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Introduction: Prospective studies of chemotherapy-associated VTE in cancer patients undergoing neoadjuvant
chemotherapy in combination with curative intended surgery have not been reported for upper gastrointestinal
cancer. In this clinical prospective study, we sought to estimate the incidence of VTE in esophagogastric cancer
(OEC) patients scheduled for a specific perioperative chemotherapy regime: oxaliplatin, capecitabine, and
epirubicin, (EXE) and curative intended surgery.
Material and Methods: A total of 129 consecutive OEC patients were examined using state-of-the-art bilateral
compression ultrasound (biCUS) for deep vein thrombosis (DVT) before undergoing preoperative chemotherapy,
surgery, and postoperative chemotherapy. In addition 79were also consecutively scanned at baseline for pulmo-
nary embolism (PE) using state-of-the-art computer tomography pulmonary angiography (CTPA).
Results: Therewere 21 VTE cases throughout the course of treatment (16%, 95% confidence interval [95% CI]: 10 –

24%) among the patients examined using both biCUS and CTPA. Fourteen of 21 VTE was incidental (68%, 95% CI:

43 –85) and 7 VTE events was symptomatic (33%, 15 – 57). The median overall survival was 18 months (95% CI:
13 – 24) in patients without any VTE and 14months (95% CI: 7 –30, P = 0.820) in patients with VTE. The cancer
stage (adjusted odds ratio [OR]: 5.2, 95% CI: 1 – 21, p = 0.002) and gastric cancer (OR 6.4, 95% CI: 2 – 21, P =
0.002) was a significant predictor of VTE.
Conclusion: The incidence of VTE in patients undergoing EXE neoadjuvant chemotherapy was high, particularly
among patients with initial stage III and IV cancers. In addition, a substantial number of chemotherapy-related
VTE cases were asymptomatic.
© 2015 Elsevier Ltd. All rights reserved.
Introduction

There is a great risk of venous thromboembolism (VTE) in cases of
upper gastrointestinal (GI) cancer [1]. Although the exact nature of
this association remains unknown, it is dependent upon the use of che-
motherapy in for instance advanced gastroesophageal junction (GEJ)
cancer [2]. Cancer patients with VTE have reduced overall survival
stinal Surgery, Clinical Cancer
vej 18-22, DK-9000 Aalborg,
rates [3], but the VTE-associated death in cancer patients receiving che-
motherapy, particularly outpatients, has not been examined efficiently
[4]. Esophagogastric cancer comprises lower esophagus (LOE) cancer,
GEJ cancer, and gastric cancer (GC). These diseases share similarities
in histopathological origin, tumor growth, and diagnosis. Until recently,
the standard treatment for esophagogastric cancer consisted of inten-
tional curative resection or palliative chemotherapy and curative
intended chemotherapy only in select cases (e.g., chemo-radiotherapy
according to theMacdonald criteria, in patients with high postoperative
recurrence rates) [5]. Surgical resection alone as a primary intervention
results in a poor prognosis, with a five-year survival rate as low as 20 to
30% [6,7]. However, after the MAGIC multicenter trial and the French
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study FNLCC ACCORD07-FFCD 9703 (ACCORD07) both showed a bene-
ficial effect of perioperative chemotherapy on survival, these regimes
are now adapted to the national guidelines for esophagogastric cancer
treatment in Denmark [8,9]. The VTE frequencies are only studied in ret-
rospective analyses of these novel perioperative regimes with the com-
bined use of chemotherapy and surgery [2,10].

With the development of more advanced computed tomography
(CT) methods, particularly the multidetector CT scanner, the detection
of incidental pulmonary embolism has increased [11]. Indeed, a recent
retrospective study indicated a high frequency, and that incidental
and manifest symptomatic VTE might have the same recurrence rate,
with the same negative effect on overall survival [12]. International
guidelines now recommend that both symptomatic and incidentally
found VTE should be reported in prospective studies [13].

