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Prevention of venous thromboembolism 
in the cancer surgery patient
■ ABSTRACT

Cancer patients, especially those undergoing surgery
for cancer, are at extremely high risk for developing
venous thromboembolism (VTE), even with appropriate
thromboprophylaxis. Anticoagulant prophylaxis in can-
cer surgery patients has reduced the incidence of VTE
events by approximately one-half in placebo-controlled
trials, and extended prophylaxis (for up to 1 month) has
also significantly reduced out-of-hospital VTE events
in clinical trials in this population. Clinical trials show
no difference between low-molecular-weight heparin
(LMWH) and unfractionated heparin in VTE prophylaxis
efficacy or bleeding risk in this population, although the
incidence of heparin-induced thrombocytopenia is
lower with LMWH. The risk-benefit profile of low-
dose anticoagulant prophylaxis appears to be favor-
able even in many cancer patients undergoing neuro-
surgery, for whom pharmacologic VTE prophylaxis
has been controversial because of bleeding risks.

V
enous thromboembolism (VTE) is a major
complication of cancer, occurring in 4% to
20% of patients,1 and is one of the leading
causes of death in cancer patients, although

these figures are believed to be underestimates, given
the low autopsy rates among cancer patients.2 In hospi-
talized cancer patients specifically, VTE is the second
leading cause of death.3,4 The risk of VTE in cancer
patients undergoing surgery is three to five times greater
than that in surgical patients without cancer.4

Moreover, cancer patients with symptomatic deep vein
thrombosis (DVT) exhibit a high risk of recurrent VTE
that may persist for many years after the index event.5

■ VTE PREVENTION POSES PARTICULAR CHALLENGES
IN CANCER PATIENTS

Until recently, data on VTE prevention specific to
cancer patients have been sparse. Cancer patients have

represented only a small subset (< 20%) of participants
in most of the largest clinical trials of VTE prophylaxis.
Until the past 2 or 3 years, clinicians largely have had
to extrapolate their approach to VTE prophylaxis in
cancer patients from data in patients without cancer,
bearing in mind that cancer patients are among the
populations at highest risk of developing VTE.

High rates of VTE, even with prophylaxis
What has been clear is that VTE prevention is a for-
midable challenge in this population, even when
thromboprophylaxis is used. Despite thromboprophy-
laxis, cancer patients undergoing surgery have twice
the risk of VTE and nonfatal pulmonary embolism
(PE) and three times the risk of fatal PE compared
with other surgical patients (Table 1).6,7

Further insights have come from the @RISTOS
project, a Web-based prospective registry of patients
undergoing general, urologic, or gynecologic surgery for
cancer at multiple centers in Italy.8 Of the 2,372
patients tracked in this study, 82% received in-hospital
VTE prophylaxis and 31% received prophylaxis fol-
lowing discharge. Despite this relatively high frequency
of prophylaxis, however, the incidence of clinically
overt VTE was 2.1% and the incidence of fatal VTE
was 0.8%. Notably, most VTE events occurred after
hospital discharge, and VTE was the most common
cause of 30-day postoperative death in this registry.

■ RISK FACTORS: CANCER TYPE AND TREATMENT
LOOM LARGE

Both the type and stage of a patient’s cancer are
important in assessing the risk of VTE. For men, can-
cers of the prostate, colon, brain, and lung have been
associated with an increased risk of VTE. Among
women, cancers of the breast, ovary, and lung have
been especially implicated as risk factors for VTE.9,10

The type of cancer therapy also influences VTE risk:
• Surgery. Among patients who undergo cancer-

related surgery, the rate of proximal DVT is 10% to
20%, the rate of clinically evident PE is 4% to 10%,
and the incidence of fatal PE is 0.2% to 5%.8,11See contents page for author affiliations. See end of article for author disclosures.
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• Systemic treatments, including chemotherapy
and hormone therapy, are also associated with an
increased risk of VTE.12–15

• Central venous catheters. Approximately 4% of
cancer patients who have central venous catheters
placed develop clinically relevant VTE.16,17

In addition to the above risks related to cancer
treatments, the following have been identified as risk
factors for VTE in surgical oncology patients:

• Age greater than 40 years (risk also increases
steeply after age 60 and again after age 75)

• Cancer procoagulants
• Thrombophilia
• Length and complications of cancer surgery (ie,

often involving tissue trauma and immobilization)
• Debilitation and slow recovery.
Another risk factor worth noting is perioperative

transfusion, as illustrated in a recent study of 14,104
adults undergoing colorectal cancer resection.18 The
overall incidence of VTE in these patients was 1.0%,
and the risk of death was nearly four times as great in
patients who developed VTE as in those who did not.
Notably, the need for transfusion was a marker of
increased risk of VTE, particularly in women: women
who received perioperative transfusions had almost
double the risk of developing VTE compared with
women who did not receive transfusions (P = .004).

