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Abstract

The NCCN Guidelines for Cancer-Associated Venous Thromboembolic Disease outline strategies for treatment and prevention of
venous thromboembolism (VTE) in adult patients with a diagnosis of cancer or for whom cancer is clinically suspected. VTE is a com-
mon complication in patients with cancer, which places them at greater risk for morbidity and mortality. Therefore, risk-appropriate
prophylaxis is an essential component for the optimal care of inpatients and outpatients with cancer. Critical to meeting this goal is
ensuring that patients get the most effective medication in the correct dose. Body weight has a significant impact on blood volume
and drug clearance. Because obesity is a common health problem in industrialized societies, cancer care providers are increasingly
likely to treat obese patients in their practice. Obesity is a risk factor common to VTE and many cancers, and may also impact the
anticoagulant dose needed for safe and effective prophylaxis. These NCCN Guidelines Insights summarize the data supporting new
dosing recommendations for VTE prophylaxis in obese patients with cancer. (J Natl Compr Canc Netw 2015;13:1079-1095)
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Please Note
The NCCN Clinical Practice Guidelines in Oncology
(NCCN Guidelines®) are a statement of consensus of the
authors regarding their views of currently accepted ap-
proaches to treatment. The NCCN Guidelines® Insights
highlight important changes to the NCCN Guidelines®
recommendations from previous versions. Colored
markings in the algorithm show changes and the discus-
sion aims to further the understanding of these changes
by summarizing salient portions of the NCCN Guide-
line Panel discussion, including the literature reviewed.
These NCCN Guidelines Insights do not represent the
full NCCN Guidelines; further, the National Comprehen-
sive Cancer Network® (NCCN®) makes no representation
or warranties of any kind regarding the content, use, or ap-
plication of the NCCN Guidelines and NCCN Guidelines
Insights and disclaims any responsibility for their applications
or use in any way.

The full and most current version of these NCCN
Guidelines are available at NCCN.org.

© National Comprehensive Cancer Network, Inc.
2015, All rights reserved. The NCCN Guidelines and the
illustrations herein may not be reproduced in any form
without the express written permission of NCCN.
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management of patients with cancer. There is no fee for this
article. The National Comprehensive Cancer Network (NCCN)
is accredited by the ACCME to provide continuing medical ed-
ucation for physicians. NCCN designates this journal-based CE
activity for a maximum of 1.0 AMA PRA Category 1 Credit™.
Physicians should claim only the credit commensurate with
the extent of their participation in the activity.

NCCN is accredited as a provider of continuing nursing educa-
tion by the American Nurses Credentialing Center’'s Commis-
sion on Accreditation.

NCCN designates this educational activity for a maximum of
1.0 contact hour. Accreditation as a provider refers to recog-
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products discussed/displayed in conjunction with the edu-
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http://education.nccn.org/node/73237; and 4) view/print cer-
tificate.
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Upon completion of this activity, participants will be able to:
¢ Integrate into professional practice the updates to the
NCCN Guidelines for Cancer-Associated Venous Throm-
boembolic Disease
¢ Describe the rationale behind the decision-making pro-
cess for developing the NCCN Guidelines for Cancer-
Associated Venous Thromboembolic Disease

Disclosure of Relevant Financial Relationships

Editor:

Kerrin M. Green, MA, Assistant Managing Editor, JNCCN—Journal of the National Comprehensive Cancer Network, has disclosed

that she has no relevant financial relationships.

CE Planners:

Deborah J. Moonan, RN, BSN, Director, Continuing Education, NCCN, has disclosed that she has no relevant financial relationships.
Ann Gianola, MA, Manager, Continuing Education Accreditation & Program Operations, NCCN, has disclosed that she has no rel-
evant financial relationships.

Kristina M. Gregory, RN, MSN, OCN, Vice President, Clinical Information Operations, NCCN, has disclosed that she has no relevant
financial relationships.

Rashmi Kumar, PhD, Senior Manager, Clinical Content, NCCN, has disclosed that she has no relevant financial relationships.

Individuals Who Provided Content Development and/or Authorship Assistance:

Michael B. Streiff, MD, has disclosed that he receives consulting fees from BiO2 Medical Inc.; CSL Behring; Janssen Pharmaceuticals,
Inc. He receives research support from Daiichi Sankyo, Inc., Janssen Pharmaceuticals, Inc., Portola Pharmaceuticals, Inc.