The aim of this prospective study was to estimate the frequency of
VTE in patients with esophagogastric cancer receiving curative chemo-
therapy compared to surgery alone, palliative chemotherapy, and best
supportive care. The presence of VTE was investigated upon entrance
to the study and at regular time intervals for all participants, regardless
of whether they demonstrated symptoms.

Material and Methods

Clinical Observational Study

Supplementary Fig. 1 depicts the consecutive inclusion of eligible pa-
tients admitted to the Department of Gastrointestinal Surgery between
February 2008 and February 2011. Patientswith a biopsy-provenor ten-
tative diagnosis of upper GI cancer were considered for inclusion. The
following exclusion criteria were applied: previous (within the past 3
years) or concomitant cancer of any origin, known immunological con-
nective tissue disease, mental disorder, and treatment with heparin,
low-molecular-weight heparin or vitamin K antagonists at the time of
study inclusion or during previous VTE episodes. Only patientswhopro-
vided written and oral informed consent were included. The following
data were collected for all patients: age, gender, tumor location, tumor
site (T), lymph node involvement (N), distant metastasis (M), tumor
stage, Charlson Comorbidity Index (CCI) [14], andWorld Health Organi-
zation (WHO) performance status (0 – asymptomatic, 1 – symptomatic
but completely ambulatory, 2 – symptomatic with b50 percent of time
spent in bed during the day, 3 – N50percent of time spent in bed but not
confined to bed rest, and 4 – confined to bed rest and completely dis-
abled). Tumor stage was assessed according to the Union for Interna-
tional Cancer Control (UICC) 6th Edition of the TNM-classification
[15]. Data were collected using Epidata® software (The Epidata Associ-
ation, Odense, Region South, Denmark).

The study was approved by the Local Ethics Committee of
Region North Jutland, Denmark (N-20080002) and registered at
clinicaltrials.gov (NCT00660205).

Diagnosis and Cancer Staging

Staging included diagnostic CT of the thorax and abdomen or posi-
tron emission tomography CT (PET-CT) and laparoscopic ultrasound in
combination with endoscopic ultrasound (EUS).

Diagnosis of Deep Vein Thrombosis (DVT)

Bilateral compression ultrasound (biCUS) of the entire leg was per-
formed by one of two experienced ultrasonographers to diagnose DVT,
according to the applicable standards. Each patient was scanned at his/
her first visit to the department (baseline) for a diagnostic cancer
work-up. The scans were performed using a high-end scanner (Logiq
9; GE Medical systems, Milwaukee, Wisconsin, USA) on the femoral,
popliteal and calf veins with patients in the upright position (gray
scale, B-mode, color Doppler). For patients receiving preoperative
chemotherapy (perioperative chemotherapy group), a second scan
was performed the day before curative intended surgery and at the
end of preoperative chemotherapy, thus defining the preoperative
phase from baseline to surgery (see Table 2). After postoperative dis-
charge, patients who attended preoperative chemotherapy and those
who did not were scanned, thus defining the perioperative phase. Pa-
tients capable of starting postoperative chemotherapy were scanned
after 3months, thus defining thepostoperative phase. Then, the patients
entered the follow-up phase and received biCUS every three months
until censoring or at the end of the study (1-24 months). The patients
who were not candidates for preoperative treatment or radical surgery
received a scan after 1 month and, subsequently, every three months
(palliative group and best supportive group).

Diagnosis of Pulmonary Thromboembolism (PE)

CT or PET-CT scans performed during the initial routine cancer stag-
ing included an arterial-phase scan covering the pulmonary arteries
(i.e., CT pulmonary angiogram [CTPA]) to diagnose pulmonary embo-
lism (PE). CTPA analysis consisted of state-of-the-art examinations
and performed consecutively from February 2009 (at baseline) upon
entrance to the protocol. From this time point, the CTPA methods met
the highest technical standard. After inclusion, CTPA was performed
on the clinical suspicion of PE in cases with elevated D-dimer (DD)
levels and when a DVT was diagnosed either at the time of biCUS de-
fined by the protocol or in patients showing symptoms during the can-
cer treatment.

