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Objectives
To review the evidence for the acute and long-term treatment of cancer-associated thrombosis 
(CAT)

To discuss the use of DOACs for the management of cancer-associated thrombosis

To discuss the clinical characteristics to consider in tailoring anticoagulation management for the 
treatment of CAT



Overview
Review of Cancer Associated Thrombosis (CAT)

Walk through a difficult CAT case where several anticoagulant decisions needed to be made

- initial treatment plan in the acute phase of VTE

- management of recurrent VTE while on anticoagulation

- role for IVC filters?

- long term management of CAT



/

Fun facts about CAT

Annual incidence of VTE in 
the general population is 117 
per 100,000

Cancer alone is associated with  
4.1-fold risk of thrombosis
Chemotherapy increased that risk 
to 6.5-fold

Combining these estimates yields an approximate 
annual incidence of venous thromboembolism (VTE) of 
1 per 200 in a population of cancer patients

Heit JA et al. Arch Intern Med. 2000; 160: 809–815.



Complex management and timeline

Lyman GH, Cancer 2011;7:1334–1349. Cohen AT et al, Thromb Haemost 2017;117:57–65.
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Incidence rate (95% CI) of first VTE per 100 person-years by cancer type

Cohen AT et al, Thromb Haemost 2017;117:57–65.

Age Total ≥18

Bladder 2.7 (2.4–3.0)

Breast 3.2 (2.9–3.4)

Colon 6.7 (6.3–7.2)

Lung 10.1 (9.5–10.8)

Prostate 4.4 (4.0–4.7)

Uterus 7.0 (5.9–8.3)

Haematological 4.5 (4.1–4.8)

Brain 12.1 (10.3–14.0)

Ovary 11.9 (10.6–13.2)

Pancreas 14.6 (12.9–16.5)

Stomach 10.8 (9.5–12.3)



Patients with active cancer and a first VTE (N=6592)

Cohen AT et al, Thromb Haemost 2017;117:57–65.

DVT 
(n=3055)

PE 
(n=3537)

Total 
(N=6592)

Common cancer types, n (%)
Prostate (males) 278 (19.1) 287 (16.1) 565 (17.5)
Breast (females) 225 (14.0) 281 (16.0) 506 (15.1)
Lung 315 (10.3) 603 (17.0) 918 (13.9)
Colon 384 (12.6) 443 (12.5) 827 (12.5)
Haematological 360 (11.8) 309 (8.7) 669 (10.1)
Ovarian (females) 136 (8.5) 182 (10.3) 318 (9.5)
Bladder 186 (6.1) 133 (3.8) 319 (4.8)
Uterus (females) 83 (5.2) 58 (3.3) 141 (4.2)
Pancreas 129 (4.2) 131 (3.7) 260 (3.9)
Stomach 104 (3.4) 133 (3.8) 237 (3.6)
Brain 79 (2.6) 87 (2.5) 166 (2.5)



VTE as a cause of death

1. Khorana AA et al, J Thromb Haemost 2007;5:632–634; 2. Khorana AA et al, Thromb Res 2010;125:490–493.
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• Thromboembolism is the 
second leading cause 
of death in patients 
with cancer

• Annual death rate for 
VTE: 448 per 100,000 
cancer outpatients
– 47-fold increase over 

the general population



One patient’s journey through CAT



The story begins…
48yo man with 6-7 month history of rectal bleeding

◦ Diagnosed with rectal adenocarcinoma October 17, 2014
◦ Staging CT November 13, 2014 ruled out metastatic disease
◦ Treated with 4 wks of capecitabine which was stopped due to 

severe palmo/plantar erythrodyasthesia
◦ 2 rounds of pelvic RT
◦ Low anterior resection with loop ileostomy March 23, 2015
◦ Adjuvant chemotherapy started May 25, 2015 (CAPOX) – planned 

6 cycles

◦ Intention of treatment = curative



Thrombosis strikes!
About 6 weeks after cancer surgery, prior to start of adjuvant 
chemotherapy, a restaging CT scan on May 8, 2015 incidentally 
noted an asymptomatic RLL PE and possibly a right internal 
iliac DVT

Question: what is the best anticoagulant 
regimen for this patient?