■ CLINICAL TRIALS OF PROPHYLAXIS 
IN CANCER SURGERY PATIENTS

LMWH vs UFH for in-hospital prophylaxis
Two large randomized, double-blind trials have com-
pared low-molecular-weight heparin (LMWH) with
low-dose unfractionated heparin (UFH) for VTE pro-

phylaxis in surgical patients with cancer—the Enoxa-
parin and Cancer (ENOXACAN) study19 and the
Canadian Colorectal Surgery DVT Prophylaxis Trial.20

Patients in these studies underwent surgery for abdomi-
nal or pelvic cancer (mostly colorectal cancer). Both
studies compared 40 mg of the LMWH enoxaparin
given once daily with 5,000 U of UFH given three times
daily for 7 to 10 days postoperatively. Outcome measures
were the presence of DVT determined by venography
on day 7 to 10 and the incidence of symptomatic VTE.
Rates of VTE were statistically equivalent between the
two treatment arms in both ENOXACAN (14.7% with
LMWH vs 18.2% with UFH) and the Canadian
Colorectal Surgery study (9.4% with both therapies), as
were rates of major bleeding (4.1% with LMWH vs
2.9% with UFH in ENOXACAN; 2.7% with LMWH
vs 1.5% with UFH in the Canadian study).

These findings are consistent with a 2001 meta-
analysis by Mismetti et al of all available randomized
trials comparing LMWH with placebo or with UFH
for VTE prophylaxis in general surgery.21 This analysis
found no differences in rates of asymptomatic DVT,
clinical PE, clinical thromboembolism, death, major
hemorrhage, total hemorrhage, wound hematoma, or
need for transfusion between LMWH and UFH in
patients undergoing either cancer-related surgery or
surgery not related to cancer.

Fondaparinux for in-hospital prophylaxis
Subgroup analysis of the large randomized trial known
as PEGASUS22 sheds some light on the efficacy of the
factor Xa inhibitor fondaparinux relative to LMWH
for thromboprophylaxis in cancer surgery patients.
PEGASUS compared fondaparinux 2.5 mg once daily
with the LMWH dalteparin 5,000 IU once daily for 5
to 9 days in patients undergoing high-risk abdominal
surgery. Among the study’s 1,408 patients undergoing
surgery for cancer, rates of VTE were 4.7% in the fon-
daparinux group compared with 7.7% in the LMWH
group, a relative risk reduction of 38.6% with fonda-
parinux (95% CI, 6.7% to 59.6%). In contrast, in the
rest of the PEGASUS population (patients under-
going abdominal surgery for reasons other than can-
cer), LMWH was nonsignificantly more efficacious at
preventing VTE than was fondaparinux. Rates of
major bleeding in this cancer subgroup were compara-
ble between the two treatments. 

Extended prophylaxis
Two additional randomized trials have evaluated
extended prophylaxis with LMWH in surgical cancer
patients—ENOXACAN II23 and the Fragmin After
Major Abdominal Surgery (FAME) study.24

VTE PREVENTION IN THE CANCER SURGERY PATIENT

TABLE 1
Event rates in surgical patients with and without
cancer who received anticoagulant prophylaxis*

Noncancer Cancer
surgery surgery P for

(n=16,954) (n=6,124) difference

Postoperative VTE 0.61% 1.26% < .0001
Nonfatal PE 0.27% 0.54% < .0003
Autopsy-confirmed PE 0.11% 0.41% .0001
Death 0.71% 3.14% .0001

* In an international multicenter randomized trial using VTE prophylaxis with
either unfractionated heparin or low-molecular-weight heparin.6,7

VTE = venous thromboembolism; PE = pulmonary embolism
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In ENOXACAN II, patients undergoing surgery for
abdominal or pelvic cancer first received 6 to 10 days
of prophylaxis with enoxaparin 40 mg once daily and
then were randomized in a double-blind fashion to an
additional 21 days of enoxaparin or placebo.23 Among
332 patients in the intent-to-treat analysis, the rate of
VTE at the end of the double-blind phase was reduced
from 12.0% with placebo to 4.8% with extended-dura-
tion enoxaparin (P = .02), an effect that was main-
tained at 3-month follow-up (P = .01). There was no
significant difference between the two groups in rates
of major bleeding events or any bleeding events.

In FAME, patients received 5,000 IU of dalteparin
once daily for 1 week following major abdominal sur-
gery and then were randomized in open-label fashion
to either placebo or extended prophylaxis with dal-
teparin for 3 more weeks; a subanalysis examined out-
comes in the 198 FAME participants whose abdomi-
nal surgery was for cancer.24 Among these 198 cancer
surgery patients, the rate of venography-documented
VTE at 4 weeks was reduced from 19.6% with placebo
to 8.8% with extended-duration dalteparin, a relative
reduction of 55% (P = .03). The rate of proximal DVT
was reduced from 10.4% to 2.2% with extended pro-
phylaxis, a relative reduction of 79% (P = .02).