Surgery and Thromboprophylaxis

Patients underwent intended curative gastrectomy for GC or a two-
step thoracic-abdominalesophagogastrectomy for LOE or GEJ. During
the perioperative phase after surgery, all patients received standard
thromboprophylaxis consisting of graded compression stockings and
subcutaneous administration of 5,000 IU of Dalteparin once daily
(10,000 IU in patients with LOE and GEJ cancer). This prophylaxis
began two hours prior to the operation and continued until discharge
from the surgical department.

Preoperative Chemotherapy or Chemoradiotherapy

From May 2008, the multidisciplinary team conference (MDT) allo-
cated suitable patients with resectable disease to receive adjuvant che-
motherapy. These patients were scheduled for three preoperative series
and three postoperative series of EXE chemotherapy. The EXE regimen
consisted of oxaliplatin (130 mg/m2) and epirubicin (50 mg/m2) on
day 1 in each series, which occurred every 3weeks, combinedwith con-
tinuous peroral capecitabine (500 mg/m2 twice daily) throughout the 2
x 3 series, both preoperatively and postoperatively. The patients re-
ceived standard anti-emetics consisting of prednisone, ondansetron
and metoclopramide.

In LOE cases of squamous cell carcinoma or adenocarcinoma with a
squamous cell carcinoma component, the treatment consisted of cura-
tive intended chemoradiotherapy (1.8 Gy/day for 25 days concomitant
with intravenous 5-flouruarcil (500mg/m2) once daily) either preoper-
atively or in select cases with abandoned surgery.

Palliative Chemotherapy

Patientswith disseminated diseasewere allocated primarily to three
different regimens, including an EXE regimen or a regimen consisting of
docetaxel, oxaliplatin, and capecitabine (TEX). In patients with heart
disease, EXE was administered without epirubicin (XELOX regimen).
Some patients went to a palliative regime of oxaliplatin, 5-flourouracil
and folinic acid (FOLFOX).



Table 1
Pretreatment characteristic of 129 patients with upper gastrointestinal tract cancer. Uni-
variate analysis of risk of Venous thromboembolism.

Incidence
of
VTE

Risk of VTE

n(%) n(%) Odds ratio (95% CI) P⁎

Age
b60 45 (34.9) 7 (15.6) 1.00
60-69 49 (38.0) 7 (14.3) 0.94 (0.29 – 2.82) 0.863
≥70 35 (27.1) 7 (20.0) 1.35 (0.43 – 4.31) 0.605

Median (range) 64 (35 – 84) 21 (16.3) 1.00 (0.96 – 1.05) 0.836
Sex

Male 97 (75.2) 16 (16.5)
Female 32 (24.8) 5 (15.6) 0.94 (0.31 – 2.80) 0.908

Tumor location
Lower esophagus 43 (33.3) 3 (7.0) 1.00
Esophago-gastric
junction

58 (45.0) 8 (13.8) 2.13 (0.53 – 8.57) 0.286

Stomach 27 (20.9) 10 (37.0) 7.84 (1.91 – 32.10) 0.004
Duodenum 1 (0.8) 0 (0.0) na

UICC-stage
I & II 48 (37.2) 3 (6.3) 1.00
III & IV 81 (62.8) 18 (22.2) 4.48 (1.19 – 15.42) 0.026

WHO performance score
0 94 (72.9) 16 (17.0) 1.00
1 26 (20.2) 3 (11.5) 0.63 (0.17 – 2.38) 0.501
2 9 (7.0) 2 (22.2) 1.39 (0.26 – 7.33) 0.696

Serum D-dimer level⁎
0.0 – 0.3 91 (70.5) 13 (14.3) 1.00
N0.3 38 (29.5) 8 (21.1) 1.60 (0.6 0– 4.25) 0.345

Abbreviations: Union for International Cancer Control 6th Edition (UICC),world health or-
ganization (WHO) 95% confidence interval (95% CI) venous thromboembolism (VTE).
⁎ Univariate logistic regression.
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Best Supportive Care

These patients received no active tumor treatment. The patientswho
were unsuitable for chemotherapy (i.e., requiring palliation) received
palliative radiotherapy of 30 Gy in 10 fractions.