What we 
already 
know…

The risk of recurrent VTE (based on benign data) is 40% in 
the 1st month and 10% in the next two months after an 
acute proximal DVT and PE totally 50% in the 1st 3 months

Incidental proximal PE and DVT in cancer patients have the 
same prognosis as symptomatically diagnosed proximal PE 
and DVT

Rapid acting anticoagulant therapy is required

CAT patients have a hard time on warfarin
TTR in CAT trials ~45%; TTR in benign VTE trials 60-70%

In real life… TTR is abysmal for cancer and benign patients
Di Nisio et al. SSC Guidelines from ISTH.  JTH 2015;13:880-3

Kearon C. Circulation 2003;107(23) suppl 1: I22-I30

CLOT and CATCH trials (see later slides)



LMWH is superior to warfarin

CLOT trial (Lee NEJM 2003)   n = 676
Dalteparin 200 units/kg x 4 weeks, then 

150 units/kg x 5 months

16% VTE

8% VTE

Major bleeding ~5%

CATCH trial (Lee JAMA 2015)    n = 900
Tinzaparin 175 units/kg x 6 months

(no dose reduction)

10.5% VTE

7.2% VTE

Major bleeding ~2.5%

Enoxaparin cancer trials (CANTHANOX, Meyer 2002 and ONCENOX, Deitcher 2006) were stopped early, 
underpowered and did not demonstrate statistically significant efficacy or safety outcomes



The new kids on the block
Direct oral anticoagulants (DOACs) are emerging as viable anticoagulant options

◦ Hokusai VTE cancer trial – edoxaban vs dalteparin – published Dec 2017
◦ select-d pilot study – rivaroxaban vs dalteparin – published May 2018

◦ Casta Diva (NCT 02746185) – rivaroxaban vs dalteparin
◦ Adam (NCT 02585713) – apixaban vs dalteparin
◦ Canvas (NCT 02744092) – any DOAC vs any LMWH
◦ Caravaggio (NCT 03045406) – apixaban vs dalteparin

◦ Other trials for extended treatment of CAT with DOAC as well as for prophylaxis with 
DOAC in ambulatory CAT patients undergoing chemotherapy



A quick reminder on the drugs and 
doses
DOACs that can be used “immediately”:

◦ Rivaroxaban 15mg BID x 21 days then 20mg daily (in benign VTE, 10mg daily after 6-12 months may be 
considered)

◦ Apixaban 10mg BID x 7 days then 5mg BID (in benign VTE, 2.5mg BID after 6-12 months may be 
considered)

DOACs that are used after a 5+ LMWH lead in phase:
◦ Dabigatran 150mg BID
◦ Edoxaban 60mg daily

DO NOT confuse Afib regimens (including Afib dose reduction parameters) with VTE regimens
◦ Note: edoxaban is the only DOAC that had acute phase dose reductions for VTE (to 30mg daily if CrCl

30-50 or body weight < 60kg or potent p-glycoprotein inhibitor)





Adapted from Raskob GE et al. N Engl J Med 2017.
Raskob et al. N Engl J Med 2017; doi: 10.1056/NEJMoa1711948. 

Hokusai VTE cancer

• n = 1050

• Primary outcome: Composite of recurrent VTE or major bleeding 
regardless of duration of therapy
• Secondary outcomes: VTE, PE, DVT, major bleeding, CRNMB, 

all cause death, EFS



Raskob et al. N Engl J Med 2017; doi: 10.1056/NEJMoa1711948. 

Types of cancers
Edoxaban
(N = 522)

Dalteparin
(N = 524)

Solid tumour – no. (%) 465 (89.1) 467 (89.1)
Colorectal 83 (15.9) 79 (15.1)
Lung 77 (14.8) 75 (14.3)
Genitourinary 65 (12.5) 71 (13.5)
Breast 64 (12.8) 60 (11.5)
Pancreatic or hepatobiliary 49 (9.4) 40 (7.6)
Gynecologic 47 (9.0) 63 (12.0)
Upper gastrointestinal 33 (6.3) 21 (4.0)
Other 48 (9.2) 60 (11.5)

Hematologic malignancy – no. (%) 50 (10.7) 55 (10.5)



Raskob et al. N Engl J Med 2017; doi: 10.1056/NEJMoa1711948. 

