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Background: Doppler ultrasound imaging is useful for management of venous thromboembolism 

associated with a subclavicular implantable central venous access system in patients receiv-

ing bevacizumab (Bev). We investigated the efficacy and safety of our anticoagulant regimen 

based on Doppler findings.

Methods: Patients aged #75 years with metastatic colorectal cancer, no history of 

thromboembolism, and no prior use of Bev received chemotherapy plus Bev. Doppler  

ultrasound imaging of the deep venous system to detect thrombosis was performed after the 

first course of Bev and repeated after the third course in patients with asymptomatic thrombosis. 

Indications for anticoagulant therapy in patients with asymptomatic thrombosis were as follows: 

enlarging thrombus (E), thrombus .40 mm in diameter (S), thrombus involving the superior 

vena cava (C), and decreased blood flow (V).

Results: Among 79 patients enrolled in this study, asymptomatic thrombosis was detected in 

56 patients (70.9%) by Doppler ultrasound imaging after the first course of Bev and there was no 

thrombus in 23 patients (29.1%). Of these 56 patients, 11 (19.6%) received anticoagulant therapy 

with warfarin, including eight after the first course and three after follow-up imaging. S + V  

was observed in four of 11 patients (36.4%), as well as V in two (18.2%), S + V + C in one 

(9.1%), E + S + V in one (9.1%), E + C in one (9.1%), E in one (9.1%), and C in one (9.1%). 

All patients resumed chemotherapy, including seven who resumed Bev. Improvement or sta-

bilization of thrombi was achieved in ten patients (90.9%). Only one patient had symptomatic 

thromboembolism. Mild bleeding due to anticoagulant therapy occurred in six patients (54.5%), 

but there were no treatment-related severe adverse events or deaths. Severe thromboembolism 

was not observed in the other 68 patients.

Conclusion: Our anticoagulant protocol for asymptomatic thrombosis detected by Doppler 

ultrasound imaging was effective at preventing severe thromboembolism during continued 

treatment with Bev.
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Introduction
Bevacizumab (Bev), a recombinant humanized monoclonal antibody directed against 

vascular endothelial growth factor (VEGF), is a key biological agent for metastatic 

colorectal cancer that has a positive impact on survival.1–5 A randomized controlled trial 

showed that continuing treatment with Bev after disease progression achieves signifi-

cant improvement of overall survival and progression-free survival,5 suggesting that it 

could be a new second-line treatment strategy for metastatic colorectal cancer. On the 
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other hand, adverse events such as arterial thromboembolism, 

venous thromboembolism (VTE), and pulmonary embolism 

(PE) have been demonstrated to increase when Bev is added 

to chemotherapy.1,3,6,7 A meta-analysis demonstrated that Bev 

is a risk factor for VTE, and indications for anticoagulant 

therapy were proposed.7 An implantable central venous 

access system (CVAS) is often used in cancer patients for 

chemotherapy or palliative care, but is associated with an 

increased risk of deep VTE. In addition, VTE is associated 

with severe PE.8–10 Although prophylactic anticoagulant 

therapy for severe thromboembolism has been investigated, 

routine prophylaxis for CVAS-associated VTE is not recom-

mended, especially in patients with a risk of bleeding.11–13

We aimed to establish appropriate screening methods 

for symptomatic or asymptomatic VTE and indications for 

anticoagulant therapy in patients with CVAS. We previously 

reported the efficacy of Doppler ultrasound (DU) imaging 

for management of VTE in patients receiving chemotherapy 

combined with Bev.14 Our findings suggested that DU is use-

ful for management of VTE associated with a subclavicular 

implantable CVAS in patients treated with Bev, while 

D-dimer or other baseline laboratory data were not useful as 

prognostic factors. In addition, we found that anticoagulant 

therapy was beneficial for progressive asymptomatic throm-

bosis, but the indications for such therapy need to be estab-

lished to avoid severe thromboembolism including PE.

Accordingly, the objectives of the present study were to 

assess the validity of our indications for anticoagulant therapy 

in patients with asymptomatic thrombosis, and to investigate 

the efficacy and safety of our anticoagulant regimen based 

on DU findings.

