
Recommendations from the ICM-VTE:
Oncology

The ICM-VTE Oncology Delegates*

1 - VTE in Bone Metastasis
A. What is the overall risk for VTE in this patient pop-

ulation and what are the factors that increase VTE risk in this
patient population?

B. What is the optimal VTE prophylaxis protocol in
this patient population when also taking into consideration
bleeding risk?

Response/Recommendation: Patients that undergo pro-
phylactic fixation or pathological fracture fixation due to met-
astatic bone disease have a high risk of developing venous
thromboembolism (VTE). Risk factors include patient char-
acteristics such as age and comorbidities, as well as extent of
surgery and duration of surgery. In the absence of contrain-
dications, patients that undergo surgery or hospitalized pa-
tients should be administered thromboprophylaxis with or
without mechanical prophylaxis. At this time, we do not have
sufficient evidence to make specific recommendations for the
type of thromboprophylaxis.

Strength of Recommendation: Limited.
Delegates vote: Agree 92.31% Disagree 0.0% Abstain

7.69% (Strong Consensus)

A. What is the overall risk for VTE in this patient population
and what are the factors that increase VTE risk in this
patient population?

Rationale: VTE, encompassing deep venous thrombosis
(DVT) and pulmonary embolism (PE), is a major public
health problem that affects 300,000 to 600,000 individuals in
the United States each year and is accompanied by considerable
morbidity andmortality. Some of that is related to bone tumors
and bone metastasis1.

Patients with long-bone or spinal metastases who un-
dergo surgery have a high risk of developing VTE, with VTE
diagnosed in 6% following long bone surgery1 and with an
overall incidence of VTE in spinal surgery (16.9%)2. The av-
erage age for patients with VTE in spine metastasis surgery was
57 years and 62% were male2. Risk factors also include type of
operation. One study noticed that it is highly unlikely for

patients with intramedullary nails to develop DVT compared
to patients with knee prostheses (odds ratio [OR] = 0.11, rel-
ative risk [RR] = 1.16)3. Patients that underwent prophylactic
fixation had a significantly higher rate of PE than the patho-
logical fracture group (2.1% compared with 1.2%; p = 0.008),
with an OR of approximately 2.04.

Blood transfusions are known to increase the risk of VTE
events in overall cancer patients. Khorana et al., found VTE
rates of 7.2% (venous) and 5.2% (arterial) in cancer patients
that received red blood cell transfusions. These rates were
significantly higher than the comparative group that did not
receive a transfusion. (3.8 and 3.1%)5. Therefore, a cautious
approach to the use of blood transfusions during metastatic
bone cancer surgery is recommended3.

Some studies have explored the association between op-
erative time and postoperative VTE. Tominaga et al., found that
20 of 80 patients had VTE after spinal surgery. The median
operative time for patients with VTE and without VTE was
212.5 minutes and 177.5 minutes, respectively. A large-scale
retrospective study in spinal metastatic patients showed that
longer operative time was independently associated with an
increased risk of postoperative symptomatic VTE. The risk of
VTE increased by 15% for every additional hour of surgery.
Operative time of ‡ 4 hours was an independent predictor of
VTE after spinal surgery6.

Patients who undergo surgical treatment for lower limb
pathological fracture due to malignancy are at increased risk of
DVT or death due to PE under current general thrombopro-
phylaxis regimens. The risk is higher for the immediate post-
operative period (10 days). The risk is increased by the presence
of other metastases, arthroplasty reconstruction, and periop-
erative adjuvant therapy (radiotherapy, chemotherapy)3.

B. What is the optimal VTE prophylaxis protocol in this
patient population when also taking into consideration
bleeding risk?

Rationale: Previous studies have shown that the rate of
VTE in patients receiving VTE prophylaxis was 9.1% in the
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group that received early prophylaxis (days 1–3) and 35.7% in
the delayed group (26.6% absolute risk reduction; p=0.049)2.
Patients who underwent prophylactic fixation of a metastatic
femoral lesion had a significantly higher rate of PE than the
pathological fracture group (2.1% compared with 1.2%; p =
0.008), with an OR of approximately 2.04. There was no dif-
ference in VTE events between the type of anticoagulation
used. (OR = 0.21, RR = 0.98)3.