The number needed to treat with extended
LMWH prophylaxis to prevent one VTE event was
14 in ENOXACAN II23 and 9 in the FAME sub-
analysis of cancer surgery patients.24

New systematic review of relevant trials
Leonardi et al recently published a systematic review
of 26 randomized controlled trials of DVT prophylaxis
in 7,639 cancer surgery patients.25 They found the
overall incidence of DVT to be 12.7% in those who
received pharmacologic prophylaxis compared with
35.2% in controls. They also found high-dose
LMWH therapy (> 3,400 U daily) to be associated
with a significantly lower incidence of DVT than
low-dose LMWH therapy (� 3,400 U daily) (7.9% vs
14.5%, respectively; P < .01). No differences were
demonstrated between LMWH and UFH in prevent-
ing DVT, DVT location, or bleeding. Bleeding com-
plications requiring discontinuation of pharmacologic
prophylaxis occurred in 3% of patients overall.

Implications of HIT
The sequelae of heparin-induced thrombocytopenia
(HIT) can have major consequences for cancer sur-
gery patients. The incidence of HIT is markedly lower
with LMWH than with UFH, as demonstrated in a
nested case-control study by Creekmore et al.26 These
researchers also found that the average cost of an

admission during which HIT developed was nearly
four times as great as the average cost of an admission
during which UFH or LMWH was given without
development of HIT ($56,364 vs $15,231; P < .001). 

■ EVIDENCE IN SPECIFIC ONCOLOGIC POPULATIONS
Most of the patients in the trials reviewed above
underwent abdominal surgery for malignancy.
Although studies of VTE prophylaxis in patients
undergoing nonabdominal cancer surgery are rela-
tively few, some data are available for a few other spe-
cific oncologic populations, as reviewed below. 

Surgery for gynecologic cancer 
There is a paucity of randomized controlled trials or
prospective observational studies on VTE and its pre-
vention in the gynecologic cancer surgery population.
Based on small historical studies, the postoperative risk
of VTE in this population varies from 12% to 35%.27,28

Twice-daily administration of UFH 5,000 U appears to
be ineffective as VTE prophylaxis in this population,
but increasing the frequency to three times daily
reduces VTE risk by 50% to 60% compared with pla-
cebo. Once-daily LMWH is comparable to three-times-
daily UFH in efficacy and safety in this population.

A systematic Cochrane review of eight randomized
controlled trials in patients undergoing major gyneco-
logic surgery revealed that heparin prophylaxis (either
UFH or LMWH) reduces the risk of DVT by 70%
compared with no prophylaxis, with an identical risk
reduction specifically among women with malignancy
(odds ratio, 0.30; 95% CI, 0.10 to 0.89).29 This review
found no evidence that anticoagulation reduces the
risk of PE following major gynecologic surgery. LMWH
and UFH were similar in efficacy for preventing DVT
and had a comparable risk of bleeding complications.

Surgery for urologic cancer
The risk of VTE and the benefits of thromboprophy-
laxis also are poorly studied in patients undergoing
surgery for urologic cancer. 

The risk of VTE varies with the type of urologic sur-
gery and the method used to diagnose VTE. For
instance, patients undergoing radical retropubic prosta-
tectomy have been reported to develop DVT at rates of
1% to 3%, PE at rates of 1% to 3%, and fatal PE at a
rate of 0.6%, whereas the incidences of these events are
somewhat higher in patients undergoing cystectomy:
8% for DVT, 2% to 4% for PE, and 2% for fatal PE.
Radiologic diagnosis of thromboembolism in pelvic sur-
gery patients has yielded higher incidences, with DVT
rates of 21% to 51% and PE rates of 11% to 22%.30

Small studies suggest that prophylaxis with either
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low-dose UFH or LMWH is both effective in reduc-
ing VTE risk and safe in urologic cancer surgery
patients, although pharmacologic prophylaxis poses a
possible increased risk of pelvic hematoma and lym-
phocele formation in this population.30

Neurosurgery
Most neurosurgical procedures are performed for malig-
nancies. The risk of venography-confirmed VTE in
patients undergoing neurosurgery is approximately
30% to 40%.31,32 Likewise, the risks of intracranial or
intraspinal hemorrhage in these patients are high. For
this reason, mechanical methods of VTE prophylaxis
are preferred in these patients. The use of anticoagu-
lant prophylaxis remains controversial in this setting,
although more recent data suggest that it might be safer
than previously recognized.

A meta-analysis of studies of pharmacologic prophy-
laxis of VTE in neurosurgery included three randomized
controlled trials that compared LMWH, with or with-
out mechanical prophylaxis, to placebo plus mechani-
cal prophylaxis or placebo alone in a total of 922 neu-
rosurgery patients.33 As detailed in Table 2, the analysis
demonstrated statistically significant reductions in the
risks of VTE and proximal DVT in favor of LMWH,
with a statistically significant doubling in the risk of any
bleeding and a nonsignificant 70% increase in the risk
of major bleeding with LMWH therapy. The number
needed to treat to prevent 1 proximal DVT was 16,

while the number needed to treat to cause 1 major
bleeding event was 115. A risk-benefit analysis showed
that the use of LMWH in neurosurgery patients was
associated with 1 major nonfatal bleeding event for
every 7 proximal DVTs prevented. When a fourth ran-
domized trial was included in the analysis, comparing
UFH 5,000 U three times daily with no prophylaxis,
rates of VTE and bleeding events remained similar to
those for the LMWH trials alone.