Bjorn Holmstrom, MD, has disclosed that he has no relevant financial relationships.

Thomas L. Ortel, MD, PhD, has disclosed that he is a principal investigator for Daiichi Sankyo Company, Eisai Inc., GlaxoSmithKline,
and Pfizer Inc.; is an advisory board member for Daiichi Sankyo Company; and receives consultant fees/honoraria from Instrumenta-
tion Laboratory.

Tzu-Fei Wang, MD, has disclosed that she has no relevant financial relationships.

Nicole R. McMillian, MS, Guidelines Coordinator, NCCN, has disclosed that she has no relevant financial relationships.

Anita M. Engh, PhD, Oncology Scientist/Medical Writer, NCCN, has disclosed that she has no relevant financial relationships.

Supported by an educational grant from Eisai; a contribution from Exelixis Inc.; educational grants from Bristol-Myers Squibb, Genentech BioOncology,
Merck, Novartis Oncology, Novocure; and by an independent educational grant from Boehringer Ingelheim Pharmaceuticals, Inc.

© JNCCN—]Journal of the National Comprehensive Cancer Network | Volume 13 Number9 | September 2015



NCCN Guidelines Insights

Cancer-Associated Venous Thromboembolic Disease, Version 1.2015

INPATIENT/OUTPATIENT PROPHYLACTIC ANTICOAGULATION TREATMENT"2:3

« Dalteparin 5,000 units SC daily

(category 1 for inpatient)

Agent Standard Dosing Obesity Dosing (BMI 240 kg/m?)*
LMWH5

Consider 7500 units SC daily (limited data)

(category 1 for inpatient)

* Enoxaparin 40 mg SC daily Consider 40 mg SC every 12 hours
(category 1 for inpatient)

Fondaparinux® 2.5 mg SC daily Consider 5 mg SC daily (limited data)
(category 1 for inpatient)

UFH 5,000 units SC every 8-12 hours Consider 7500 units SC every 8 hours

Aspirin 81-325 mg daily
(for low-risk multiple myeloma outpatients only)’
Warfarin Adjusted to INR 2-38

For Diagnosis and Treatment of HIT See (HIT-1)

1Agent selection based on: Renal failure (C,, <30 mL/min), FDA approval, cost, ease of administration, monitoring, and ability to reverse anticoagulation.

2Follow institutional standard operating procedures (SOPSs) for dosing schedules. If no SOPs then use the American College of Chest Physicians (ACCP)
recommendations. (Kahn SR, Lim W, Dunn AS, et al. Prevention of VTE in nonsurgical patients: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest 2012;141:e195S-226S; and Garcia DA, Baglin TP, Weitz JI, Samama MM.
Parenteral anticoagulants: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of Chest Physicians Evidence-Based Clinical Practice

Guidelines. Chest 2012;141:24S-43S [www.chestjournal.org]).

3Fo|lowing initiation of heparin: Hemoglobin, hematocrit, and platelet count every 2-3 days up to at least day 14 and every two weeks thereafter or as clinically

indicate

4Given the impact of renal insufficiency on clearance of enoxaparin and fondaparinux, UFH or dalteparin are recommended for obese patients with severe renal

impairment (C_, <30 ml/min)

LMWHs should be used with caution in patients with renal dysfunction. Dose adjustments and Anti-Xa monitoring may be required. Follow package insert for renal

dysfunction and-bedy-weight-based dosing.

6Fondaparinux is contraindicated in patients with creatinine clearance <30 mL/min. Use with caution in patients with moderate renal insufficiency (creatinine clearance

30-50 mL/min), weight <50 kg, or age >75 years.

7Use only for lower risk multiple myeloma outpatients with one or fewer individual or myeloma risk factors (See VTE Risk Factors in Cancer Patients [VTE-A]).

8Warfarin (INR 2-3) or LMWH (eg, enoxaparin 40 mg SC every 24 hours) are prophylaxis options for select high-risk myeloma outpatients receiving highly thrombotic
anti-angiogenic therapy (ie, multiple myeloma patients receiving thalidomide/lenalidomide in combination with high-dose dexamethasone [2480 mg per month] or
doxorubicin or multi-agent chemotherapy) or for myeloma patients with two or more individual or myeloma risk factors

(See VTE Risk Factors in Cancer Patients [VTE-A]).

form without the express written permission of NCCN®.