There is limited literature onwhat the optimal prophylaxis
for orthopedic oncology and metastasis surgery. The guideline
for treatment for cancer patients in general stated by the
American Society of Clinical Oncology (ASCO) is divided on
patient categories, such as: hospitalized patients, outpatients,
patients undergoing surgery, and patients with established VTE7.
In hospitalized patients who have active malignancy and acute
medical illness or reduced mobility, pharmacologic thrombo-
prophylaxis should be offered in the absence of bleeding or other
contraindications but should not be offered for the sole purpose
of minor procedures or chemotherapy infusion7. Not all cancer
outpatients require VTE prophylaxis, and the decision to use
prophylaxis depends on the type of cancer being treated and the
type of chemotherapeutic regimen7.

All patients with malignant disease undergoing major
surgical intervention should be offered pharmacologic throm-
boprophylaxis unless contraindicated due to active bleeding, or
high bleeding risk, or other contraindications. Thrombo-
prophylaxis is initiated preoperatively. Mechanical prophy-
laxis should not be the only precautionary method used and
should be combined with pharmacological thromboprophy-
laxis in high risk patients7.

Regarding the choice of VTE prophylaxis, different kinds
of agents including low-molecular-weight heparin (LMWH),
Vitamin K Antagonist (VKA), Direct Oral Anti Coagulants
(DOAC) and also aspirin are appropriate. One study reported
that aspirin significantly lowered the incidence of acute PE, but
the risk of major bleeding is the same between two groups8.

A network meta-analysis reported that the OR for re-
current VTE in the group receiving VKA was 0.67 (95% con-
fidence interval [CI], 0.40-1.15, p 0.147), and 0.96 (95% CI,
0.52-1.75, p 0.886) in the group LMWH9. Anticoagulants
such as LMWH emerged with the highest cumulative ranking
probability for the efficacy endpoint, while DOAC had the
highest cumulative ranking probability for the safety end-
point10. Other studies reported that DOAC lowered the inci-
dence of 6-month recurrent VTE when compared to LMWH
(RR 0.56, 95%CI 0.40–0.79; p < 0.001, estimated heterogeneity
[I2] 59%)11 and incidence of major bleeding was not signifi-
cantly different between DOAC and LMWH treated patients
(RR 1.56, 95%CI 0.95–2.47, p= n.s.)9. However, anothermeta-
analysis showed that LMWH has significant reduction in re-
current VTE events (RR: 0.52; 95% CI: 0.36 to 0.74) whereas
DOAC did not (RR: 0.66; 95% CI: 0.39 to 1.11)12.

LMWH has shown efficacy and safety comparable with
the use of DOAC in patients with cancer and VTE, with a non-
significant trend toward a better efficacy with DOAC while

LMWH was associated with lower rates of bleeding over
DOAC13. We conclude that larger studies regarding optimal
VTE prophylaxis are required to make definitive conclusions as
to the most efficacious and safe thromboprophylaxis in bone
metastasis patients.

Mohammad H. Basuki, Yusuf Rizal, Andreas Leithner,
Felasfa Wodajo, Panayiotis J. Papagelopoulos, Michelle Ghert
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2 - For Primary Bone Tumours/Sarcoma Patients
A. What is the overall risk for VTE in this patient pop-

ulation and what are the factors that increase VTE risk in this
patient population?B. What is the optimal VTE prophylaxis
protocol in this patient population when also taking into con-
sideration bleeding risk?
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Response/Recommendation: Patients undergoing sar-
coma surgery have a high risk of venous thromboembolism
(VTE) with multiple common risk factors relating to the patient
population, surgery, and complications. Patients should have
chemoprophylaxis with either low-molecular-weight heparin
(LMWH) or aspirin (ASA) unless very high bleeding risk,
combined with pneumatic compression.