■ GUIDELINES FOR VTE PROPHYLAXIS 
IN THE CANCER SURGERY PATIENT

American College of Chest Physicians
The American College of Chest Physicians’ Seventh
ACCP Conference on Antithrombotic and Throm-
bolytic Therapy makes a number of recommendations
regarding VTE prevention in patients undergoing sur-
gery for cancer, as outlined in Table 3.34

National Comprehensive Cancer Network
The National Comprehensive Cancer Network (NCCN)
recently published clinical practice guidelines on
venous thromboembolic disease in cancer patients.35

The defined at-risk population for these guidelines is
the adult cancer inpatient with a diagnosis of (or clini-
cal suspicion for) cancer. The guidelines recommend
prophylactic anticoagulation (category 1 recommenda-
tion) with or without a sequential compression device
as initial prophylaxis, unless the patient has a relative
contraindication to anticoagulation, in which case
mechanical prophylaxis (sequential compression device
or graduated compression stockings) is recommended.
(A category 1 recommendation indicates “uniform
NCCN consensus, based on high-level evidence.”)

The NCCN guidelines include a specific recom-
mended risk-factor assessment, which includes noting
the patient’s age (VTE risk increases beginning at age
40 and then steeply again at age 75), any prior VTE,
the presence of familial thrombophilia or active cancer,
the use of medications associated with increased VTE
risk (chemotherapy, exogenous estrogen compounds,
and thalidomide or lenalidomide), and a number of
other risk factors for VTE as outlined in the prior two
articles in this supplement. The NCCN guidelines
explicitly call for assessment of modifiable risk factors
for VTE (ie, smoking or other tobacco use, obesity, and
a low level of activity or lack of exercise) and call for
active patient education on these factors. 

American Society of Clinical Oncology
The American Society of Clinical Oncology (ASCO)
recently released guidelines on VTE prevention and
treatment in patients with cancer;1 their key recom-

VTE PREVENTION IN THE CANCER SURGERY PATIENT

TABLE 2
Pooled outcomes of three randomized controlled
trials of LMWH prophylaxis in neurosurgery patients*

NNT/ P for
Event Control† LMWH RR‡ NNH§ difference

VTE 28.3% 17.5% 0.6 9 < .001
Proximal 12.5% 6.2% 0.5 16 < .01
DVT
Any 3.0% 6.1% 2.0 33 .02
bleeding
Major 1.3% 2.2% 1.7 115 .30
bleeding

* Adapted from data in the meta-analysis of Iorio and Agnelli.33

† Control was placebo with or without graduated compression stockings (GCS);
in the two studies in which control patients wore GCS, patients in the LMWH
group also wore GCS.

‡ Relative risk with LMWH vs control.
§ Across the three pooled trials, 1 major nonfatal bleeding event was observed

for every 7 proximal DVTs prevented.
LMWH = low-molecular-weight heparin; RR = relative risk; NNT/NNH = number
needed to treat/harm; VTE = venous thromboembolism; DVT = deep vein thrombosis
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mendations for prevention are summarized in Table 4.
Notable differences from the recommendations of the
Seventh ACCP Conference are the ASCO guidelines’
inclusion of fondaparinux among recommended pro-
phylactic options for this population and more explicit
recommendations on the prophylactic use of LMWH.
Also, for treatment of cancer patients with established
VTE, ASCO specifies that LMWH is the preferred anti-
coagulant for both initial and continuing treatment. 

Our recommended algorithm
Drawing from the above formal society guidelines and
the published literature, we recommend the algorithm
in Figure 1 as a practical approach to VTE prevention
in patients undergoing major surgery for cancer.

■ LINGERING CHALLENGE OF UNDERUTILIZATION
Despite this consensus on ways to reduce thrombo-
embolic risk in this population and the clear evidence
of the benefit of VTE prophylaxis in patients with can-
cer, data from several registries confirm a persistently
low utilization of prophylaxis in patients with can-
cer.36–38 The global Fundamental Research in Oncology
and Thrombosis (FRONTLINE) study surveyed 3,891
clinicians who treat cancer patients regarding their
practices with respect to VTE in those patients.36 The
survey found that only 52% of respondents routinely
used thromboprophylaxis for their surgical patients
with cancer. More striking, however, was the finding
that most respondents routinely considered thrombo-
prophylaxis in only 5% of their medical oncology
patients. These data are echoed by findings of other
retrospective medical record reviews in patients under-
going major abdominal or abdominothoracic surgery
(in many cases for cancer), with VTE prophylaxis rates
ranging from 38% to 75%.37,38

■ SUMMARY
Patients undergoing surgery for cancer have an
increased risk of VTE and fatal PE, even when throm-
boprophylaxis is used. Nevertheless, prophylaxis with
either LMWH or UFH does reduce venographic VTE
event rates in these patients. If UFH is chosen for pro-
phylaxis, a three-times-daily regimen should be used
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TABLE 4
American Society of Clinical Oncology recommendations
for VTE prevention in patients with cancer1

Hospitalized patients with cancer should be considered
candidates for VTE prophylaxis with UFH, LMWH, or fonda-
parinux in the absence of bleeding or other contraindications
to anticoagulation.
All patients undergoing major surgery for malignant disease
should be considered for thromboprophylaxis with low-dose
UFH, LMWH, or fondaparinux starting as early as possible 
for at least 7–10 days, unless contraindicated. Mechanical 
methods may be added to anticoagulation in very high-risk
patients but should not be used alone unless anticoagulation
is contraindicated. LMWH for up to 4 weeks may be con-
sidered after major abdominal/pelvic surgery with residual
malignant disease, obesity, and a previous history of VTE.
Ambulatory patients with cancer receiving systemic
chemotherapy do not require routine pharmacologic 
prophylaxis unless they are receiving thalidomide or lenalido-
mide, owing to these agents’ thrombotic risk.