Version 1.2015 © National Comprehensive Cancer Network, Inc. 2015, All rights reserved. The NCCN Guidelines® and this illustration may not be reproduced in any

VTE-C

NCCN Categories of Evidence and Consensus

Category 1: Based upon high-level evidence, there
is uniform NCCN consensus that the intervention is
appropriate.

Category 2A: Based upon lower-level evidence, there
is uniform NCCN consensus that the intervention is
appropriate.

Category 2B: Based upon lower-level evidence, there is
NCCN consensus that the intervention is appropriate.
Category 3: Based upon any level of evidence, there
is major NCCN disagreement that the intervention is
appropriate.

All recommendations are category 2A unless otherwise noted.
Clinical trials: NCCN believes that the best management

for any cancer patient is in a clinical trial. Participation in
clinical trials is especially encouraged.

Overview

Venous thromboembolism (VTE) is a common and
life-threatening condition in patients with cancer.!
Results from large retrospective studies (N>10,000)
indicate that VTE may occur in up to 19% of pa-
tients with cancer, depending on the tumor type.!”
The critical need for clinical practice guidelines fo-
cusing specifically on VTE in patients with cancer
is underscored by studies showing underuse of VTE
prophylaxis among these patients,*® despite the
strong association between VTE and cancer.™!!

The NCCN Clinical Practice Guidelines in On-
cology (NCCN Guidelines) for Cancer-Associated
Venous Thromboembolic Disease outline strategies
to prevent and treat VTE in adult patients with can-
cer, including medically ill or surgery inpatients and
outpatients. These guidelines were developed and are
updated annually by the NCCN Cancer-Associated
Venous Thromboembolic Disease Panel, an inter-
disciplinary group of representatives from NCCN

© JNCCN—Journal of the National Comprehensive Cancer Network | Volume 13 Number 9 | September 2015
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Member Institutions, including specialists in hema-
tology and hematology/oncology, surgery and surgical
oncology, cardiology, internal medicine, pharmacol-
ogy, and pharmacy. In the guidelines, VTE is broadly
defined to include deep venous thrombosis (DVT),
pulmonary embolism (PE), superficial vein thrombo-
sis, and venous thrombosis in other areas of the vas-
culature. Based on assessment of VTE risk and in the
absence of contraindications to anticoagulation, the
guidelines recommend pharmacologic prophylaxis
for medical and surgical patients with cancer during
hospitalization (category 1 recommendation) and in
some cases after discharge (see VTE-1 and VTE-2,
in the full version of these guidelines at NCCN.org).
Obesity is common among patients with cancer and
increases the risk of VTE"%53; therefore, these NCCN
Guidelines Insights focus on a notable addition to the
2015 NCCN Cancer-Associated Venous Thrombo-
embolic Disease Guidelines: prophylactic anticoagu-
lant dosing for patients with obesity.

Obesity and Cancer

Obesity is considered an epidemic in the United
States, affecting at least one-third of the adult popu-
lation,'>'* with rates steadily increasing.'*'® High
body mass index (BMI) is a risk factor for cancer,!™"
and is more prevalent among patients with cancer
compared with the general population. Various es-
timates have been reported for the fraction of can-
cer cases attributable to obesity, ranging from 3.6%
of new cancer cases worldwide to 20% of all cancer
cases.’®?! Obesity is strongly associated with certain
types of cancer, including 8 recognized by the World
Cancer Research Fund: esophageal adenocarcinoma
and colorectal, kidney, pancreatic, gallbladder, post-
menopausal breast, endometrial, and ovarian can-
cers.?* The associations between these cancers and
obesity are supported by a vast body of literature,
including large meta-analyses showing statistically
significant correlations between cancer risk and in-
creasing BML.*® Primary reports and meta-analyses
support that high BMI also increases the risk of ag-
gressive prostate cancer, liver cancer, thyroid cancer,
leukemia, malignant melanoma, and non-Hodgkin’s
lymphoma.'”#-3! Oncologists are likely to encounter
many obese and overweight patients, and these pa-
tients may be particularly difficult to treat, requiring
closer monitoring and more interventions. Practitio-

ners need to be aware of key considerations for pa-
tients with high BMI when determining treatment
choice, dosing, and supportive care.