Strength of Recommendation: Limited.
Delegates vote: Agree 92.31% Disagree 7.69% Abstain

0.0% (Strong Consensus)
Rationale: Major orthopaedic surgeries and oncological

patients have increased risk for VTE, with the mean incidence
of all VTE events in orthopaedic oncology patients being 10.7%
(1.1% to 27.7%). Risk factors for increased events include
endoprosthetic replacements, hip and pelvic resections, surgi-
cal procedures taking longer than 3 hours, and chemotherapy14,
all of which are common with sarcoma surgeries. Higher
preoperative white blood cell count (odds ratio [OR] 1.15,
95% confidence interval [CI] 1.01-1.29) and post-operative
wound complications (OR 5.01, 95% CI 1.93-13.55) were
found to be independent risk factors for VTE15. The risk of
wound complications increased significantly in patients
with primary bone sarcoma who received chemical pro-
phylaxis (OR 2.21, 95% CI 1.00-4.87)15. Regarding pulmo-
nary embolism (PE) specifically, primary malignant bone
tumours, bone tumour resections and prosthetic recon-
structions had significantly higher risk than soft tissue
tumours or soft tissue tumours resections16.

There is varied evidence on whether chemoprophylaxis
will decrease VTE rates. One study stated there was no
identified significant difference with use of chemoprophy-
lactic agent and incidence of VTE in patients undergoing
mega-endoprosthetic reconstruction after cancer resection17.
However, it was also found that in populations where there
was consistent and careful prophylaxis until time of weight-
bearing, there was a low occurrence of VTE events (1.1%)18.
As stated above, chemoprophylaxis may increase wound
complications, which in turn may increase chance of VTE
events due to prolonged immobilization or additional sur-
geries. This would suggest that there should be allowance
within this recommendation to modify the treatment de-
pending on independent patient risk factors regarding pro-
phylactic treatment.

There is limited literature on optimal prophylaxis. When
looking at patients that had hip replacements for oncologic
indications, there is a low rate of deep vein thrombosis (DVT)
when pneumatic compression devices are supplemented with
LMWH19. There was no significant difference regarding DVT
rate when ASA versus LMWH was used to supplement the
pneumatic compressions devices20.

Given that there is multiple risk factors and a high overall
risk within the population, and varied evidence suggesting either
no improvement, to improvement with a combination of
pneumatic and chemoprophylaxis, it would be recommended to
give chemoprophylaxis unless specific patient factors such as

high bleeding risk suggest otherwise. The type of chemopro-
phylaxis can be surgeon’s choice, with ASA and LMWH being
viable possibilities. Routine prophylaxis until full weight-bearing
has a chance of decreasing the possibility of VTE events in a
high-risk population.

Tanis Worthy, Michelle Ghert, Mohammad H. Basuki,
Felasfa Wodajo, Andreas Leithner, Panayiotis J. Papagelopoulos,

Jashvant Poeran
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3 - What orthopedic tumor-related surgeries require
routine prophylaxis?

Response/Recommendation: Patients undergoing resec-
tion procedures for bone metastasis or procedures that involve
prosthesis reconstruction are at higher risk of venous throm-
boembolism and require routine prophylaxis.

Strength of Recommendation: Limited.
Delegates vote: Agree 100.0% Disagree 0.0% Abstain

0.00% (Unanimous Strong Consensus)
Rationale:Most of the current literature that evaluated the

