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Silver In: The Hematologist - modified from Blom et. al. JAMA 2005;293:715 

ÅPopulation-based case-control 

(MEGA) study 

ÅN=3220 consecutive patients with 1st 

VTE vs. n=2131 control subjects 

ÅCA patients = 7x OR for VTE vs. 

non-CA patients 

Effect of Malignancy on Risk of  

Venous Thromboembolism (VTE) 
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Type of cancer Time since cancer diagnosis  

28 

22.2 
20.3 

4.9 

19.8 

53.5 

14.3 

2.6 
1.1 3.6 



p < .0001 

Khorana et al, 2007b. 

All 

28% increase 

Chemotherapy 

47% increase 

Rising Incidence Rates:  

Actively Treated Cancer Patients 



Prophylaxis in Acutely I ll Medical 

Patients 

ǒNo randomized clinical trials designed a priori for 
hospitalized medical cancer patients 

ǒRandomized, placebo-controlled trials in acutely ill 
hospitalized medical patients 
ï  MEDENOX1- enoxaparin 40 mg daily 

ï  PREVENT2 - dalteparin 5000U daily 

ï  ARTEMIS3 - fondaparinux 2.5 mg daily 

 

1. Samama MM, et al. N Engl J Med 1999;341:793-800 

2. Leizorovicz A, et al. Circulation 2004;110:874-879 

3. Cohen AT, et al. Blood 2003; 102(11): 15a 



MEDENOX1   63%  10 Placebo 

      Enoxaparin 40 mg 
 

PREVENT2   49%  45 Placebo 

      Dalteparin 
 

ARTEMIS3   47%  20 Placebo 

      Fondaparinux 

Study   RRR  NNT Prophylaxis          
Patients with VTE, %  

1Samama MM, et al. N Engl J Med. 1999;341:793-800. 
 2Leizorovicz A, et al. Circulation. 2004;110:874-9. 

3Cohen AT, et al. Br Med J 2006 

P<0.001   

P=0.0015 

P=0.029  

NNT = number needed to treat;  
RRR = relative risk reduction. 

 RRR 

 

 63%
  

 

 

 45%  
 

 

 47%  

14.9* (n=288)  

5.5 (n=291)  

5.0 (n=1,473) À 

2.8 (n=1,518)  

10.5ÿ (n=323)  

5.6 (n=321)  

*VTE at day 14; ÀVTE at day 21; ÿVTE at day 15. 

Thromboprophylaxis of Medical 

Patients: Clear Benefits Over Placebo 





ASCO Guidelines 

 

 Recommendation. Hospitalized patients with 
cancer should be considered candidates for 
VTE prophylaxis with anticoagulants in the 
absence of bleeding or other 
contraindications to anticoagulation. 

Lyman GH et al. J Clin Oncol (25) 2007; 34: 5490-5505. 



Prophylaxis of CVAD - Related 

Thrombosis 

ǒThe presence of CVAD is a risk factor for VTE. 

ǒThree clinical trials have assessed that the 
incidence of CVAD-related symptomatic 
thrombosis is approximately 3% to 4%. 



Randomised Controlled Clinical Trials 

of Prophylaxis of CVAD - Related 

Thrombosis 

Study Drug n. CRT (%) 

Karthaus M et al*   
Ann Onc 2006  

Dalteparin, 5000 IU od 

Placebo  

285 

140 

 

11 (3.7)  

5 (3.4)  

 

Couban S et al* 
JCO 2005 

 

Warfarin, 1 mg od  

Placebo  

130  

125 

6 (4.6) 

5 (4.0) 

Verso M et al°  
JCO 2005  

 

Enoxaparin, 40 mg od 

Placebo  

155  

155  

22 (14.2) 

28 (18.1) 

* Symptomatic events 

° Routine venography at 6 weeks 



Young AM et al. Lancet 2009;373:567 

 WARP: Prophylactic Warfarin Does Not Reduce 

CVAD-Thrombosis in Cancer 

Combined 

thrombosis 

and major 

bleeding 

events 

Warfarin evaluation Dose evaluation 

No 

warfarin 

(n=404) 

Warfarin 

(n=408) 

Relative risk  

(95% CI, p value) 

Fixed-

dose 

warfarin 

(n=471) 

Dose-

adjusted 

warfarin 

(n=473) 

Relative risk 

(95% CI, p value) 

Total 

catheter-

related 

thrombosis 

and major 

bleeding 

events 

25 (6%) 31 (8%) 
1.23 

(0.83-1.52, 0.51) 
41 (9%) 29 (6%) 

0.84 

(0.74-2.04, 0.17) 

All thrombotic 

and major 

bleeding 

events 

39 (10%) 37 (9%) 
0.94 

(0.61-1.44, 0.87) 
44 (9%) 42 (9%) 

0.95  

(0.64-1.42, 0.89) 



 

 

ǒCurrent guidelines agree that extensive, routine 
prophylaxis to prevent CVAD-related VTE  is not 
recommended. To date prophylaxis might be tailored 
according to individual risk level. 