Types of chemotherapies
Edoxaban
(N = 522)

Dalteparin
(N = 524)

Chemotherapies, no. (%)
Antimetabolites 124 (23.8) 118 (22.5)
Platinum-based 105 (20.1) 107 (20.4)
Taxanes 40 (7.7) 47 (9.0)
Topoisomerase inhibitors 30 (5.7) 48 (9.2)
Alkylating agents 30 (5.7) 38 (7.3)
Anthracyclines 22 (4.2) 25 (4.8)
Vinca alkaloids 16 (3.1) 18 (3.4)
Anti-tumour antibiotics 5 (1.0) 5 (1.0)

Targeted therapies, no. (%)
Monoclonal antibodies 42 (8.0) 54 (10.3)
Bevacizumab 13 (2.5) 17 (3.2)
Kinase inhibitors 18 (3.4) 18 (3.4)
Proteosome inhibitors 7 (1.3) 8 (1.5)

Other therapies, no. (%)
Hormonal therapies 41 (7.9) 37 (7.1)
Immuno-modulators 16 (3.1) 9 (1.7)
Miscellaneous 14 (2.7) 14 (2.7)



Recurrent VTE

Major bleeding

dalteparin

dalteparin

edoxaban

edoxaban

Hmmm  
what is going on here?

P=0.09

P=0.04



A closer look at efficacy



A closer look at bleeding

Edoxaban:
18/136 (13.2%) GI cancer pts had major bleeding

5/38 (13.2%) GU cancer pts had major bleeding

Dalteparin:
3/125 (2.4%) GI cancer pts had major bleeding

0/31 (0%) GU cancer pts had major bleeding

Part of supplemental table 4 Edoxaban Dalteparin





select-d pilot study

Adapted from Young A et al. ASH 2017; Abstract 625.
Young AM, et al. J Clin Oncol 2018; 36 https://doi.org/10.1200/JCO.2018.78.8034.  

Primary outcome Secondary outcomes

VTE recurrence at 6 months Major bleeding, CRNMB

Open label, pilot, n = 406

Note: up front central adjudication of events was not done



Protocol amendments

• At the same time, the sample size
for the trial was reduced to a total of 400 
patients

• DSMB recommended stopping enrollment 
of patients with gastroesophageal and 
esophageal cancers due to excessive 
bleeding in rivaroxaban arm

On September 1, 2016, the second random assignment was closed,
with only 92 patients recruited, because it was considered futile 
to continue.



Recurrent VTE

dalteparin

rivaroxaban

Hmmm  
what is going on here?



dalteparin

Major Bleeding

rivaroxaban

Clinically relevant non major bleeding occurred 
in 7/203 dalteparin patients and 25/203 
rivaroxaban patients (mainly GI and hematuria)



Li A et al. Thromb Res 2018; Mar 2. pii: S0049-3848(18)30216-0. doi: 10.1016/j.thromres.2018.02.144.

Similar outcomes in Hokusai and select-d 
Recurrent VTE

Major bleeding

Six-month results

https://www.ncbi.nlm.nih.gov/pubmed%3Fterm=(((li,%2520a)%2520AND%2520carrier,%2520m)%2520AND%2520thromb%2520res)%2520AND%25202018


Beware of drug interactions!

Anticoagulant CYP3A4
(metabolic)

P-gp
(transport)

Other CYP metabolizing enzymes 
(2C9, 2C19, 2C8, 2C18, 1A2)

LMWH No No No

VKA Major No/Minor All (Major: CYP2C9)

Apixaban Major Major Minor: 1A2, 2C8, 2C9, 2C19

Edoxaban Minor Major No

Rivaroxaban Major Major No

Dabigatran No Moderate No

Anticoagulants as substrates for major pathways

Table courtesy of Marc Carrier



Brief comparison of baseline characteristics of DOAC CAT trials to LMWH CAT  trials

Hokusai VTE Cancer 2017
(sx or incidental PE/DVT)

select-d 2017
(sx PE/DVT + incidental PE)