risk of venous thromboembolism (VTE) after musculoskeletal
oncology procedures were for primary and metastatic tumors
involving the lower extremities21-34. In studies that administered
only mechanical prophylaxis or only had a low proportion of
patients that received pharmacologic thromboprophylaxis,
the VTE rates (2.7% – 23.4%) were higher when compared
with studies that administered pharmacologic prophylaxis in
most or all of the patients (1.1 – 6.3%)21-28,30-34. However,
clinical heterogeneity (e.g., tumor characteristics, including
primary or metastatic tumor, benign or malignant tumor,
soft tissue or bone tumor, tumor location, type of surgical
procedure, agents for thromboprophylaxis, a protocol for
VTE surveillance) across studies made it difficult to have a
direct comparison of VTE rates between patients who
received pharmacologic thromboprophylaxis with those that
did not receive prophylaxis.
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Several studies have identified certain tumor charac-
teristics or procedure types as risk factors for VTE events.
These include prosthesis reconstruction procedures32,35,
tumors located in the pelvis25, hip or thigh33, and bone
metastasis21,29. Three large retrospective case series admin-
istered pharmacologic thromboprophylaxis in most of the
patients (75.7% – 100%) and validated relatively low VTE
rates (1.1% – 4.6%) following prosthesis reconstruction
after resection of primary malignant and metastatic lower
limb tumors (mostly, around hip and knee joints), sug-
gesting that pharmacologic thromboprophylaxis was effec-
tive for these complex procedures23-25.

Three large, retrospective case series reported VTE rates in
patients who had been surgically treated for skeletal metastasis,
including spinal22 and non-spinal metastasis36,37. Most of the pa-
tients (79% – 86%) received pharmacologic thromboprophylaxis.
The overall VTE rates were high (6 – 11.4%)36-38. Risk factors for
VTE included the presence of pulmonary metastasis37, intra-
operative desaturation37, and longer surgery duration38. The results
for intramedullary nailing as a risk factor VTE were inconclu-
sive36,37. Despite the need for thromboprophylaxis in patients with
high VTE risks, individualized evaluation and weighing the po-
tential risk of bleeding with the benefits of thromboprophylaxis is
required. For patients who are not able to receive pharmacologic
prevention due to a high risk for bleeding, a combination of
inferior vena cava filter andmechanical compression devicemight
be an effective alternative32,39.

Currently, there is a lack of high-quality studies to con-
clude a specific population with regards to tumor characteris-
tics or procedure type that requires prophylaxis. However,
there is some evidence to support that patients undergoing
resection procedures for bone metastasis or procedures that
involve prosthesis reconstruction require prophylaxis because
of a higher VTE risk.

Shang-Wen Tsai, Te-Feng Arthur Chou, Wei-Ming Chen
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Clinically significant thromboembolic disease in orthopedic oncology: an analysis of
986 patients treated with low-molecular-weight heparin. J Surg Oncol. 2010 Oct 1;
102(5):375-9.
25. Nathan SS, Simmons KA, Lin PP, Hann LE, Morris CD, Athanasian
EA, Boland PJ, Healey JH. Proximal deep vein thrombosis after hip
replacement for oncologic indications. J Bone Joint Surg Am. 2006 May;
88(5):1066-70.
26. Patel AR, Crist MK, Nemitz J, Mayerson JL. Aspirin and compression
devices versus low-molecular-weight heparin and PCD for VTE prophylaxis
in orthopedic oncology patients. J Surg Oncol. 2010 Sep 1;102(3):
276-81.