Statistical Analysis

Age is presented asmedian and range. Frequencies of DVT and PE are
presentedwithmean and 95 per cent confidence intervals (95% CI). The
difference in prevalence of VTE between the treatment groups was an-
alyzed using Fisher’s exact test.

The following confounding factors that all may influence the risk of
VTE were analyzed by logistic regression with univariate and multivar-
iate logistic regression analysis: age, gender, tumor site, UICC stage,
WHO performance status. Odds ratios (OR) were calculated with 95%
CI. Variables with a P values of b0.050 were considered statistically sig-
nificant and entered into multivariable analysis.

The following confounding factors, all of which may influence the
risk of VTE, were analyzed using both univariate andmultivariate logis-
tic regression analyses: age (as a continuous variable), gender, tumor
site, UICC stage, andWHOperformance status (as categorical variables).
Odds ratios (OR) were calculated with 95% CIs. Variables with a P value
of b0.050were considered statistically significant. For each of these var-
iables, the hazard ratio (HR) for mortality was analyzed in relation to
overall survival (OS) from inclusion (diagnosis of cancer) using Cox pro-
portional hazards modeling on the outcome, death (overall survival).
VTE was analyzed as a time-dependent covariate in the model
predicting death, with the date of VTE dividing the risk between the
group without VTE and the VTE group. In an additional analysis, VTE
events were divided between symptomatic and asymptomatic events.
Proportionality assumptions of the model were met by the data. All
data were analyzed using STATA 11.2™ (STATACorp LP, College Station,
Texas, USA).

Results

Table 1 shows the characteristics of the included patients. In all, 129
consecutive patients were available for analysis and examined for DVT.
The difference in gender reflected the known gender-based difference
in the incidence of esophagogastric cancer (18 of the 101 patients
with esophagogastric cancer were women).

The patients were treatedwith surgery only (n= 17), perioperative
chemotherapy and surgery (n= 54), palliative chemotherapy (n= 44)
or best supportive care (n = 14) (Fig. 1).

Surgery Only

Seventeen patients were directly assigned to receive surgery only
(included in the study protocol before the implementation of perioper-
ative chemotherapy in the department). Four patients received a gas-
trectomy, and 13 received two-step esophagogastrectomy. Thirteen
patients achieved R0 resection. Four patients experienced cancer recur-
rence during the study period.

Perioperative Chemotherapy and Chemoradiotherapy

In total 54 patients with resectable diseasewere treated prior to sur-
gery. Forty of 50 patients scheduled for EXE (80%) received all 3 cycles of
EXE, and the remaining patients received only 1 or 2 cycles due to of
toxicities and debilitation.

Postoperatively, 28 patients received EXE (56%), and 15 received all
3 series. One patient received combined radiochemotherapy according
to the Macdonald criteria.

Twelve patients underwent gastrectomy, and 35 received two-
step esophagogastrectomy. Surgery was abandoned because of
debilitation (n = 1), comorbidity and PE (n = 1), and disease
progression (n = 1).

Four patients with LOE underwent preoperative chemoradiotherapy
and of these 3 had a two-step esophagogastrectomy resection.

Palliative Chemotherapy

Six patients experienced early recurrence after primary surgery and
went on to receive palliative chemotherapy.

As a first-line therapy, 26 patients received the ordinary EXE regi-
men in a palliative setting. Eight patients received XELOX, and eight pa-
tients received TEX. Two patients received FOLFOX. Eight patients were
capable of receiving second-line irinotecan-containing chemotherapy,
and six patients received second-line palliative radiotherapy.

Best Supportive Care

Eleven patients were unsuitable for any treatment. Three patients
were unsuitable for chemotherapy andwent on to receive first-line pal-
liative radiotherapy.

VTE

Table 2 shows that 17 (80.1%, 95%CI: 58.1 – 94.5) of 21 VTE events in
129 patients with upper GI cancer were treatment related. In three pa-
tients, the VTEoccurred at the timeof inclusion before the treatment de-
cisionweremade, and in one patient, the VTE occurredmore than three
months after last treatment (one of the VTE At M15 in Table 2). The fre-
quency of VTE was highest in the group receiving perioperative
chemotherapy.