Patients and methods
study design
This was a prospective cohort study conducted at a single 

institution. Patients were enrolled from December 2007 

and all patients provided written informed consent before 

commencing treatment. The study protocol was approved 

by our institutional review board. An outline of the study 

design (including the timing of DU) is shown in Figure 1; it 

was the same as in our previous study.14 DU was performed 

to assess the deep venous system in the upper extremities 

on the CVAS side. To detect incipient thrombosis during 

chemotherapy, DU was first performed after the first course 

of Bev. If asymptomatic thrombus was detected, follow-up 

evaluation was be performed after the third course of Bev. 

The location and dimensions of any thrombus were assessed, 

as well as blood flow and collateral flow. A radiologist at our 

center performed DU and evaluated the findings. Pretreat-

ment DU was also performed between CVAS implantation 

and initiation of Bev in patients who consented to this addi-

tional examination.

Patients
Patients could be enrolled if they conformed to the following 

criteria: histological confirmation of colorectal cancer; pres-

ence of advanced metastatic colorectal cancer; age #75 years;  

Eastern Cooperative Oncology Group performance status 

(PS) of 0 or 1; no history of thromboembolic events; no 

prior use of Bev; no risk factors for bleeding; and no hyper-

tension or hypertension controlled by one or two agents, if 

present. All patients received the initial cycle of treatment 

in hospital, followed by additional cycles on an ambulatory 

basis. The complete blood count, international normalized 

ratio (INR), and D-dimer were measured every two weeks 

or before treatment in all patients.

chemotherapy
The following chemotherapy regimens were employed: FOL-

FOX 4 + Bev (85 mg/m2 of oxaliplatin intravenously over 2 

hours, 100 mg/m2 of L-leucovorin over 2 hours, and a bolus of 

400 mg/m2 of 5-FU on day 1, followed by a 22-hour infusion of 

600 mg/m2 of 5-FU on days 1 and 2, plus 5–10 mg/kg of Bev 

over 30–90 minutes on day 1 every 2 weeks) or FOLFIRI + Bev 

(150 mg/m2 of irinotecan intravenously over 1.5 hours, 200 mg/

m2 of L-leucovorin over 2 hours, and a bolus of 400 mg/m2 of 

5-FU on day 1, followed by a 46-hour infusion of 1,200 mg/

m2 of 5-FU on days 1 and 2, plus 5 mg/kg of Bev over 30–90 

minutes on day 1 every 2 weeks). Patients were treated until 

progression occurred or toxicity became unmanageable.

indications for anticoagulant therapy in 
patients with asymptomatic thrombus
Prophylactic anticoagulant therapy was not permitted. How-

ever, anticoagulant therapy was permitted at the discretion 

of the attending physician after detection of asymptomatic 

thrombus by DU that might have the potential to cause PE. 

Figure 1 Timing of DU: study outline.
Abbreviations: Bev, bevacizumab; chemo, chemotherapy; DU, Doppler ultrasound.
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The indications for initiating anticoagulant therapy in patients 

with asymptomatic thrombosis were as follows: an enlarging 

thrombus (E); thrombus .40 mm in diameter (S); thrombus 

involving the superior vena cava (C); and thrombus causing 

decreased blood flow (V). All patients with one or more of 

these findings received anticoagulant therapy, except those 

who had an increased risk of bleeding.

anticoagulant therapy
Warfarin was used for anticoagulant therapy with a target 

INR of 2 to 3.

Evaluation of toxicity and efficacy
All patient data were recorded and reviewed as electronic 

medical records. Adverse events were graded at baseline and 

biweekly during treatment using the National Cancer Institute 

Common Toxicity Criteria, version 3.0. Tumor response was 

assessed every 3 months by computed tomography accord-

ing to the Response Evaluation Criteria In Solid Tumors 

(RECIST 1.0). Data on toxicity and tumor response were 

also reviewed from the electronic medical records and the 

images of each patient.

Results
Patient profile
Seventy-nine patients were enrolled in this study, and their 

baseline characteristics are shown in Table 1. Fifty-seven 

patients (72.2%) received Bev as first-line treatment, and 

almost all of the subjects had a good PS. Eighteen patients 

(22.8%) were receiving antihypertensive therapy at baseline, 

but no other risk factors for thromboembolism were identified 

before administration of Bev.