CLOT 2003
(sx PE/DVT)

CATCH 2015
(sx PE/DVT)

Anticoagulant edoxaban dalteparin rivaroxaban dalteparin dalteparin warfarin tinzaparin warfarin

Age (yrs) 64.3 63.7 67 67 62 63 59.7 58.8

Weight (kg) 78.8 79.1 ? Renal (22%) = 64
Non renal =75.5

Renal (22%) = 65 
Non renal = 75 59.7 58.8

Metastatic 
cancer (%) 52.4 53.4 59 59 66 68.6 55 53.3

Cancer tx (%)
Chemo/RT/Sx 71.6 73.1 69 78.7 76.6 50.8 55

ECOG (%)
0-1 = 76.3
2 = 23.6

0-1 = 75.1
2 = 23.7

0-1 = 76
2 = 21

0-1 = 72
2 = 26

0-1 = 63.6
2 = 34.9

0-1 = 63.4
2 = 36.1

0-1 = 76.4
2 = 23.6

0-1 = 77.2
2 = 22.8

Death (%)
39.5

(12 mos)
36.6

(12 mos)
30

(6 mos)
25

(6 mos)
39

(6 mos)
41

(6 mos)
33.4

(6 mos)
30.6

(6 mos)

Top 3 cancer 
types

Colorectal
Lung
GU

Colorectal
Lung
Breast

Breast
Colorectal

Lung

Gyne
Colorectal
Upper GI

Incidental VTE was about 33% of Hokusai trial and 50% of select-d trial



Other factors to consider

Burden of cancer and burden of VTE (consider LMWH for patients with severe symptoms, 
e.g., ileofemoral DVT, extensive PE, submassive PE, any thrombolysed patient)

Renal impairment (consider LMWH for patients with GFR
per the Cockcroft-Gault formula of 30-50 mL/min)

Significant GI surgery or absorption disorders 
(consider LMWH for patients with impaired GI absorption)

Body weight (consider LMWH in patients with 
BMI >40 kg/m2 or weight >120 kg) 

Pre-existing conditions and co-medication 
(e.g., ASA, other antiplatelet medications)

Carrier M et al. Current Oncol. 2018



And more things to consider…

Patient preference after an informed discussion
◦ Most important attributes for anticoagulants from the patient’s perspective:
#1 Does not interfere with cancer treatment
#2 Efficacy and safety
#3 Route of administration

Drug coverage and accessibility

Noble SI et al. Haematologica. 2015; 100:1486–1492.



Concluding 
remarks on 
DOACs

Data are promising – in the populations studied, 
edoxaban and possibly rivaroxaban appear of equal 
efficacy to dalteparin in CAT
• Be cautious about applying “class effect” for the DOACs – they are not 

the same drug

Compliance may be an issue for LMWH longer term and 
availability of oral agents can improve this and ¯risk of 
recurrent VTE (which is HIGH!)
• But always remember a well informed patient is far more likely to be 

compliant with any treatment

Major bleeding remains a concern particularly for any GI 
(?urothelial) cancer patient where major bleeding (and 
all bleeding) was much higher on DOAC than on LMWH
• If you are not sure, as acute phase efficacy was the same between 

agents, you would never be wrong to start LMWH and refer to an 
“expert” to help determine eligibility for DOAC therapy in CAT patients





Carrier M et al. Current Oncol. 2018; 25(5):329-337.



Back to the patient
He was started on dalteparin 18,000 units daily which was switched early on to tinzaparin 
18,000 units to better match his weight (106kg)

◦ Recall he was diagnosed in 2015 and this was prior to DOAC data so LMWH was standard of care

◦ Would we still choose LMWH over DOAC in 2019?