27. Mendez GM, Patel YM, Ricketti DA, Gaughan JP, Lackman RD, Kim TWB. Aspirin
for Prophylaxis Against Venous Thromboembolism After Orthopaedic Oncologic
Surgery. J Bone Joint Surg Am. 2017 Dec 6;99(23):2004-10.
28. Yamaguchi T, Matsumine A, Niimi R, Nakamura T, Matsubara T, Asanuma
K, Hasegawa M, Sudo A. Deep-vein thrombosis after resection of
musculoskeletal tumours of the lower limb. Bone Joint J. 2013 Sep;95-B(9):
1280-4.
29. Kim SM, Park JM, Shin SH, Seo SW. Risk factors for post-operative venous
thromboembolism in patients with amalignancy of the lower limb. Bone Joint J. 2013
Apr;95-B(4):558-62.
30. Damron TA, Wardak Z, Glodny B, Grant W. Risk of venous thromboembolism in
bone and soft-tissue sarcoma patients undergoing surgical intervention: a report
from prior to the initiation of SCIP measures. J Surg Oncol. 2011 Jun 1;103(7):
643-7.
31. Morii T, Mochizuki K, Tajima T, Aoyagi T, Satomi K. Venous thromboembolism in
the management of patients with musculoskeletal tumor. J Orthop Sci. 2010 Nov;
15(6):810-5.
32. Tuy B, Bhate C, Beebe K, Patterson F, Benevenia J. IVC filters may prevent fatal
pulmonary embolism in musculoskeletal tumor surgery. Clin Orthop Relat Res. 2009
Jan;467(1):239-45.
33. Mitchell SY, Lingard EA, Kesteven P, McCaskie AW, Gerrand CH. Venous
thromboembolism in patients with primary bone or soft-tissue sarcomas. J Bone
Joint Surg Am. 2007 Nov;89(11):2433-9.
34. Lin PP, Graham D, Hann LE, Boland PJ, Healey JH. Deep venous thrombosis
after orthopedic surgery in adult cancer patients. J Surg Oncol. 1998 May;68(1):
41-7.
35. Ogura K, Yasunaga H, Horiguchi H, Ohe K, Kawano H. Incidence and risk factors
for pulmonary embolism after primary musculoskeletal tumor surgery. Clin Orthop
Relat Res. 2013 Oct;471(10):3310-6.
36. Groot OQ, Ogink PT, Janssen SJ, Paulino Pereira NR, Lozano-Calderon S, Raskin
K, Hornicek F, Schwab JH. High Risk of Venous Thromboembolism After Surgery for
Long Bone Metastases: A Retrospective Study of 682 Patients. Clin Orthop Relat
Res. 2018 Oct;476(10):2052-61.
37. Ratasvuori M, Lassila R, Laitinen M. Venous thromboembolism after surgical
treatment of non-spinal skeletal metastases - An underdiagnosed complication.
Thromb Res. 2016 May;141:124-8.
38. Groot OQ, Ogink PT, Paulino Pereira NR, Ferrone ML, Harris MB, Lozano-
Calderon SA, Schoenfeld AJ, Schwab JH. High Risk of Symptomatic
Venous Thromboembolism After Surgery for Spine Metastatic Bone Lesions:
A Retrospective Study. Clin Orthop Relat Res. 2019 Jul;477(7):1674-86.
39. Benevenia J, Bibbo C, Patel DV, Grossman MG, Bahramipour PF, Pappas PJ.
Inferior vena cava filters prevent pulmonary emboli in patients with metastatic
pathologic fractures of the lower extremity. Clin Orthop Relat Res. 2004 Sep;(426):
87-91.

4 - How should VTE prophylaxis protocols be adjusted for
surgical repairs of pathological fractures or orthopaedic
surgery in a patient with a history of malignancy or
concurrent malignancy?

Response/Recommendation: Patients undergoing surgical
repairs of pathological fractures or those undergoing orthopaedic
surgery with a history of malignancy or concurrent malignancy
are at high risk for development of venous thromboembolism
(VTE). While guidelines may provide some guidance in terms
of choice of chemical agent and duration, the current evi-
dence base is insufficient in determining optimal prophylaxis
strategies, especially in light of factors that may further impact
VTE risk in this high-risk population such as primary tumor
site.

Strength of Recommendation: Limited.
Delegates vote: Agree 92.86% Disagree 7.14% Abstain

0.0% (Strong Consensus)
Rationale:Major orthopaedic surgery, history of or con-

current malignancy, and major injury including fractures
all represent independent risk factors for VTE40,41. For major
elective orthopaedic surgery, VTE rates of >2%42,43 have been
reported while this can be up to 15% or higher (depending on

235

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 104-A d NUMBER 6 (SUPPLEMENT 1) d MARCH 16, 2022
RECOMMENDATIONS FROM THE ICM-VTE: ONCOLOGY



various factors such as concomitant treatment, age, and type
of malignancy) for patients with a malignancy44 and 2-13%
among patients with a pathological fracture45-48. It is unclear to
what extent these independent risk factors represent a com-
bined additive VTE risk in patients undergoing surgical repair
of pathological fractures or other orthopaedic surgery with a
history of malignancy or concurrent malignancy.