Effect of Obesity and Cancer on Risk of VTE

One important consideration for supportive care
is that obesity and cancer both increase the risk of
VTE. The presence of cancer increases the VTE risk
by 4- to 7-fold, and may cause up to 20% of VTE
cases.’>? The association between obesity and VTE
is also fairly well established. High BMI (>35 kg/m?)
is included in the calculation of the Khorana score, a
metric for assessing risk of VTE in patients with can-
cer.* A recent population-based study (N>30,000)
in the United States showed that in participants
aged 45 years and older, obesity (BMI>30 kg/m?) was
the variable most strongly correlated with VTE.*
Other notably large studies reporting increased rates
of VTE in patients with high BMI include a popula-
tion-based study in Denmark (N>80,000),%° analy-
sis of a cohort (N>15,000) from the Atherosclerosis
Risk in Communities study,’” and a prospective study
(N>30,000) using the Reasons for Geographic and
Racial Differences in Stroke cohort.*® Likewise, obe-
sity rates are higher among patients diagnosed with
VTE than in the general population.’*#! Interesting-
ly, even among patients with cancer, the risk of VTE
may be higher in those who are obese.*” A recently
reported analysis of 6,710,066 hospitalizations of US
adults found that obesity and metastatic cancer were
significantly and independently associated with di-
agnosis of VTE on hospitalization, indicating that
VTE risk would be significantly higher in patients
with both conditions (obesity and cancer) relative to
those with only one of these risk factors.”

Obesity and Perioperative VTE Risk
In addition to increasing the risk of VTE, high BMI

also increases VTE risk in the perioperative setting.
Across different types of surgery, including surgery for
cancer treatment, BMI correlates with risk of compli-
cations, greater blood loss, increased operating times,
anastomosis leakage, and longer hospital stays.*#
A number of analyses, some based on very large pa-
tient populations (>2 million shoulder arthroplasties;
>20,000 total knee arthroplasties, >26,000 total joint
arthroplasties), have shown that obesity increases

© JNCCN—]Journal of the National Comprehensive Cancer Network | Volume 13 Number9 | September 2015
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risk of VTE during orthopedic surgeries.** Several
large retrospective studies have shown that, for pa-
tients undergoing bariatric surgery, the risk of VTE
increases with increasing BMIL,**° a correlation that
may be attributed to operating time increasing with
BMI.>! Large studies including patients with cancer
have shown that obesity is an independent risk factor
for portomesenteric VTE in patients receiving major
colon and rectal surgery,” and may increase the risk
of VTE associated with central venous catheters or
peripherally inserted central catheters used for che-
motherapy delivery.”* The increased risk of peri-
operative VTE in obese patients means that safe and
appropriate VTE prophylaxis may be critical for obese
patients with cancer undergoing surgery. Careful de-
termination of the prophylactic anticoagulant dose is
especially important in obese patients because of the
increased operating times and blood loss.

Adjusting Dosing for Obese Patients

Studies aimed at determining the best approach to
dosing in obese patients have produced a variety of
results depending on the indication and medication
tested.’®% Obesity can potentially affect pharmaco-
kinetics and pharmacodynamics though a variety
of physiologic mechanisms, the net result of which
could increase or decrease the dose effect. The im-
pact of obesity on the effective dose depends on the
agent-specific mechanism of action and pathways
of metabolism and elimination. Although for some
drugs standard dosing is safe and effective in obese
patients, many agents require linear weight-based
dose adjustments, and some may require more de-
tailed pharmacokinetic characterization or biomark-
er measurements to determine the optimal dose for
obese patients. One systematic review of chemother-
apy dosing indicated that the need for weight-based
dose adjustment varies by agent,” and the ASCO
Clinical Practice Guidelines, based on a systematic
literature review, recommend weight-based dosing
(using actual body weight) for most cytotoxic che-
motherapy agents, with a few notable exceptions.®

Weight-Based Anticoagulant Dosing
in Patients With High BMI

The development of evidence-based recommenda-
tions is hampered by the lack of randomized con-

trolled trials (RCTs) in obese patients comparing
standard anticoagulant dosing versus weight-based
dosing or higher fixed dosing. However, a number
of studies have reported data from obese patients
receiving pharmacologic VTE prophylaxis. These
reports show that, although patients with high BMI
benefit from VTE prophylaxis, VTE rates in patients
receiving prophylactic anticoagulation are higher for
obese compared with patients with a lower BMI.61-6¢
These data suggest that patients with high BMI may
need higher anticoagulant doses to prevent VTE.
Indeed, a meta-analysis of bariatric surgery patients
receiving prophylactic heparin products (unfraction-
ated heparin [UFH] and low-molecular-weight hepa-
rin [LMWH]) showed that weight-adjusted doses
were associated with lower VTE rates compared with
standard fixed dosing.®