◦ Probably the main downside of DOAC therapy in this patient is his underlying GI cancer which would 
predict for a significantly higher rate of UGI bleeding

◦ He is further along in his cancer care and it is not entirely clear whether this decreases his bleeding risk



The story continues…
Recall his initial incidental PE +/- DVT was diagnosed May 8, 2015 and CAPOX started May 26

Recurrent extensive bilateral PE (now SOB/symptomatic) confirmed on CT June 5, 2015
◦ Admitted to hospital June 5-12, 2015: initially on UFH x 3-4 days then tinzaparin increased to 20,000 units 

daily and then 24,000 units daily based on some anti-Xa testing

Recurrent extensive now symptomatic left leg DVT confirmed on US June 27, 2015
◦ Readmitted June 27-29, 2015
◦ Was tested for heparin induced thrombocytopenia (for unknown reasons) with ELISA coming back +ve
◦ Prior to confirmatory testing coming back, switched to fondaparinux 10mg daily
◦ Also for unknown reasons, an IVC filter was also placed this admission (which dislodged some clot proximally)



Test 
Number

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 Ref. Range 
(Units)

Collected
28-Mar
2015
06:10

29-Mar
2015
06:53

30-Mar
2015
06:16

05-May
2015
10:07

11-May
2015
14:22

19-May
2015
10:15

25-May
2015
14:29

03-Jun
2015
22:48

03-Jun
2015
22:57

05-Jun
2015
17:08

06-Jun
2015
10:05

08-Jun
2015
13:30

09-Jun
2015
07:30

10-Jun
2015
09:25

10-Jun
2015
21:30

Location MIS MIS MIS ACB ACB DKM ACB STH STH STH RAH RAH RAH RAH RAH

HGB * 134 140 136 145 142 148 144 – 142 * 127 * 115 * 116 * 109 * 117 * 122 135-175 
(g/L)

RBC 4.34 4.58 4.47 5.05 4.94 5.12 5.17 – 5.02 4.52 * 4.08 * 4.26 * 3.90 * 4.12 4.35 4.30-6.00 
(10**12/L)

HCT * 0.40 0.42 0.41 0.43 0.42 0.45 0.43 – 0.42 * 0.39 * 0.35 * 0.37 * 0.34 * 0.35 * 0.36 0.41-0.52 
(L/L)

MCV 92 91 92 86 86 87 84 – 84 85 87 87 86 85 83 80-100 (fL)

MCHC 337 334 331 335 335 330 333 – 337 330 325 313 324 336 338 310-360 
(g/L)

RDW 15.1 14.7 15.0 14.5 14.1 14.5 15.3 – 14.1 14.5 14.6 14.7 14.7 14.7 14.5 <15.6 (%)

PLT 150 168 179 279 245 200 * 133 – * 133 154 163 * 139 * 113 * 127 * 120 140-450 
(10**9/L)

WBC 6.9 6.4 7.6 6.1 5.4 4.8 5.3 – * 11.7 * 14.6 * 13.3 8.3 7.1 6.3 7.6 4.0-11.0 
(10**9/L)

HGB – – – – – – – 149 – – – – – – – 135-175 
(g/L)
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Test Number 27 28 29 30 31 32 33 34 35 36 Ref. Range 
(Units)

Collected
11-Jun
2015
07:55

12-Jun
2015
07:45

23-Jun
2015
10:12

27-Jun
2015
00:50

27-Jun
2015
20:45

28-Jun
2015
08:30

29-Jun
2015
07:50

10-Jul
2015
13:32

14-Jul
2015
13:51

31-Jul
2015
13:12

Location RAH RAH ACB STH RAH RAH RAH DKM ACB DKM

HGB * 118 * 127 136 * 126 * 122 * 124 * 120 * 123 * 122 137 135-175 (g/L)

RBC * 4.21 4.66 4.92 4.54 4.49 4.53 4.38 4.37 * 4.24 4.49 4.30-6.00 
(10**12/L)

HCT * 0.35 * 0.40 0.41 * 0.38 * 0.38 * 0.39 * 0.38 * 0.37 * 0.36 * 0.40 0.41-0.52 
(L/L)

MCV 83 86 83 84 85 86 86 86 85 89 80-100 (fL)

MCHC 338 318 335 330 319 317 319 329 339 344 310-360 (g/L)

RDW 14.6 14.7 * 17.1 * 15.9 * 15.6 * 15.9 * 16.1 * 19.4 * 20.2 * 23.3 <15.6 (%)

PLT * 138 160 * 138 * 121 * 123 * 129 * 138 277 251 182 140-450 
(10**9/L)