Recommendations for Prophylaxis 

for CVAD - Related Thrombosis 



Thromboprevention in the Ambulant 

 Cancer Patient :  

Warfarin 

Å Double-blind, placebo-controlled RCT demonstrated the 
efficacy of low-intensity warfarin (*INR 1.3-1.9) in patients 
receiving chemotherapy for metastatic breast cancer 
 

Å 311 women with metastatic breast cancer on  
1st- or 2nd-line chemotherapy 
 

Å Randomized to 1 mg warfarin for 6 weeks, then warfarin 
titrated to INR 1.3-1.9 or placebo 

Å 1 VTE in warfarin group vs 7 in placebo arm  

Å 85% risk reduction, P = .03, with no increased bleeding 

Levine M, et al. Lancet. 1994;343:886-889. *INR=international normalized ratio 



n=59 

Twilley C. H. 2002 



n=59 

Capecitabine 

Tamoxifen 

Sorafenib 

Sunitinib 

Twilley C. H. 2002 
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      10 
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20 
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% 

Months 

Cumulative Incidence Of Major  

Bleeding On Warfarin 

Prandoni P, et al. Blood. 2002;100:3484-3488.  

Warfarin to maintain INR 2ï3 

Major bleeding 12.4% vs 4.9%; HR 2.2 

P = 0.019  

Cancer 

Non-Cancer 



Recurrent thrombosis while on Warfarin 

20 
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Cancer 

No cancer 

20.7% vs 6.8%; HR 3.2 at 1 year 

Number of 

patients 

Cancer  181  160  129  92  73  64 

No cancer  661  631  602  161  120  115 

Prandoni P, et al. Blood. 2002;100:3484-3488.  



RCTs Kakkar et 

al 

Sideras et 

al 

Altimbas et 

al 

Freund et al  Gatzemeier 

et al 

Perry et al 

ACRONYM  FAMOUS - - TOPIC-1 TOPIC-2 PRODIGE 

LMWH dose  

 

 

 

 

Agent 

5,000 U 

Continuous 

 

 

Dalteparin 

5,000 U 

Continuous 

 

 

Dalteparin 

5,000U   

for 18 /52 

 

 

Dalteparin 

3,000 u 

For 6 /12 

 

 

Certoparin  

3,000 u 

For 6 /12 

 

 

Certoparin  

5,000 u 

For 6/12 (12 

/12 option) 

 

Dalteparin 

Cancer Type All Cancers All Cancers  SCLC Breast Cancer NSCLC Glioma 

Clinical VTE  

(C vs E) % 

3 Vs 2 7 Vs 6 2.4 Vs 0 4 vs 3.9 8.3 vs 4.5 17  vs  11 

LMWHs - Thromboprevention RCTs in 

Cancer  
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Dalteparin 

3,000 u 

For 6 /12 
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For 6 /12 

 

 

Certoparin  

5,000 u 

For 6/12 (12 

/12 option) 

 

Dalteparin 

Cancer Type All Cancers All Cancers  SCLC Breast Cancer NSCLC Glioma 

Clinical VTE  

(C vs E) % 

3 Vs 2 7 Vs 6 2.4 Vs 0 4 vs 3.9 8.3 vs 4.5 17  vs  11 

LMWHs - Thromboprevention RCTs in 

Cancer  



ǒLarge trials but with little attention paid to  
ï Anatomical site 

ï Time from diagnosis 

ï Accurate staging 

ï Grade of Histology 

ï Performance status 

ï Line of treatment 

ï Previous response 

ǒ 1PROTECHT 
ï 1166 patients- 3800 units Nadroparine sc-od 
Å The first significant difference  

Å VTE incidence from 3.9% reduced to 2.0% 

Å  Risk reduction 49%  

Strategy 1 : Treat óCancerô as a generic 

diagnosis ïResults in óNumbersô 

1Agnelli et al (2009) Lancet Oncol 2009; 10: 943-949. 