Frequency of DVT

Detailed descriptions of DVT cases are shown in Table 3. Asymptom-
atic DVT patients were identified solely due to the study protocol



Fig. 1. Patient Flowchart.
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design. Five of 50 (10.0%, 95% CI, 3.5–20.7) patients with resectable dis-
ease who receiving perioperative chemotherapy developed DVT during
chemotherapy and before surgery (Table 3).
Frequency of PE

As the routine use of CTPA for preoperative staging was introduced
at our institution in February 2009, only consecutive patients (n =
79) studied after this time were examined using CTPA on entrance to
the study.

A description of the PE cases is shown in Table 3. Asymptomatic PE
cases were detected incidentally on routine CT scans during scheduled
chemotherapy treatment (n = 2). In the remaining cases, CTPA was
Table 2
Venous thromboemblism in lower esphagus-, gastroesopageal junction-, and gastric cancer.
Distribution according to various treatments and course of treatment.

*Including curative perioperative chemo-radiotherapy (n = 4).
Abbreviations:
protocol examination visit including surveillance duplex ultrasound of the legs: preoperatively b
before postoperative chemotherapy (periop); after postoperative chemotherapy phase (postop
performed upon clinical suspicion whenever clinical manifestations of
DVT or elevated D-dimer levels were found. Pulmonary embolism was
detected in four of 50 (8.0%, CI 2.2–19.2) patients who were scheduled
for perioperative chemotherapy. Fatal PEwas observed in oneof 129 pa-
tients (0.8%, CI 0.0 – 4.2).
Risk Factors

The univariate analysis of the estimated risk of VTE is shown in
Table 1. Tumors present in the stomach and patients with stage IV
disease had a significantly greater risk of VTE during the two-year
follow-up period. In the multivariate analysis, GC (OR 6.38, 95% CI:
1.96 – 20.80, P = 0.002)) and stage III and IV disease (OR 5.16, 95%
efore surgery but after preoperative chemotherapy (preop); at discharge after surgery but
); month 1-24 (M1 – M24). ¤Fisher exact test, 95% confidence interval (95% CI).



Table 3
Distribution of venous thromboembolism in upper gastrointestinal cancer.

Symptoms of VTE

n = 21 Yes no

DVT n (%, 95% CI) n (%, 95% CI)
-distal 3 5
-proximal 0 0
-distal and proximal 1 1

PE
-peripheral 2 0
-central 0 4

DVT and PE
-distal DVT and peripheral PE 1 2
-distal DVTand central PE 0 1
-distal DVTand peripheral and central
PE

0 1

Total 7 (33.3,
14.6 –57.0)

14 (67.7, 43.0 –

85.4)

Abbreviations: DVT: deep vein thrombosis, PE: pulmonary embolism, 95% CI: 95% confi-
dence interval.
Symptoms of VTE: shortness of breath, palpitations, swollen or painful leg etc.

806 A.C. Larsen et al. / Thrombosis Research 135 (2015) 802–808
CI: 1.29 – 20.73, P = 0.021) were identified as significant risk factors
for VTE.

Survival

After amedian follow-up period of 19.0months, there was a differ-
ence in median OS of 18.0 months (CI 13.1 – 24.4) among the cancer
patients without VTE compared to a median OS of 13.9 months (CI
6.9 – 30.3, P=0.820) in the 21 cancer patients who experienced a
VTE event. Patients with asymptomatic VTE (n = 14) had a median
OS of 13.9 months (95% CI: 5.0 – ∞ (not reached)) and patients with
symptomatic VTE (n = 7) had a median OS of 12.8 months (95% CI:
4.7 – 30.3). In the Cox proportional Hazards analyze on overall surviv-
al, patients with a VTE had no increased risk (HR 0.96, 95% CI: 0.53 –

1.74, P= 0.887). Thewas no difference between Patients with asymp-
tomatic VTE (HR 0.76, 95% CI: 0.37 – 1.62, P=0.500), and patient with
symptomatic VTE (HR 1.37, 95% CI: 0.59 – 3.18, P = 0.462).