WBC 6.9 8.1 4.7 7.9 5.1 5.0 6.0 5.6 4.9 4.7 4.0-11.0 
(10**9/L)

HGB – – – – – – – – – – 135-175 (g/L)

June 23 
thrombophilia testing ordered!!!!!!
(I am not even going to go there)

July 15
few days of worsening symptoms
restarted dalteparin
BID 50% dose increase

June 27 = recurrent DVT
HIT testing sent
fondaparinux started
IVC filter placed

July 29
IVC thrombosis, bilateral iliac DVT, 
PVT, SMV thrombosis, jejunal vein
thrombosis confirmed on CT
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How to manage recurrent VTE on LMWH

Anticoagulation is very effective at treating and preventing VTE
Benign VTE trials generally report a 
recurrent VTE rate of around 1-2%

Even in cancer trials, the LMWH arms 
have a <10% rate of recurrence

What is the expected failure rate of anticoagulation?



Checklist of things to rule out
Is the patient compliant?  Ask.  Do not assume.

◦ Cost, convenience, preconceptions about anticoagulation (including sometimes scary things on the 
internet or seen on TV)

Is the patient on the right dose?  Reweigh the patient if weight based medication  

Is something else interfering with the quality of anticoagulation?
◦ Drug interactions? Significant local thrombogenic stimuli (like a tumor sitting on or in a vessel)?
◦ In the right setting, HIT testing should be consider (ie. Early on in the treatment with heparin/LMWH 

(typically 5-10 days) and with a 30-50% drop from the baseline platelet count….  NOT in the setting of this patient 
who had alternative reasons for thrombocytopenia (cancer/chemo), dropped his platelets 17 days after starting 
LMWH and had HIT testing 37 days after ongoing exposure to heparin).

◦ Also remember that even though the risk is <10%, the relative risk of breaking through 
anticoagulation with cancer/chemotherapy alone is 5-6x higher than benign patients!
◦ Looking for zebras (such as HIT and thrombophilia) is largely a waste of time and resources when there are other obvious 

reasons present.  Misinterpretation of results when testing is done out of context can lead to incorrect treatment decisions 
with ramifications to the patient as well – we will see what happened to this patient as the story continues to unfold…



If you are sure this a true drug 
failure…
Options to consider:

◦ Switching anticoagulant agents – try to use this option if there is a reason you believe the current agent 
is not working properly (poor absorption if oral agent, poor INR control in warfarin, unavoidable drug 
interactions)

◦ Add additional antithrombotic agents (such as antiplatelet therapy) – this has never been proven to be 
effective in the general VTE population but there are known increased risks including major bleeding on 
“double” or “triple” therapy combining AC with antiplatelets

◦ Increase the dose of the current anticoagulant – this is not usually possible for OAC but for LMWH the 
dose can in theory by up or down titrated to the clinical picture



Adjusting LMWH dosing
In cancer patients on dalteparin, the CLOT trial (and thus also the comparator arms of the DOAC 
CAT trials) arbitrarily introduced a 1 month dose reduction from 200 units/kg to 150 units/kg

◦ Depending on whether you round up or down to a pre-filled syringe, this can be a massive drop in the 
anticoagulant dose

◦ If a recurrent VTE happened on dose reduced dalteparin, consider pushing the dose back up

In other settings, expert opinion recommends increasing the dose of LMWH by 20-25%
◦ Cohort studies have demonstrated that we can recapture control of the clot in most cases

Also remember that the half life of LMWH is very short (~4hrs)
◦ Thus an additional option to dose increases is to also split that new dose into a BID regimen in hopes to 

minimize the end of the day trough level

Lyman et al., JCO, 2013;  Carrier et al., JTH 2009 and Carrier et al., Thromb Res 2014



Fun facts about LMWH
There is no biological reason for a dose cap on LMWH

Use the appropriate weight based dose even if it exceeds the 
highest prefilled syringe (otherwise patients are underdosed)

Interesting case report: a man tried 5x to commit suicide with 
dalteparin ranging from 90,000units to 720,000units.  He did 
not die on any of these attempts.  On one occasion he had 
major bleeding in the arm but that was associated with a stab 
wound.  On another occasion he fell and hit his head which 
resulted in a scalp hematoma.  On the other occasions he 
largely only had injection site bruising/minor bleeding

Thrombosis Research  129 (2012).



