose a time-dependent analysis in consideration
of this weakness. Among censored cases, this study was unable to dis-
tinguish women lost to follow-up from women undergoing active sur-
veillance due to its retrospective nature. In addition, our study
population was predominantly Hispanic, thus our findings might not
be generalizable to other populations. A limitation is that systemic che-
motherapy was only examined for the initial treatment but not for re-
current/progressive disease. Finally, universal laboratory testing and
imaging for VTE was not performed in this study whichmay underesti-
mate the truenumber of VTE incidents including subclinical thrombosis.

In summary, VTE is amarker for aggressive tumor behavior and poor
patient condition, and is associated with poor survival in women with
cervical cancer. The role of IL-6 in VTE development and tumor progres-
sion in cervical cancer is an important research question. If IL-6 is found
to be a mechanism linking VTE formation and cancer progression,
targeting the IL-6 pathway may have a possible therapeutic role in ad-
vanced cervical cancer. Since statins target the IL-6 pathway and reduce
by IL-6 levels, womenwith advanced cervical cancermight benefit from
statin use [29]. Statins are also reported to reduce the risk of overall
cancer-related mortality demonstrated in a population-based study
[30]. To our knowledge, there is no prior study which examined the as-
sociation between statin use and risk of VTE in cancer patients, and the
possible dual effect of statins merits future investigation.
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