Thromboprophylaxis in ambulatory cancer 

patients receiving chemotherapy- Agnelli 

PROTECHT study 

ǒ Patients with solid tumours receiving chemotherapy 
randomised (2:1) to nadroparin 3800 IU od or placebo for up to 4 
months 

 Nadroparin Placebo p value, RRR, NNT 

Overall VTE 2.0% (15/769) 3.9% (15/381) Single-sided p=0.024, 

RRR 49.6%, NNT 50.5 

VTE rates in cancer subgroups 

Lung 3.5% (7/199) 8.8% (7/80) RRR 61.2%, NNT 18.9 

Gastrointestinal 1.5% (4/272) 2.7% (4/148) ï 

Pancreas 8.3% (3/36) 5.9% (1/17) ï 

Other 0.4% (1/262) 2.2% (3/136) ï 

1. Agnelli G et al. Lancet Oncol 2009; 10: 943-949. 

2. Agnelli G et al. Debate presentation at ICTHIC 2010. 



Thromboprophylaxis in ambulatory cancer 

patients receiving chemotherapy 

ǒ PROTECHT (lung cancer patients; nadroparin vs placebo)1 and 
TOPIC-2 (lung cancer patients; certoparin vs placebo)2 ad hoc 
combined analysis 

LMWH Placebo RR (95% CI), NNT/H 

Symptomatic thromboembolic events 

PROTECHT 3.5% (7/199) 8.8% (7/80) 

TOPIC-2 3.0% (8/268) 5.7% (15/264) 

Total  3.2% (15/467) 6.4% (22/344) RR 0.50 (0.26ï0.95)  

NNT 31 

Major bleeding 

PROTECHT 1.0% (2/199) 0 (0/80) 

TOPIC-2 3.7% (10/273) 2.2% (6/273) 

Total 2.5% (12/472) 1.7% (6/353) RR 1.50 (0.57ï3.95)  

NNH 125 

Agnelli G et al. Debate presentation at ICTHIC 2010. 
Adapted from 1. Agnelli G et al. Lancet Oncol 2009; 10: 943-949.  
And 2. Haas S et al. J Thromb Haemost 2005; 3 (suppl 1): OR059. 



Characteristic OR P value 

Site of Cancer 

Upper GI 

Lung 

Lymphoma 

 

3.88 

1.86 

1.5 

0.03 

0.0076 

0.05 

0.32 

Pre-chemotherapy platelet count > 

350,000/mm3 2.81 0.0002 

Hgb < 10g/dL or use of red cell 

growth factor 
1.83 0.03 

Use of white cell growth factor in 

high-risk sites 
2.09 0.008 

Khorana, Cancer, 2005 

Strategy 2 : óCancerô remains a generic 

diagnosis but select óHigh Riskô groups 



Predictive Model 

Patient Characteristic Score 

Site of Cancer 

Very high risk (stomach, pancreas) 

High risk (lung, lymphoma, gynecologic, 

GU excluding prostate) 

 

2 

1 

Platelet count > 350,000/mm3 1 

Hgb < 10g/dL or use of ESA 1 

Leukocyte count > 11,000/mm3 1 

BMI > 35 1 

Khorana AA et al. JTH Suppl Abs O-T-002 



Risk Score 0 1 2 3 4 

N 1,352 974 476 160 33 

VTE(%) /2.4 mo.s 0.8 1.8 2.7 6.3 13.2 
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Estimated Incidence 

95 % Confidence Limits 

Predictive Model 



Score 0 

Score 1 

Score 2 

Score Ó 3 

6 mos 

1.5% 

3.8% 

9.6% 

17.7% 

Validation of Risk Score 

ǒ Full data available in 819 patients 

ǒ Median observation time/follow-up: 656 days  

Number of 

Patients  Events 

n  n (%) 

Score Ó 3  93 17 (17.7) 

Score 2 221 21 (9.6) 

Score 1 229 9 (3.8) 

Score 0 276 1 (1.5) 

Ay et al, 2010. 



Strategy 3: Study the anti-coagulant as an 

anti-cancer agent 

ǒ Imagine you are not studying a ïrin but you are 
studying a ïnib 

ǒSingle malignancy 
- Stage 

- Line 

- Identical óCancerô treatment 

- Accurately described (e.g dose intensity) 

- Performance Status 

- Survival risk modelling 

- E.g. Motzer, Childs Pugh etc 

- Previous surgery to primary 

- Histological parameters 

26 



Gemcitabine with or without prophylactic 

weight-adjusted dalteparin (WAD) in patients 

with advanced or metastatic pancreatic 

cancer (APC): a multicentre, randomised 

phase IIB trial.   

The UK FRAGEM study  

A. Maraveyas, J. Waters, R. Roy, D 
Fyfe, D. Propper, F. Lofts, E. 

Gardiner, J. Sgouros K.R. 
Wedgwood.  