Comparing efficacy of anticoagulant prophylac-
tic dosing regimens can be difficult because reliable
measurement of VTE rates requires large sample
sizes and long follow-up. Anti—factor Xa (anti-FXa)
level, a measure of anticoagulation, has often been
used as a surrogate measure of anticoagulant ef-
ficacy and safety.®® These data must be interpreted
with caution, however, because anti-FXa levels have
not been demonstrated conclusively to be associated
with clinical events.®

For the 2015 update to the NCCN Guidelines
for Cancer-Associated VTE, the panel added dos-
ing recommendations for obese patients receiving
prophylaxis with dalteparin, enoxaparin, UFH, and
fondaparinux (see VTE-C, page 1081). Appendices 1
through 4 summarize the key studies providing phar-
macodynamic, efficacy, and safety data from obese
patients receiving these agents for VTE prophylaxis.

Dalteparin

Studies reporting pharmacodynamic, efficacy, or
safety data from obese patients treated with prophy-
lactic dalteparin are summarized in Appendix 1. Two
RCTs included patients with high BMI treated with
prophylactic dalteparin. The Prospective Evaluation
of Dalteparin Efficacy for Prevention of VTE in Im-
mobilized Patients (PREVENT) trial compared pro-
phylactic dalteparin with placebo in 3708 medically
ill hospitalized patients with at least one VTE risk
factor.®® A retrospective subgroup analysis of patients
with high BMI (n=1118, most with a BMI of 30.0-
34.9 kg/m?) showed that the standard prophylactic
dalteparin dosage, 5000 U/d, improved outcomes rel-
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ative to placebo without increasing bleeding event
rates.’ Interestingly, the beneficial effect of daltepa-
rin prophylaxis was apparent across all BMI-based
subgroups except for the group with BMI greater than
40 kg/m?, hinting that standard dosing may not be
sufficient for morbidly obese patients. Agnelli et al®
reported similar results from their subgroup analysis
of an RCT testing VTE prophylaxis with dalteparin
(vs fondaparinux) in high-risk patients undergoing
abdominal surgery: high BMI was associated with in-
creased VTE rates in both treatment groups, but did
not appear correlated with bleeding rates.®' Patients
in the dalteparin arm received 2500 U before surgery
and 12 hours after surgery, followed by 5000 U once
daily; results therefore support that standard dosing
may be insufficient for VTE prophylaxis in the obese.
In an analysis of 735 patients undergoing bariatric
surgery,” prophylaxis with dalteparin at 2500 U im-
mediately before surgery followed by 5000 U/d (for
>1 week) provided protection against VTE even af-
ter long-term follow-up (0% after >6 months), with
few patients (<0.5%) having bleeds in the immedi-
ate postoperative period. The low VTE rate reported
by Magee et al® may be due to the small number of
patients with extreme obesity in the study popula-
tion, and that only symptomatic VTE was recorded,
whereas the previously described RCTs used prospec-
tive duplex ultrasound surveillance.® %

A retrospective analysis by Simoneau et al™
showed that dalteparin at 7500 U/d may be an ap-
propriate dose for many obese patients undergoing
bariatric surgery: more than 60% had anti-FXa levels
within the target range, and none experienced VTE.
Bleeding occurred in 2.2% of obese patients, and did
not appear correlated with anti-FXa level. Although
the data are limited, the NCCN panel recommends
considering dalteparin at 7500 U subcutaneous dai-
ly for VTE prophylaxis in patients with a BMI of
40 kg/m? or greater (see VTE-C, page 1081).