Discussion

The frequency of VTE in esophagogastric cancer observed in this
study (16.3%, see Table 2)wasmuch greater than the previously report-
ed rates among esophagogastric cancer patients [16,17], mainly due to
the systematic use of biCUS. This frequency was greatest in the group
allocated to receive perioperative chemotherapy, with approximately
half of the events occurring before surgery and the other half related
to surgery. This frequency was also substantially higher than that
observed in the patients receiving only surgery, indicating that the che-
motherapeutic regimen might be thrombogenic. The frequency of
events was the same for the patients receiving palliative chemotherapy
(consisting of the same substances as the EXE regimes) with amore ad-
vanced disease stages; the vast majority of events occurred during the
first three months after diagnosis.

This study is the first to show prospectively collected data
concerning the frequencies of incidental and symptomatic VTE during
the course of curative and palliative intended regimens. Although our
study only included 129 patients, the systematic use of biCUS strongly
suggests that the frequency of VTE ismuch greater than that previous-
ly reported for these types of cancer [2]. VTE was detected during
the preoperative and postoperative chemotherapy phases and was
also detected at a higher frequency than previously reported in
esophagogastric cancer patients undergoing curative intended treat-
ments [18]. Although the frequency may not be greater than that
observed in the group allocated to receive palliative chemotherapy,
these patients have advanced or disseminated disease and, therefore,
an a priori greater risk of VTE [19]. Patients with adenocarcinoma of
the stomach had a significantly higher risk of VTE compared to
patients with LOE or GEJ, and this finding aligned with epidemiologi-
cal studies. For example, Levitan et al. found that the rate of VTE was
43 of 10,000 esophagus cancer patients and 85 of 10,000 GC patients
[20].

Only a few patients demonstrated VTE at the time of cancer diagno-
sis, including those at advanced stages of disease, and the majority of
VTE events appeared primarily within the first three (to six) months
after the cancer diagnosis, primarily in the phases showing cancer in
situ. This finding aligns with a previous retrospective cohort analysis
of VTE in cancer outpatients receiving chemotherapy [21]. What is
more, during the first months of treatment, chemotherapy-induced
tumor destruction occurs, and the risk of shedding procoagulant mate-
rial is to be at at a maximum level [22–24].

The completion rate of perioperative chemotherapy and the number
of patients who underwent surgery in the present study is comparable
to the MAGIC, and the ACCORD07 clinical trials and rather high [8,9]. If
all patients with localized disease (n = 54) had completed all cycles
of this moderate to highly toxic regime and underwent curatively
intended surgery, the frequency of VTE associated with the periopera-
tive regime might have been even higher. The group who only
underwent surgery was treated with thromboprophylaxis and as sug-
gested by others, an adequate thromboprophylaxis may lower the
thrombosis risk in cancer surgery patients to a level as non cancer sur-
gery patients [16,25–27]. Isolated distal DVT (i.e., calf DVT) is an
under-reported clinical phenomenon in cancer patients, and the impor-
tance of this type of DVT, with regard to diagnosis and treatment, re-
mains controversial [28,29]. We found that asymptomatic distal DVT
was often associated with PE in the upper GI patients undergoing cura-
tive intended surgery and neoadjuvant or palliative chemotherapy. It
remains uncertain, however, whether the assessment of PE in all pa-
tients with elevated D-dimer levels or distal DVT would have identified
the patientwho died of fatal PE in the present study, as this PE event oc-
curred in the interval between scheduled biCUS and clinical control ac-
cording to the protocol.