What about anti-Xa monitoring?!
Similar to DOACs, LMWH was designed to not require routine monitoring

Unfortunately that led to no actual monitoring during the large phase III trials

As such, there are no data to correlate laboratory testing of any kind (basic coagulation studies 
such as INR, PTT, TT or specialized testing such as anti-Xa levels) with clinical outcomes

The anti-Xa level will not tell you whether your patient will bleed or clot
◦ For example, if your patient has recurred on their current dose… does it matter if they are in the 

“therapeutic range”?  Are you going to ignore the recurrence and use the same dose?

There is some limited benefit to testing trough levels in patients with severe renal failure to 
check for accumulation of the drug, but I would otherwise advise not wasting time and money 
on anti-Xa monitoring of LMWH



Test 
Number 1 2 3 4 5

Ref. 
Range 
(Units)

Collected
05-Jun
2015
23:05

10-Jun
2015
21:30

11-Jun
2015
19:55

13-Jun
2015
19:45

29-Jun
2015
13:42

Location STH RAH RAH RAH RAH

HEPARIN 
LEVEL 0.18 0.53 0.84 1.08 >2.00 (U/mL)

June 29 = recurrent DVT
on tinzaparin 24,000 units daily

June 5 = recurrent PE
on tinzaparin 18,000 units daily

tinzaparin 20,000 units daily
(only 10% dose increase)

tinzaparin 24,000 units daily
(already large than one prefilled syringe – unclear why BID dose was not used)

Useless set of 
numbers that did 
not help this man.  
Led to a false sense 
of security when 
what he needed was 
a cranked up AND 
BID dose

The testing of our patient



And now the IVC filter business…
Recall that last we check in on our patient, he had developed 
his second recurrent VTE despite LMWH and had HIT testing 
done and an IVC filter placed

What is the purpose of an IVC filter?
◦ 80-90% of VTE starts in the legs
◦ 50% of symptomatic DVT have PE on imaging
◦ If we cannot anticoagulate, there is a 50% chance of recurrence in 

the first 3 months
◦ 1/10 people die rapidly from PE

◦ Can we catch a DVT before it becomes a PE?

Kearon C. Natural history of venous thromboembolism. Circulation 2003;107(23 Suppl 1):I22-30.



Stuff to ponder
You cannot block off the entire venous flow from the lower half of your body

You can still developed PE even if a filter is in place
◦ Long ago, before filters were invented and before we understood how to anticoagulant patients 

properly, one very morbid treatment for recurrent PE was IVC ligation!
◦ Interestingly there is a 1966 NEJM article by V Gurewich et al which documents PE recurrence post IVC 

ligation with imaging showing extensive collateral vessel formation around the ligation point!

IVC filters are foreign objects in low flow systems – they are no anticoagulants, they do not treat 
thrombosis and they are in fact thrombogenic

◦ Recall that anticoagulation is >90% effective in treatment thrombosis
◦ Recall that after 1-3 months, the clot has healed and embolic events are no longer a factor for old DVT



General reported complications of IVC filters:
Access point (bleeding, infection, etc)
Malposition
Defect in deployment
Migration
Perforation of IVC/adjacent organs
IVC thrombosis, DVT, PE
Fracture/disintegration 
Device infection



The only universally accepted reason 
to insert an IVC filter is in patients 
with acute DVT and a 
contraindication to anticoagulation



What about our patient?
He had an IVC filter placed in addition to anticoagulation (he had no contraindication to 
anticoagulation)

Efficacy of such measures?
◦ Two RCTs have looked at adding filter to anticoagulation for general VTE management (PREPIC I) and for 

“high risk PE” patients (PREPIC II)
◦ PREPIC I showed a smaller rate of PE but a large rate of DVT with overall equal VTE events between filter 

and no filter; no difference in mortality
◦ PREPIC II (using retrievable filters which were 85% removed at 3 months) showed no difference in any

outcome between filter or no filter

Safety of such measures? (aside from the potential complications mentioned on prior slide)
◦ We have a VERY thrombogenic patient here with multiple recurrences and cancer (and at that point 

suspected for HIT – wrongly suspect, but suspected nonetheless)…. And here we are jamming a foreign 
body into his IVC… what could go wrong?...