VTE = venous thromboembolism; UFH = unfractionated heparin;
LMWH = low-molecular-weight heparin

TABLE 3
American College of Chest Physicians recommen-
dations for thromboprophylaxis in patients with
cancer and/or undergoing cancer surgery34

Cancer patients undergoing surgical procedures should
receive prophylaxis that is appropriate for their current risk
state (Grade 1A*)
In cancer patients undergoing general, gynecologic, or urologic
surgery:
•  Prophylaxis with low-dose UFH 5,000 U three times daily

or with LMWH > 3,400 U daily† is recommended 
(Grade 1A* for both UFH and LMWH)

•  Mechanical prophylaxis with graduated compression stock-
ings and/or an intermittent pneumatic compression device
is recommended for use in combination with pharmacologic
prophylaxis (Grade 1C+*)

In patients who have undergone major cancer surgery, post-
discharge prophylaxis with LMWH is recommended (Grade 2A*)
In cancer patients, routine prophylaxis is not recommended to
prevent thrombosis related to long-term indwelling central
venous catheters; specifically, clinicians should not use LMWH
(Grade 2B*) or fixed-dosed warfarin (Grade 1B*) in this setting

* Key to recommendation grades:
1A Based on RCTs without important limitations. Strong recommendation;

can apply to most patients in most circumstances without reservation.
1C+ No RCTs but strong RCT results can be unequivocally extrapolated, or

overwhelming evidence from observational studies. Strong recommen-
dation; can apply to most patients in most circumstances.

1B Based on RCTs with important limitations. Strong recommendation; likely
to apply to most patients.

2A Based on RCTs without important limitations. Intermediate-strength 
recommendation; best action may differ depending on circumstances or
patient or societal values.

2B Based on RCTs with important limitations. Weak recommendation; alternate
approaches likely to be better for some patients under some circumstances.

† Translates to 5,000 IU daily for dalteparin and 40 mg daily for enoxaparin.
UFH = unfractionated heparin; LMWH = low-molecular-weight heparin;
RCTs = randomized controlled trials
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in this population. In specific surgical cancer popula-
tions, especially those undergoing abdominal surgery,
out-of-hospital prophylaxis with once-daily LMWH
is warranted. Current registries reveal that compli-
ance with established guidelines for VTE prophylaxis
in this population is low.

■ DISCUSSION: ADDITIONAL PERSPECTIVES 
FROM THE AUTHORS

Dr. Jaffer: Dr. Amin, based on your study on thrombo-
prophylaxis rates in US medical centers, will you com-
ment on rates of prophylaxis for cancer surgery patients?

Dr. Amin: The overall study included approximately
200,000 medical patients and about 80,000 surgical
patients enrolled over more than a 3-year period
between 2002 and 2005.39,40 Our goal was to assess
rates of prophylaxis and, when it was provided,
whether it was appropriate (in terms of type, dosage,
and duration) based on the ACCP guidelines. A sub-
analysis assessed medical cancer patients and surgical
cancer patients separately. Medical cancer patients

received thromboprophylaxis 56% of the time but
received appropriate prophylaxis only 28% of the time.
Among surgical cancer patients, appropriate prophy-
laxis was given only about 24% of the time for those
undergoing gynecologic surgery and about 12% of the
time for those undergoing neurosurgery. These per-
centages are consistent with data from other national
registries, such as the IMPROVE registry, which doc-
umented prophylaxis rates on the order of 45% in
medical patients with cancer.41 We also analyzed the
data according to individual practitioners and found
that medical oncologists use prophylaxis about 25%
of the time, which is relatively consistent with other
providers, such as internists and surgeons.  

So there is a huge opportunity to improve rates of
prophylaxis for this group of patients that national
guidelines say are at high risk. Why is prophylaxis so
underutilized in the cancer population? One factor
may be a misperception about the risk of bleeding
with anticoagulants. Yet several studies have shown
that the rate of bleeding from prophylaxis is extremely
low, whether LMWH or UFH is used, so more aware-

VTE PREVENTION IN THE CANCER SURGERY PATIENT

FIGURE 1. Algorithm for VTE prophylaxis in the patient undergoing major surgery for cancer.