Efficacy of DU
Evaluation of DU is summarized in Table 2. Among 44 patients 

who received pretreatment DU after CVAS implantation,  

21 patients (47.7%) had mild asymptomatic thrombosis, but 

all patients started treatment without problems. Asymptomatic 

CVAS-related thrombosis was detected by DU after the first 

course of Bev in 56 patients (70.9%), while there was no evi-

dence of thrombus in 23 patients (29.1%). Fourteen (60.9%) 

of the 23 patients without thrombus on pretreatment DU imag-

ing were found to have developed thrombus by DU after the 

first course of Bev, while asymptomatic thrombus detected 

in 4 patients (19.0%) by pretreatment DU had disappeared 

when DU was done after the first course. According to our 

screening protocol, 56 patients with asymptomatic thrombosis 

received follow-up DU examination: thrombus resolved in 

Table 1 Baseline characteristics (n=79)

Characteristic N (%)

sex: male/female
Median age (range), years

36/43
59 (38–74)

chemotherapy regimen
1l FOlFOX 4 + Bev (5 mg/kg)
1l FOlFOX 4 + Bev (10 mg/kg)
2l FOlFiri + Bev (5 mg/kg)

55 (69.6)
2 (2.5)
22 (27.8)

ecOg performance status
0
1

77 (97.5)
2 (2.5)

number of involved organs
1
2
3
4

31 (39.2)
31 (39.2)
13 (16.5)
4 (5.1)

sites of metastasis
Primary
liver
lung
Peritoneum
lymph nodes
local recurrence

10 (12.7)
43 (54.4)
31 (39.2)
24 (30.4)
33 (41.8)
7 (8.9)

Past history/complications
hypertension
Diabetes
hyperlipidemia
liver dysfunction

18 (22.8)
9 (11.4)
1 (1.3)
1 (1.3)

Tumor response (recisT 1.0)
Partial response
stable disease
Progressive disease
not evaluable

38 (48.1)
37 (46.8)
3 (3.8)
1 (1.3)

Abbreviations: Bev, bevacizumab; ecOg, eastern cooperative Oncology group; 
1L, first line; 2L, second line.

Table 2 results of DU imaging (n=79)

Median interval (range), days
cVas – initiation of Bev
cVas – DU after 1st course
initiation of Bev – DU after 1st course
initiation of Bev – follow-up DU (n=56)

6 (2–853)
14 (7–868)
8 (1–28)
42 (21–82)

results of DU after 1st course, n (%)
Thrombus detected

asymptomatic thrombosis
symptomatic thrombosis

no thrombus

56 (70.9)
0
23 (29.1)

results of follow-up DU (n=56), n (%)
Thrombus detected

asymptomatic thrombosis
symptomatic thrombosis

no thrombus (resolved)

50 (89.3)
1 (1.8)
5 (8.9)

Abbreviations: Bev, bevacizumab; cVas, central venous access system; DU, Doppler 
ultrasound.

five patients (8.9%), asymptomatic thrombus persisted in 

50 patients (89.3%), and one patient (1.8%) experienced 

symptomatic thrombosis. Eleven (19.6%) of the 56 patients 
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with asymptomatic thrombosis received anticoagulant 

therapy, including eight patients treated when thrombus was 

found by DU after the first course and three patients treated 

when it was detected by follow-up DU. The details of each 

patient are shown in Table 3, and their data are summarized 

in Table 4. The main indication for anticoagulant therapy was 

V (72.7%), followed by S (54.5%), and seven patients had 

two or more indications. The median interval between initia-

tion of Bev and the start of anticoagulant therapy was 8 days. 

Bev could be resumed in seven of the eleven patients (63.6%). 

The median interval between commencement of anticoagulant 

therapy and resumption of Bev was 20 days.

When evaluating the response to anticoagulant therapy, 

improvement on DU was defined as improvement of at least 

one finding among E, S, C, or V, while progression meant the 

deterioration of at least one of these findings. The patients 

who did not fit into these two groups were considered to 

have stable thrombosis. Overall, thrombosis improved 

in seven patients (63.6%), while it progressed to become 

symptomatic in one patient (9.1%). In this patient, a large 

asymptomatic thrombus with V was detected after the first 

course of Bev and it rapidly became symptomatic despite 

immediate initiation of anticoagulant therapy. Overall, con-

trol of thrombosis by anticoagulant therapy was achieved in 

90.9% of the patients (Table 5). Mild bleeding was the main 

treatment-related adverse event, being observed in 54.5% of 

the patients (Table 6). No severe treatment-related adverse 

events or deaths were observed.