PREPIC I: Decousus H et al. NEJM 1998;338(7):409 with 8 year update Circulation 2005;112:416
PREPIC II:  Mismietti P et al. JAMA 2015;313(16):1627



Let us see what happened to our patient 
next
I meet him for the first time on July 3, 2015 after he is discharged from hospital post IVC filter/HIT 
admission

◦ Confirmatory testing for HIT is negative 
◦ 1 hr conversation with patient about how he doesn’t have HIT, should be back on LMWH and needs to have 

his filter removed
◦ Followed by another 1 hr conversation repeating the above when his wife walked into the visit carrying 

$2000’s worth of fondaparinux she just bought at the pharmacy

Aside from wasting healthcare dollars and the patient’s money, one may ask… what harm came from 
the filter insertion and the switch to fondaprinux?

◦ Food for thought.  This patient repeatedly recurred on dose increased LMWH.  Using a “standard dose” of 
fondarpinux is not really comforting to preventing further recurrences

◦ There are no CAT trials with fondaprinux but the Matisse trial (fonda vs enox bridged to warfarin for VTE) 
published their cancer subgroup in Thromb Haemst 2009;101(4):762-9 which showed a 3 month recurrence 
rate in the enox arm of 5.4% and in the fonda arm of 12.7% (not definitive evidence but certainly concerning)



The final complications
I recommended we switch back to LMWH at a further dose increase with a BID regimen

Patient and wife could not come to terms with the conflicting information after 1 clinic visit and 
chose to remain on fondaparinux 

Significantly worsening bilateral leg symptoms July 15, 2015
◦ I clinically diagnosed him with the expected recurrent DVT and switched him to dalteparin 15,000 units 

BID (roughly 50% higher than his weight based dose would calculate) after a lengthy 45min phone call
◦ The recurrence was eventually confirmed on his next staging CT July 29, 2015 which showed IVC filter 

thrombosis, bilateral common iliac vein thrombosis and portal vein thrombosis into the SMV + left 
jejunal branch – he was thankfully symptomatically improving by then



A happy ending?
He continued to improve on BID dalteparin with no further recurrences
His last cancer treatment was in September 2015 and he has remained cancer free since

A few follow up scans for cancer initially noted ongoing clot inside the IVC filter so there was a delay 
in its removal until May 2016 (successful removal)

We ultimately decided to continue long term anticoagulation due to his aggressive recurrent 
thrombotic events as well as family history of a sister with DVT and mother with PE

On Jan 26, 2016 he switched to rivaroxaban 20mg daily on which he remains
He was last seen in my clinic July 2019 and was doing quite well



Concluding remarks



Review of objectives
Cancer patients are complex

There is an increased risk of thrombosis and bleeding

LMWH was classically the “go to” anticoagulant for CAT but need for injections and expense does limit 
its short and long term use

DOAC data is emerging and efficacy for the studied patients is very encouraging particularly for long 
term adherence to therapy

Caution should still be applied to GI cancer patients, high risk bleeding patients, those with drug-drug 
interactions

Many cancer patients are now eligible for DOAC therapy but if you are uncertain, starting with LMWH 
first is still a very viable option and then either reassessing the patient yourself, calling for help, or 
referring the patient to a specialty clinic can assist with ongoing management



Extra case related highlights
For patients who do not “fit in the box”, LMWH remains the most flexible of all the 
anticoagulants (recall that the CLOT trial did enroll the “sickest” patients both from a cancer 
perspective as well as clot perspective – 30-50% of the DOAC CAT trials were incidental VTE)

Cancer (and its treatment) is very thrombogenic and usually a recurrent event does not require 
excessive testing to find another cause

◦ Intensifying the dose of anticoagulant may be necessary!

Avoid IVC filters like the plague, especially in hypercoaguable patients and definitely in those 
who can receive appropriate anticoagulation



Carrier M et al. Current Oncol. 2018; 25(5):329-337.



Questions?