Given the co-existence of several individual risk fac-
tors, it is clear that this patient population should be con-
sidered at high risk of VTE49. However, arguably the most
commonly cited VTE prophylaxis guideline specific to
orthopaedic surgery, published by the American College of
Chest Physicians (ACCP)43, does not provide clear guidance
on prophylactic strategies for these patients. Moreover, while
the American Academy of Orthopaedic Surgeons (AAOS)
guideline includes studies that acknowledge cancer as a risk
factor for VTE, it is solely focused on elective hip and knee
arthroplasty surgery50. Some risk-stratified guidance does
exist in the ACCP guideline for VTE prophylaxis in non-
orthopaedic surgical patients51 recommending pharmacologic
prophylaxis with low-molecular-weight heparin (LMWH),
(Grade 1B) or low-dose unfractionated heparin (Grade 1B) over
no prophylaxis with the suggested addition of mechanical pro-
phylaxis with elastic stockings or intermittent pneumatic com-
pression (Grade 2C) for patients at high risk for VTE but not at
high risk for major bleeding complications. For high-risk patients
undergoing abdominal or pelvic surgery for cancer, extended-
duration postoperative, pharmacologic prophylaxis (4 weeks) is
recommended (Grade 1B).

The preference for LMWH, extended duration of pro-
phylaxis (up to 35 days) and concomitant use of intermittent
pneumatic compression is reflected in the ACCP guideline for
VTE prophylaxis in orthopaedic surgical patients, for those
with the highest VTE risk43. This is also reflected in guidance
from the United Kingdom’s National Institute for Health and
Care Excellence (NICE) with a recommended duration of one
month and the addition of fondaparinux as an option for
highest-risk orthopaedic surgeries52.

Overall, the most common long-bone pathologic
fractures include femur, tibia and humerus fractures53. The
sparse literature focusing on VTE and prophylaxis in this
specific patient population includes only a handful of
observational studies45,46,54, almost none including a com-
parison between chemical prophylaxis strategies. For
example, Shallop et al., retrospectively reviewed VTE rates
and prophylaxis among 287 patients with impending or
pathologic long-bone fractures stabilized with intramed-
ullary nailing54. They found that LMWH (60.4% of cases)
and warfarin (16.7% of cases) were the most commonly used
chemical agents and protocols in all included centers directed
chemical VTE prophylaxis for two weeks postoperatively.
Importantly, the type of anticoagulant used was not associated
with development of VTE, suggesting either a likely under-
powered study (given the low number of VTE events) or the
limited utility of the utilized chemical prophylaxis strategies to

impact VTE risk in this high-risk population54. There was also
no relationship between VTE prophylaxis and wound com-
plications54. One factor that did impact VTE risk was primary
histology, with higher VTE risks seen in patients with a primary
tumor of the lung54.

Similarly, in a cohort of 85 lower limb pathologic
fractures, Mioc et al., found LMWH to be the most com-
monly used prophylactic agent, and no association between
type of agent and deep venous thrombosis (DVT) (pulmo-
nary embolism [PE] was not considered), further suggesting
that “a more aggressive prophylactic protocol should be used”
in these patients45.

In conclusion, while it is clear that patients with a (his-
tory of) malignancy undergoing orthopaedic surgery, or spe-
cifically, surgical repair of a pathological fracture, are at high
risk for VTE, the current evidence base does not support a clear
VTE prophylaxis strategy. Evidence-based guidance is lacking
on the type of agent, duration of prophylaxis, and how to
modify options based on additional risk factors such as site of
primary tumor. There is some guidance from current guide-
lines, however, prospective comparative studies are needed to
refine recommendations.

Jashvant Poeran, Panayiotis J. Papagelopoulos, Tanis Worthy,
Michelle Ghert, Mohammad H. Basuki, Felasfa Wodajo,

Andreas Leithner.
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