Table 3 Patients receiving anticoagulant therapy (n=11)

Case 
number

Age,  
years/sex

DU  
timing

DU findings 
(indication  
for AT)

Initiation of  
Bev – AT (days)

Initiation of  
AT – resumption  
of Bev (days)

Results  
of AT

Complications  
of AT

Retreatment

1 39/F 1st course s + V 16 108 improved Mild mucosal 
bleeding

Bev + chemo

2 57/F 1st course s + V 7 44 improved Mild mucosal 
bleeding

Bev + chemo

3 70/M 1st course V 4 14 stable none Bev + chemo
4 63/F 1st course V 8 6 stable Mild subcutaneous 

bleeding
Bev + chemo

5 57/F 1st course c 4 20 improved none Bev + chemo
6 68/M 1st course s + V 8 not resumed stable none chemo
7 64/M 1st course s + V 12 30 improved Mild subcutaneous 

bleeding
Bev + chemo

8 48/M 1st course s + V + c 7 not resumed Progressed  
with symptomsa

none chemo

9 65/M Follow-up e + c 84 14 improved Mild subcutaneous 
bleeding

Bev + chemo

10 58/M Follow-up e + s + V 40 not resumed improved Mild subcutaneous 
bleeding

chemo

11 61/M Follow-up e 43 not resumed improved none chemo

Note: aIn case 8, a large asymptomatic thrombus associated with decreased blood flow was detected during the initial cycle and it rapidly progressed to become symptomatic 
despite immediate initiation of anticoagulant therapy.
Abbreviations: aT, anticoagulant therapy; Bev, bevacizumab; c, thrombus involving the superior vena cava; chemo, chemotherapy; DU, Doppler ultrasound; e, enlarging 
thrombus; s, thrombus .40 mm in diameter; V, decreased blood flow.

Table 4 summary of patients receiving anticoagulant therapy (n=11)

Characteristic N (%)

sex: male/female
Mean age (range), years

7/4
61 (39–70)

DU timing
1st course
Follow-up

8 (72.7)
3 (27.3)

incidence of each indication
V
s
e
c

8 (72.7)
6 (54.5)
3 (27.3)
3 (27.3)

Median interval (range), days
initiation of Bev – aT
initiation of aT – resumption of Bev (n=7)

8 (4–84)
20 (6–108)

Abbreviations: aT, anticoagulant therapy; Bev, bevacizumab; c, thrombus involving 
the superior vena cava; DU, Doppler ultrasound; e, enlarging thrombus; s, thrombus 
.40 mm in diameter; V, decreased blood flow.

Table 5 Efficacy of anticoagulant therapy (n=11)

Outcome of anticoagulant therapy n (%)
improved
stable
Progression
Disease control rate

7 (63.6)
3 (27.3)
1 (9.1)a

10 (90.9)
Note: ain one patient, rapid progression of thrombosis was observed during the 
initial course.
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The outcomes of all patients enrolled in this study are 

shown in Figure 2. All of the patients (11) receiving anti-

coagulant therapy resumed treatment, including seven who 

resumed Bev. The 68 patients who did not receive anticoagu-

lant therapy, including 23 patients without thrombosis on DU 

after the first course of Bev, could also continue treatment 

including Bev without severe thrombosis. Accordingly, most 

patients with asymptomatic thrombosis detected by DU 

could continue chemotherapy including Bev by following 

our anticoagulant protocol.

Discussion
In patients receiving Bev plus chemotherapy,1–4,15–19 the inci-

dence of thromboembolism ranges between 3% and 26%, with 

PE occurring in a few patients. Prophylactic anticoagulant 

therapy was not recommended or applied in any study, but 

there have been four studies that investigated anticoagulant 

therapy for maintenance of CVAS.1,2,4,16 The rarity of throm-

boembolic events suggests that there is no need for routine 

prophylactic anticoagulant therapy. According to the Ameri-

can Society of Clinical Oncology guideline, the major risk 

factors for VTE in cancer patients are the primary tumor site, 

advanced stage, and adenocarcinoma histology as cancer-

related factors; indwelling venous access and chemotherapy 

or antiangiogenic agents as treatment-related factors; older 

age, a history of VTE, and poor PS as patient-related factors; 

and a platelet count .350,000/μL and hemoglobin ,10 g/dL  

as biomarkers.20,21 The guideline does not recommend routine 

pharmacologic thromboprophylaxis for cancer outpatients 

receiving systemic chemotherapy, but suggests prophylaxis 

with low-molecular-weight heparin (LMWH) for high-risk 

patients on a case-by-case basis. An association between 

CVAS and VTE has been identified in some retrospective 

studies, ranging from 12% to 64%.22–26 In a prospective trial, 

the incidence of thrombosis was investigated in two groups 

assigned to receive LMWH or placebo for 6 weeks, with no 

significant difference being found (14.1% versus 18%).27 

Another trial12 also showed no significant difference in the 

incidence of symptomatic thrombosis between warfarin and 

Table 6 safety of anticoagulant therapy (n=11)