Pharmacologic prophylaxis is indicated
Pharmacologic prophylaxis options

• LMWH (preferred)
– Enoxaparin 40 mg SC once daily‡

– Dalteparin 5,000 IU SC once daily 
• UFH 5,000 U SC three times daily§

• Fondaparinux 2.5 mg SC once daily¶

‡ Dose adjustment needed for patients with renal insufficiency.
§ Dose adjustment needed for patients with high risk of bleeding.
¶ Contraindicated in patients with CrCl < 30 mL/min and in

patients weighing < 50 kg.

Duration of therapy
For LMWH, 4 weeks of therapy is recommended for
abdominal/pelvic surgery patients, in whom benefit of
extended prophylaxis has been demonstrated. No
studies with either UFH or fondaparinux have evalu-
ated extended prophylaxis in this setting.

Combination therapy with mechanical devices
Mechanical methods of prophylaxis may be added to
anticoagulation in patients at very high risk of VTE.

Does patient have any of the following possible exclusion criteria
for pharmacologic prophylaxis?†

• Active bleeding
• Hypersensitivity to UFH or LMWH
• Coagulopathy

– Platelet count < 50,000 cells/�L
– INR > 1.5

• History of heparin-induced thrombocytopenia
† In addition to these exclusion criteria, special consideration is needed when

invasive procedures are planned during the hospitalization.

No

Yes

VTE = venous thromboembolism
UFH = unfractionated heparin
LMWH = low-molecular-weight heparin
INR = international normalized ratio
SC = subcutaneously
CrCl = creatinine clearance

Mechanical prophylaxis measures indicated
(eg, intermittent pneumatic compression

devices, graduated compression stockings)

* For patients undergoing neurosurgery for cancer, pharmacologic prophylaxis appears to be safe enough to use but 
should not be started prior to the procedure; in those at high risk of bleeding, only mechanical measures should be used.

Consider VTE prophylaxis in all patients 
undergoing major surgery for cancer 

(eg, abdominal/pelvic, thoracic,
urologic, gynecologic)*
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ness of actual bleeding risk is needed. Another factor
is the obvious focus among internists and oncologists
on treating the patient, with perhaps a reduced con-
sideration of prophylaxis and prevention. A third fac-
tor may be a concern about thrombocytopenia.
However, in our study of prophylaxis rates in US
medical centers, we excluded patients who had
thrombocytopenia, yet rates of prophylaxis were still
low. Nothing in the literature indicates that anti-
coagulants cannot be used in patients with platelet
counts of 50,000 to 150,000 cells/�L or higher, so this
suggests that we need to do more education.

Dr. Jaffer: Dr. Brotman, can you tell us more about how
clinicians in practice should use prophylaxis in their
neurosurgery patients, such as those undergoing cran-
iotomy or spine surgery for cancer? What is the safest and
most efficacious way to prevent DVT in these patients?

Dr. Brotman: First, it’s important to recognize that
some sort of prophylaxis needs to be used. Neuro-
surgery patients are at an extremely high risk for
thromboembolic events, and such events are often
fatal in these patients. Having said that, the jury is
still out on whether the prophylaxis in these patients
should be compression devices or anticoagulation.
This gives physicians some latitude in their decisions.
They can decide not to use pharmacologic prophy-
laxis so long as they use pneumatic compression
devices consistently, perhaps even starting during the
operation and certainly throughout hospitalization
when the patient is immobilized. 

Certainly, the concerns about using full-dose antico-
agulation in the immediate postoperative setting in neu-
rosurgery patients are valid. Yet these patients are at very
high risk for thromboembolic events, and if we take too
cautious an approach to prophylaxis in the immediate
perioperative setting, more patients are going to have
thromboembolic events, at which point management
decisions become much more difficult. The risk of
intracranial bleeding with anticoagulation to treat a
patient who develops a DVT at postoperative day 10
will certainly be higher than it would have been with
lower-dose perioperative prophylactic anticoagulation.
Plus, if you put in a filter at that point, the outcomes
tend to be poor. Therefore, I believe there is some degree
of risk that we should be willing to take with regard to
perioperative bleeding, even in neurosurgery patients.

Dr. McKean: I’d like to make a point about combina-
tion prophylaxis. At many institutions, compression
stockings and sequential compression devices are used
preoperatively and intraoperatively, and then pharma-
cologic prophylaxis—for example, twice-daily UFH—is

used postoperatively. There is concern that these
patients are hypercoagulable, and most clinicians
believe that mechanical prophylaxis alone, even with
sequential compression devices plus compression stock-
ings, is not aggressive enough in these high-risk patients.  

Dr. Jaffer: Dr. Spyropoulos, what is the optimal duration
of pharmacologic prophylaxis for cancer surgery patients?

Dr. Spyropoulos: First let’s consider in-hospital pro-
phylaxis. The supportive data for in-hospital prophyl-
axis are strong, and the duration of therapy used in the
major in-hospital prophylaxis trials was 7 to 10 days.
With regard to extended prophylaxis, we have at least
two moderately sized randomized controlled trials,
ENOXACAN II23 and the substudy of FAME,24 that
demonstrated that extending prophylaxis with LMWH
at doses of 3,400 U once daily (5,000 IU of dalteparin;
40 mg of enoxaparin) reduces VTE risk at postoperative
day 30. Also, recent data from the @RISTOS registry
show that in cancer surgery patients, especially those
having abdominal or pelvic procedures, the leading
cause of 30-day mortality was VTE.8 This registry also
shows that despite prophylaxis, the rate of symptomatic
VTE can be as high as 2%, with the rate of fatal VTE
approaching 1%. Thus, in cancer patients undergoing
abdominal or pelvic surgery, physicians should strongly
consider prophylaxis of up to 30 days’ duration.