Enoxaparin

Several studies have compared prophylactic fixed-
dose enoxaparin regimens in obese patients, primar-
ily in the context of bariatric surgery (Appendix
2).671-1 Scholten et al”! conducted a large retrospec-
tive study in patients with extreme obesity receiving
enoxaparin before bariatric surgery and then every 12
hours until discharge or ambulation. Results showed
that 40 mg twice daily was associated with lower
VTE rates during hospitalization and the 6 months

following discharge than 30 mg twice daily, without
increasing the incidence of bleeding. It is impor-
tant to note that there was a trend toward higher
BMI, higher male/female ratio, longer hospital stay,
and longer procedure duration among patients in
the 30-mg twice-daily group. The multicenter ret-
rospective PROBE study of patients undergoing
bariatric surgery showed that various enoxaparin
40-mg regimens were associated with lower VTE
rates compared with the 30-mg regimens but may
have increased the risk of severe bleeds.” A retro-
spective analysis by Raftopoulos et al® showed that
for bariatric surgery patients receiving 30 mg of
enoxaparin twice daily while hospitalized, rates of
VTE and major bleeds were significantly reduced by
a course of 40-mg once-daily dosing for 10 days after
discharge. A large retrospective study by Wang et al®
found that for extremely obese (BMI>40 kg/m?) hos-
pitalized patients, VTE rates were significantly lower
with high-dose versus low-dose enoxaparin (40 mg
twice daily vs once daily) or UFH.% Based on review
of these findings, the NCCN Cancer-Associated
VTE Panel recommends considering more frequent
prophylactic enoxaparin dosing for obese patients
(BMI>40 kg/m?): 40 mg every 12 hours (rather than
once daily; see VTE-C, page 1081).

Anti-FXa data from multiple studies suggest that
higher doses may be needed for effective VTE pro-
phylaxis in obese patients receiving enoxaparin after
bariatric surgery (Appendix 2). A prospective study
reported by Rowan et al” showed that increasing the
enoxaparin twice-daily dose from 30 to 40 mg in-
creased the percentage of patients with anti-FXa lev-
els within the target range. Nonetheless, therapeutic
anti-FXa levels were achieved by fewer than 50% of
patients who received 40-mg (twice daily) dosing, a
finding corroborated by Steele et al,” supporting the
conclusion that 40 mg every 12 hours may not be
sufficient for all obese patients. A prospective study
by Simone et al’™* showed that increasing enoxaparin
from 40 to 60 mg twice daily reduced the propor-
tion of patients with subtherapeutic anti-FXa levels
from 44% to 0%, but also increased the proportion
of patients with supratherapeutic levels from 0% to
57%. These findings indicate that it may be difficult
to identify a fixed twice-daily dose that safely pre-
vents VTE in all obese patients. Indeed, a more re-
cent study by Celik et al”® showed that body weight
was an independent predictor of anti-FXa levels in
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patients receiving enoxaparin at 40 mg twice daily
for VTE prophylaxis after bariatric surgery. The
40-mg twice-daily dosage appeared optimal for the
subgroup of patients weighing 110 to 150 kg, with
94% of these patients having anti-FXa levels in the
target range. Patients with weights above or below
this range tended to have anti-FXa levels that were
subtherapeutic or supratherapeutic, respectively,
indicating that weight-based dosing may be a bet-
ter approach to achieve anti-FXa levels in the target
range.

Several studies have tested weight-based enoxa-
parin dosing for VTE prophylaxis in obese patients
(Appendix 2).6477 These studies show that weight-
based enoxaparin dosing results in anti-FXa levels
that are not correlated with weight or BML%77
Moreover, the percentage of patients achieving tar-
get anti-FXa levels was higher (>80%) with enoxa-
parin at 0.5 mg/kg compared with previously pub-
lished fixed-dose regimens (described earlier).%487
In a prospective study of hospitalized, medically ill
patients with extreme obesity (BMI>40 kg/m?) and
at least one VTE risk factor, Freeman et al” com-
pared 40-mg daily fixed dosing with 2 weight-based
daily dosing regimens: 0.4 and 0.5 mg/kg. They
showed that 0.5 mg/kg daily resulted in a significantly
higher percentage of patients achieving target anti-
FXa levels compared with the other 2 regimens. No
symptomatic VTE or adverse events were observed,
indicating that dose capping was not necessary up
to the highest dose tested (130 mg/d). The 2015
NCCN Cancer-Associated VTE Guidelines update
does not include weight-based enoxaparin dosing
for VTE prophylaxis in obese patients because larger
comparative trials are needed to determine whether
this dosing regimen translates into lower event rates.