The current study has some limitations. Non-invasive bilateral
compression ultrasonography is now the standard method of diag-
nosing DVT [28], although this approach may be less sensitive in
the detection of smaller thromboses in asymptomatic patients [30].
CTPA is not routinely performed during our follow-up because of
the unacceptably high radiation doses, although this analysis could
have identified additional PE events. CTPA is now considered to be
the standard method for diagnosing symptomatic PE at the
subsegmental level, regardless of any underlying disease [31–33].
In addition, the specificity of multidetector CTPA, as used in the pres-
ent study, is reported to be 89–97%, which is greater than that of con-
ventional pulmonary angiography. False-positive results for PE may
be caused by atelectasis, filling defects, and other diseases, such as
pleural effusion, although the occurrence of false-positive results
seems to be minimized using multidetector CTPA [34–36]. Further-
more, in the present study, the CTPA findings were independently
interpreted by two nuclear medicine and radiology specialists. In
this study 58 of 343 eligible patients were unfortunately not includ-
ed due to lack of resources, but evenly distributed during the study
period (Supplementary Fig. 1). However, since this constitute only
17%, the inclusion of these would probably not have changed the re-
sults considerably.

During the hospital stay, despite standard thrombosis prophylaxis
for curatively intended radical surgery, some of the patients developed
a VTE event. This development aligned with the Enoxacan II study of
enoxaparin (LMWH), in which LMWH prophylaxis did not eliminate
but reduced the postoperative VTE frequency to 4.8% in patients receiv-
ing abdominal cancer surgery [37].
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Data concerningdifferences in the risk of VTE amongvarious chemo-
therapy regimens are scarce, and often this incidence can only be calcu-
lated for regimens containing two or three substances, without isolated
risk estimation for each compound [10].

Our results confirm the highly thrombogenic nature of the
oxaliplatin, epirubicin and peroral 5-flourourasil (5-FU) regimen, both
in the perioperative and palliative settings; this finding aligns with reg-
ister studies showing that this regimen was associated with a high risk
of VTE in cases of upper GI cancer [2]. The low VTE-related mortality
within the treatment period in our study aligns with clinical trials on
LMWH (semuloparin) in ambulatory cancer patients receiving chemo-
therapy; in these trials, the VTE-related mortality was 9 of 1,604 pa-
tients receiving placebo (i.e., 0.6%) [38]. Our result was reported with
a broad confidence interval because of the low numbers of patients
and less stringent inclusion criteria.

Because other studies have indicated that the recurrence rate of VTE
andoverall survival after an initial episode of incidentally foundPE in can-
cer patients reach the same levels as those observed in symptomatic pa-
tients, it has been suggested that asymptomatic and symptomatic VTE
should be treated equally [12]. We found a non-significant reduced sur-
vival of 4 months in VTE patients, and because our study also consisted
of asymptomatic eventswith the same reduced survival, our data support
the notion of reduced survival in asymptomatic VTE patients.

In our study, 13 of 90 patients with normal D-dimer levels at base-
line developed VTE, whereas 31 presented elevated D-dimer levels at
baseline but did not develop VTE (Table 1), indicating that D-dimer
levels at this time do not serve as a reliable marker of the risk of VTE
in these patients. It has been proposed from retrospective studies that
biomarkers, such as a negative D-dimer result or normal pretest proba-
bility score, can effectively rule out the risk of symptomatic VTE in can-
cer patients during the course of treatment [39,40]. However, these
findings do not consider the development of cancer disease over time.
Our study revealed a substantial shift in risk during the course of treat-
ment, and the estimation of a baseline risk of VTE with a biomarker
(e.g., D-dimer) ismost likely insufficient andmust be repeated through-
out the course of treatment, optimally combined with radiological
imaging.

Although age is a well-known risk factor for VTE, our study size was
too small to show any association during a neoadjuvant chemotherapy
regimen. On the contrary, our study indicated that GC and stage III-IV
disease were associated with a substantially higher risk of developing
VTE during treatment, and this result aligns with other studies of pre-
dictive factors for developing VTE during cancer treatment [40,41].

In conclusion, the extent of treatment-related VTE in upper GI cancer
patients (with active cancer) receiving both chemotherapy and curative
intended surgery may be greater than previously estimated. In accor-
dance with other studies of chemotherapy-induced VTE [42,43], our
data demonstrate the need to address this clinical problem with ran-
domized clinical trials on VTE prophylaxis, particularly in patients un-
dergoing neoadjuvant chemotherapy for resectable cancer disease.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.thromres.2015.01.021.
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