Dr. Jaffer: One striking finding from the @RISTOS
registry was that 40% of VTE events in these cancer sur-
gery patients occurred after postoperative day 21. This
really underscores the need to consider prophylaxis for
at least 4 weeks in these patients in real-world practice.

Dr. Brotman: The other striking finding from that
registry was that the in-hospital prophylaxis rate was
quite high, about 80%, and the rate of extended pro-
phylaxis approached 35%. These are rates that are
rarely achieved in clinical practice. Yet despite these
high levels of prophylaxis, patients in this registry still
had a high incidence of morbidity and mortality from
VTE. This suggests that we need to improve our out-
of-hospital VTE prevention paradigms.  

Dr. Jaffer: Dr. Deitelzweig, oncologists and internists
are often unsure about whether their ambulatory can-
cer patients who are receiving chemotherapy should be
on any form of prophylaxis. What is your opinion?

Dr. Deitelzweig: That question comes up regularly
because these patients are encountered across many
medical specialties. At this point, all of the large organ-
izations, including ASCO and NCCN, are advocating
that prophylaxis is not indicated for such patients.
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■ CASE 1: SURGERY FOR OVARIAN CANCER

A 54-year-old woman is undergoing debulking surgery for
ovarian adenocarcinoma. Her only comorbid condition is
well-controlled hypertension, and she has no history of
VTE. Her body mass index is 32.

True or false? Pharmacologic prophylaxis with low-dose
UFH has been proven superior to mechanical prophylaxis
for the prevention of VTE in this setting.

Strictly speaking, this is false, but that is not the end of
the story. Not every specific patient population has
been studied with adequate statistical power, so in some
cases extrapolation from other patient populations is
justified. This woman is at high risk for VTE despite
her young age and not having a prior VTE. Her risk
factors for VTE are obesity, an advanced malignancy
(as evidenced by the need for a debulking procedure),
and the risk of a hypercoagulable state from her adeno-
carcinoma.

In the ACCP guidelines,34 intermittent pneumatic
compression devices are considered acceptable prophy-
laxis in the setting of our case patient. This contrasts
with other patients undergoing high-risk surgical proce-
dures, such as orthopedic surgery patients.  

The data to support this recommendation are sparse,
however. There is one randomized trial that directly
compared pneumatic compression devices with low-dose
UFH.42 Each arm of the study contained about 100
patients, and there were more thrombi in the low-dose
UFH arm than in the pneumatic compression arm (7 vs
4, respectively), but this difference was not statistically
significant, as there was only a handful of events. Low-
dose UFH also was associated with higher rates of blood
transfusion and increased volumes of retroperitoneal
drainage, raising some concern over safety, but these
complications did not lead to an increase in subsequent
operations to decompress hematomas. 

Although this study’s sample size was inadequate for
drawing conclusions, many gynecologic surgeons are
relying on mechanical prophylaxis as a result of these
data, citing concern that pharmacologic prophylaxis has
not specifically been proven superior to pneumatic com-
pression devices in these patients. We would caution,
however, that absence of proof is not proof of absence.
When examining a data set this small in the face of an
abundance of data in other cancer surgeries and other
types of surgeries indicating that LMWH and UFH

work very well in the prevention of VTE—and in some
cases work better than pneumatic compression—perhaps
we should not restrict ourselves to this single study to
guide our decision-making.

True or false? In studies demonstrating efficacy of LMWH
and/or UFH for prevention of perioperative VTE in patients
undergoing abdominal pelvic surgery for malignancy, therapy has
generally been started preoperatively rather than postoperatively.

This is true. In all major trials examining pharmacologic
prophylaxis in patients undergoing abdominal pelvic
surgery for malignancy, treatment was initiated preoper-
atively, often 2 hours before surgery.43 This has also been
the general timing of administration of anticoagulation
in the general surgery population.

Nevertheless, clinical practice often differs from
practices demonstrated in the literature to be effective.
Data from randomized trials tell us that preoperative
administration of LMWH and UFH, when used in pro-
phylactic doses, is efficacious and adequately safe, yet
reluctance to perform invasive procedures persists in
patients who have received prophylactic doses of anti-
coagulation preoperatively.

True or false? Mechanical measures for prophylaxis are
widely used in patients like this, but no randomized trials
have demonstrated their efficacy.
This is false, but again the answer is compromised by
the small sample size of relevant trials. One small study
(N = 107) has documented the efficacy of sequential
compression devices for 5 days in patients undergoing
gynecologic cancer surgery.44 In this study, 13% of
patients who received the compression devices devel-
oped VTE compared with 35% of controls. Although
this was a small study, the extremely high incidence of
VTE in patients undergoing gynecologic cancer surgery
is concerning. Even though these patients are not
always elderly, they represent a very high-risk popula-
tion that warrants prophylaxis as aggressive as what we
use in our orthopedic surgery patients. 