Two studies tested BMI-based enoxaparin dosing
for VTE prophylaxis,*®®! both in patients undergo-
ing bariatric surgery (Appendix 2). Results from an
open-label prospective trial reported by Borkgren-
Okonek et al® showed that postoperative twice-dai-
ly enoxaparin dosing based on BMI (40 mg/60 mg for
BMI <50/>50 kg/m?) resulted in therapeutic anti-
FXa levels in most patients (74%) and across the
wide range of BMI (36-82 kg/m?) in the sample
population. Dosing was adjusted for anti-FXa lev-
els outside the target range, resulting in a low rate
of VTE (0.45%) and major bleeding in 2.2% of

patients (>1-month follow-up). Singh et al® con-

ducted a retrospective analysis of patients receiving
twice-daily prophylactic enoxaparin doses ranging
from 30 to 60 mg across 4 BMI-based subgroups. Re-
markably, no symptomatic VTE was observed during
the minimum 2-year follow-up. Significant bleeding
occurred in 2.9% of patients, but was not correlated
with higher doses. Although these studies provide
preliminary data indicating that BMI-based dosing
may be more effective for obese patients than fixed
dosing, further evidence is needed to support this ap-
proach. The 2015 NCCN Cancer-Associated VTE
Guidelines update therefore does not include BMI-
based dosing for prophylactic enoxaparin.

Unfractionated Heparin

Bariatric surgery studies provide most of the data on
VTE prophylaxis with UFH in obese patients (Ap-
pendix 3).9828 [n these studies UFH is usually ad-
ministered at 5000 U before surgery and/or 2 to 4
times per day after surgery. Several studies have tested
higher doses in patients with extreme obesity.¢8%
Shepherd et al®* reported a prospective series of 245
hospitalized medical and surgical patients, including
25% with a BMI greater than 35 kg/m? (BMI range,
14-71 kg/m?; weight range, 34-193 kg), adminis-
tered UFH twice-daily dosing adjusted to achieve
therapeutic anti-FXa levels. This approach resulted
in doses ranging from 3000 to 19,000 U in the popu-
lation studied, and the equation that best predicted
therapeutic dose included both patient height and
weight. The derived equation was then used to de-
termine initial UFH prophylactic dose for patients
receiving bariatric surgery (N=700). The resultant
VTE rate was notably low (0.4%, all nonfatal), and
the bleed rate was similar to that seen in previous
standard-dosing studies, even though many patients
received doses much higher than 5000 U. The effica-
cy and safety of higher UFH doses in obese patients
was corroborated by low rates of VTE and bleeding
reported by Miller and Rovito® in their retrospective
analysis of bariatric surgery patients who received
prophylactic UFH every 8 hours at a BMI-depen-
dent dose: 7500 U for BMI greater than 50 kg/m?
5000 U for BMI of 50 kg/m? or less. As described ear-
lier, a much larger and more recent study by Wang
et al® showed that using higher UFH/enoxaparin
prophylactic dosing (UFH, 7500 U every 8 hours vs
5000 U 2 to 3 times per day; Appendix 2) in hospi-
talized obese patients (BMI>40 kg/m?) significantly
reduced VTE without increasing bleeding. These
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data support the NCCN Cancer-Associated VTE
Panel’s recommendation to consider using 7500 U
every 8 hours in obese patients (BMI>40 kg/m?) re-
ceiving UFH for VTE prophylaxis (see VTE-C, page
1081.)

Fondaparinux

Limited data are available regarding fondaparinux
dosing for VTE prophylaxis in patients with high
BMI, although several studies have used the stan-
dard prophylaxis dose (2.5 mg/d) in hospitalized
obese patients (Appendix 4).51%57 Agnelli et al®! re-
ported results from an RCT in patients at high risk
for VTE undergoing abdominal surgery, including
more than 300 patients with high BMI (>30 kg/m?
for women, >28.6 kg/m’ for men). They found that
a high BMI was associated with an increased risk of
VTE, suggesting that extremely obese patients may
need higher than standard fondaparinux doses for ef-
fective VTE prophylaxis. A more recent retrospec-
tive study by Martinez et al®’ provides additional evi-
dence that standard fondaparinux VTE prophylaxis
doses may be inadequate in obese patients (BMI>40
kg/m?): only 43% had anti-FXa levels within the
therapeutic range, whereas 47% had subtherapeu-
tic levels. Moreover, low anti-FXa was associated
with higher BMI within the obese patient popula-
tion tested. Steele et al” tested fondaparinux at 5
mg/d for thromboprophylaxis following bariatric
surgery and found that this higher dose resulted in a
higher proportion of patients (74%) achieving anti-
FXa levels in the target range. Moreover, VTE only
occurred in 2.2% of patients, and all these events
were asymptomatic. This higher fondaparinux dose
also had an acceptable safety profile, with only 4%
of patients developing minor bleeds. Based on this
study, the 2015 NCCN Cancer-Associated VTE
Guidelines update recommends considering 5 mg/d
in obese patients (BMI>40 kg/m?) receiving VTE
prophylaxis with fondaparinux, acknowledging that
supporting data are limited (see VTE-C, page 1081).