Anticoagulant therapy-related adverse events n (%)
Mild bleeding

Mucosal bleeding
subcutaneous bleeding

2 (18.2)
4 (36.4)

Total 6 (54.5)a

Note: aThere were no treatment-related deaths or other severe complications.

Figure 2 Outcomes of all patients enrolled in this study.
Note: Most patients with asymptomatic thrombosis continued chemotherapy, including those with an appropriate anticoagulant regimen.
Abbreviations: Bev, bevacizumab; DU, Doppler ultrasound.
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placebo (4.6% vs 4.0%). The American Society of Clini-

cal Oncology recommends the following methods for the 

prevention of recurrent VTE in cancer patients.20 LMWH 

is preferred over unfractionated heparin for the initial  

5 to 10 days of treatment in cancer patients with newly con-

firmed VTE, excluding those with severe renal impairment 

(creatinine clearance ,30 mL/min). LMWH is preferred to 

vitamin K antagonists for long-term prevention over more 

than 6 months due to its better efficacy, but vitamin K antago-

nists are also recommended if LMWH is not available.

In Japan, enoxaparin sodium has been approved as an 

LMWH for prevention of VTE only in patients undergoing 

orthopedic surgery on the lower limb or invasive abdominal 

surgery with a high risk of VTE, but not in cancer patients. 

Therefore, unfractionated heparin is commenced first, fol-

lowed by warfarin for at least 6 months with a target INR 

of 2 to 3. The appropriate treatment duration is unclear for 

cancer patients, so we continued anticoagulation during 

chemotherapy in patients without a risk of bleeding.

In our previous study, we prospectively assessed the 

effectiveness of DU for early identification of catheter-

related thrombosis and changes of asymptomatic venous 

thrombosis during use of Bev.14 In addition, the purpose 

of that study was to detect Doppler diagnostic findings 

independent of clinical findings. In that study, prophylactic 

anticoagulant therapy for VTE was not given before the start 

of chemotherapy so as to evaluate asymptomatic thrombus 

formation. The higher-than-expected number of thrombi 

detected by DU were mostly asymptomatic. The results of 

sub-analyses suggested that detection of CVAS-associated 

thrombus in patients without a history of Bev does not mean 

that use of Bev is a risk factor for VTE. The findings that 

mainly affected the outcome of asymptomatic thrombosis 

were changes in thrombus size or decreased blood flow, and 

comparing each finding between initial and follow-up DU 

studies revealed that candidate risk factors for symptomatic 

VTE or PE were an enlarging or large thrombus (.40 mm 

in diameter) and decreased venous flow. Hence, we started 

to use these indications for prophylactic anticoagulant 

treatment of asymptomatic VTE after the study, but did not 

routinely give prophylaxis to patients treated with Bev in 

order to avoid an increased risk of bleeding.

The present study confirmed the validity of this anti-

coagulant strategy for management of CVAS-associated 

thromboembolism based on DU findings. As expected, 

asymptomatic thrombosis was detected frequently in patients 

receiving Bev, and the results revealed two important out-

comes. First, most of the patients who needed anticoagulant 

therapy for VTE could continue chemotherapy including Bev 

without severe complications. Second, almost all patients 

without VTE at the first DU or progression of thrombosis 

during treatment could continue chemotherapy without new 

thromboembolism during subsequent treatment.

Thus, an anticoagulant strategy based on routine screen-

ing for thromboembolism using DU was demonstrated to be 

feasible for patients receiving chemotherapy combined with 

Bev, though this was not a randomized controlled study that 

compared patients receiving anticoagulant therapy and those 

without anticoagulant therapy.

Conclusion
Prophylactic anticoagulant therapy is not necessary for all 

patients in whom asymptomatic thrombosis is detected 

during treatment with Bev. Our anticoagulant protocol 

for managing asymptomatic thrombosis based on DU is a 

reasonable option for preventing severe thromboembolism 

while continuing Bev.
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