What should be recommended as perioperative 
prophylaxis in this patient?

Pharmacologic prophylaxis is the best-studied approach,
and we would encourage its use in this case even though
evidence from large randomized prospective trials in this
specific population is lacking.

Case studies in cancer surgery patients
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■ CASE 2: SURGERY FOR GLIOBLASTOMA

A 43-year-old previously healthy man undergoes neuro-
imaging following a seizure and is found to have a large
heterogeneous brain tumor invading the corpus callosum.
Resection is planned.

True or false? Prophylactic anticoagulation should be dis-
couraged based on the risk of perioperative hemorrhage.
This is false, but with a caveat. The consequences of an
intracranial hemorrhage are often catastrophic. Despite
this, researchers have studied systematically the use of
pharmacologic prophylaxis in patients undergoing neu-
rosurgery. In most of these studies, the anticoagulation
was initiated the day after surgery rather than prior to
surgery, in contrast to studies in patients undergoing
abdominal pelvic surgery. 

Agnelli et al conducted a study of 307 neurosurgical
patients randomized to compression stockings alone or
compression stockings plus enoxaparin.31 Ninety-seven
percent of patients underwent surgery for a tumor, and
the procedure was intracranial in 85%. Enoxaparin 40
mg subcutaneously once daily (or matching placebo)
was started the day after surgery.

Enoxaparin was associated with a 49% relative
reduction (P = .004) in the incidence of VTE. Intra-
cranial bleeding occurred in 4 placebo recipients and 3
enoxaparin recipients, illustrating that neurosurgery
patients are at risk for intracranial hemorrhage but that
prophylactic doses of anticoagulation are probably not
the primary driver; instead, the surgery itself may be the
main cause of hemorrhaging. There was a trend toward
an increase in minor but not major bleeding with
enoxaparin. Sixty-day mortality was no different
between the groups, although 2 patients randomized to
placebo died of autopsy-proven PE.31

Neurosurgery patients are at high risk for fatal
thromboembolic disease, and even though intracranial
hemorrhage is probably the most feared complication, it
is not certain to cause death more often than VTE does.
In this study, more patients died from fatal PE than from
anticoagulation-associated intracranial hemorrhage,
although the difference was not statistically significant.31

A meta-analysis examining the use of LMWH or
UFH prophylaxis in neurosurgery patients found a 52%
relative reduction in both proximal thromboembolic
events and silent distal events with anticoagulant pro-
phylaxis.33 The number needed to treat to prevent one
proximal VTE was 16, underscoring these patients’ high
risk of thrombosis. Among 1,022 patients evaluated for

safety, adjudicated bleeding deaths occurred in 2 controls
and 2 treated patients. Among the treated patients, one
hemorrhage started during surgery, prior to anticoagulant
use, and the other occurred during full-dose anticoagula-
tion and after confirmed VTE, which again suggests that
intracranial bleeding may be more feared than real for
most patients. Among the 827 patients evaluated for effi-
cacy, fatal thromboembolic events occurred in 1 treated
patient and 2 controls. Anticoagulant prophylaxis was
associated with a statistically significant increase in
minor bleeding but not major bleeding.  

The surgeon agrees to use pharmacologic prophylaxis and also
decides to use sequential compression devices. The surgery is
successful, but on postoperative day 22 the patient presents
from rehabilitation with swelling of the left leg. Ultrason-
ography confirms an acute left common femoral DVT.

True or false? Given the risk of full-dose anticoagulation in this
patient, an inferior vena cava (IVC) filter should be placed.
This is false. Placement of an IVC filter is not recom-
mended in this patient unless reoperation is anticipated,
the patient already has had surgical bleeding complica-
tions, or the patient is at uniquely high bleeding risk for
some other reason.

A study from the 1980s illustrates a favorable overall
risk-benefit profile for anticoagulation in glioma
surgery.45 The study assessed postoperative treatment of
documented VTE (not merely VTE prophylaxis) in 109
patients with glioma, 103 of whom were treated with
anticoagulants. Of the 6 patients who were not treated
with anticoagulants, 3 suffered a fatal PE. Among the
103 patients who received treatment with full-dose anti-
coagulation, 3 suffered intracranial hemorrhage. Thus,
although full-dose anticoagulation did increase the risk
of bleeding in neurosurgery patients with documented
VTE, this risk clearly did not outweigh the benefit of
treating VTE, as demonstrated by the 50% rate of fatal
PE in the absence of treatment.

IVC filters are often used in patients who have had
recent neurosurgery because these patients are believed to
be at increased risk of intracranial hemorrhage with anti-
coagulation. Levin et al examined 42 cases in which an
IVC filter was placed in patients with central nervous sys-
tem tumors.46 Despite the IVC filter, 12% of patients
developed PE and 57% developed either IVC or filter
thrombosis, recurrent DVT, or post-phlebitic syndrome.
The authors concluded that the complication rate associ-
ated with an IVC filter in this population is higher than
perceived and outweighs the risk of anticoagulation.
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