Renal Insufficiency and Anticoagulant
Dosing in Obese Patients

Chronic kidney disease and renal insufficiency are
associated with obesity 82 and with an increased
risk of thromboembolic events.””* Renal insuffi-
ciency is common in patients with VTE, with 52%
having a creatinine clearance (C_) of less than 90

mL/min.” In patients treated with anticoagulants,
particularly LMWH and fondaparinux, renal insuf-
ficiency is associated with anti-FXa levels above the
therapeutic range and poorer safety and efficacy out-
comes.”” For the obese with renal dysfunction, the
safety of higher than standard prophylactic antico-
agulant is unknown: many of the studies excluded
patients with severe renal insufficiency (C_ <30 mL/
min; Appendices 1-4), and whether any of the obese
patients studied had mild or moderate renal insuf-
ficiency (C_, 30-90 mL/min) is unclear. Given the
impact of renal insufficiency on clearance of enoxa-
parin and fondaparinux, we would recommend use
of UFH or dalteparin in obese patients with severe
renal impairment (C_ <30 mL/min).

Conclusions

Anticoagulant dose adjustments may be critical for
optimizing VTE prevention in obese patients with
cancer, a population at increased risk for VTE. Based
on evidence from the studies described earlier and
the consensus of the NCCN panel, the 2015 NCCN
Guidelines for Cancer-Associated VTE have been
updated to include dose adjustments for obese pa-
tients receiving prophylaxis with dalteparin, enoxa-
parin, UFH, or fondaparinux. The panel agrees that
prospective RCTs comparing efficacy and safety of
different dosing regimens are needed to further sup-
port and optimize anticoagulant dose adjustment in
obese patients.
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Instructions for Completion

To participate in this journal CE activity: 1) review the learning
objectives and author disclosures; 2) study the education con-
tent; 3) take the posttest with a 66% minimum passing score
and complete the evaluation at http://education.nccn.org/
node/73237; and 4) view/print certificate. After reading the
article, you should be able to answer the following multiple-

choice questions. Credit cannot be obtained for tests complet-
ed on paper. You must be a registered user on NCCN.org. If you
are not registered on NCCN.org, click on “New Member? Sign
up here” link on the left hand side of the Web site to register.
Only one answer is correct for each question. Once you suc-
cessfully answer all posttest questions you will be able to view
and/or print your certificate. Software requirements: Internet.

Posttest Questions

1. In the absence of contraindications to anticoagulation, VTE
prophylaxis with an anticoagulant is recommended for pa-
tients with cancer in which of the following settings:

1. During hospitalization for surgery

2. During hospitalization for medical oncology treat-
ment

3. After discharge for all surgery and all medical oncol-
ogy patients

4. After discharge for all abdominal-pelvic cancer sur-
gery patients and in some cases for medical oncology
patients

There is only one correct answer:

a. 1

b. 1and 2

c 1-3

d. 1,2,and 4

2. True or false: Weight-based anticoagulant dosing is not rec-
ommended because it has not been tested in human subjects.

3. For pharmacologic thromboprophy-
laxis of overweight patients with E_ E

cancer, the NCCN Guidelines for
Cancer-Associated Venous Thrombo-
embolic Disease recommends consid-
ering higher or more frequent dosing E
when prescribingwhich of the following
anticoagulants?

1. Dalteparin
2. Enoxaparin
3. Fondaparinux
4. Unfractionated heparin
5. Aspirin
6. Warfarin
There is only one correct answer:
a. 14
b. 1,3,and 4
¢ 1,3,4,and6
d. 1-6
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