The Queenôs Oncology & Hematology Centre, 

Hull.  

Kent Oncology Centre, Maidstone 

Diana Princess of Wales, Grimsby  

Lancaster Royal Infirmary, Lancaster 

St Bartholomewôs Hospital, London 

St Georgeôs Hospital Medical School London 

 



With regional-stage disease With metastatic disease 

Adapted from Chew et al, Arch Intern Med 2006. 

Incidence of VTE Within 2 Years of Diagnosis  

of 5 Different Types of Cancer (235,149 cases) 



Eligibility Criteria: 

Inoperable Advanced Pancreatic Cancer 

 

Stratification factors 

PS (90-100 vs 60-80)  

Metastatic vs Locally Advanced 

FRAGEM Study Design  

Gemcitabine + Dalteparin 

1:1  

 

R 

A 

N 

D 

O 

M 

I 

Z 

A 

T 

I 

O 

N 

 

Gemcitabine 

Primary endpoint :  

Reduction of all-type VTE 

Secondary endpoints:  

Toxicity, effect on EDB, PFS,TTTF,OS. 

 

Dose-Schedule: 

 

Dalteparin 

12 weeks sc od 200 IU/kg week 1-4 and 150 

IU/kg week 5-12 (CLOT investigatorôs WAD) 

 

Gemcitabine 

1000 mg/m2 weekly (Burris schedule) 

Maraveyas A et al. Thromb Res 2010; 125: S166-S191 (abstract OC-02).  



CLOT: Cancer/VTE Trial 

CANCER PATIENTS WITH 

ACUTE DVT or PE 
   Randomization 

Oral Anticoagulant 

Dalteparin 

[N = 677]  

˅ Primary Endpoints: Recurrent VTE and Bleeding 

 

˅ Secondary Endpoint: Survival  

Lee, Levine, Kakkar, Rickles et.al. N Engl J Med, 2003;349:146 

Dalteparin 

Dalteparin 



Landmark CLOT Cancer Trial 

Reduction in Recurrent VTE 
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Risk reduction = 52% 

p-value = 0.0017 

Dalteparin 

OAC 

Recurrent VTE 

Lee, Levine, Kakkar, Rickles et.al. 

N Engl J Med, 2003;349:146 

 



ACCP Recommendations For The 

Treatment Of VTE In Cancer Patients 

ǒNew standard of care is LMWH at therapeutic doses 
for a minimum of 3-6 months (Grade 1A 
recommendationðACCP)  

 

Chest Jun 2008: 454Sï545S 



Treatment of Patients with Established 
VTE to Prevent Recurrence  

Role of VTE Prophylaxis Evidence 

Anticoagulation for an indefinite period 

should be considered for patients with 

active cancer (metastatic disease, 

continuing chemotherapy) 

In the absence of clinical trials, 

benefits and risks of continuing LMWH 

beyond 6 months is a clinical 

judgment in the individual patient. 

Caution is urged in elderly patients  

and those with intracranial 

malignancy. 

HAEMATOLOGICAL MALIGNANCIES? 



Eligibility Criteria: 

Inoperable Advanced Pancreatic Cancer 

 

Stratification factors 

PS (90-100 vs 60-80)  

Metastatic vs Locally Advanced 

FRAGEM Study Design  
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Gemcitabine 

Primary endpoint :  

Reduction of all-type VTE 

Secondary endpoints:  

Toxicity, effect on EDB, PFS,TTTF,OS. 

 

Dose-Schedule: 

 

Dalteparin 

12 weeks sc od 200 IU/kg week 1-4 and 150 

IU/kg week 5-12 (CLOT investigatorôs WAD) 

 

Gemcitabine 

1000 mg/m2 weekly (Burris schedule) 

Maraveyas A et al. Thromb Res 2010; 125: S166-S191 (abstract OC-02).  



Thromboprophylaxis in ambulatory cancer 

patients receiving chemotherapy 

FRAGEM study 

ǒ Patients with inoperable or metastatic advanced pancreatic cancer 
randomised to gemcitabine + weight-adjusted dalteparin (CLOT 
schedule) or gemcitabine alone for 12 weeks 

 

Gemcitabine 

(n=63) 

Gemcitabine + 

dalteparin (n=60) 

RR, (95% CI), p value 

óAll-typeô VTE 

overall 

31% 12% RR 0.380 (0.172, 0.840) 

p<0.02 

Clinical VTE 

overall 

24.2% 8.5% RR 0.350 (0.136, 0.903) 

p=0.038 

óAll-typeô VTE 

<100D 

25% 3.5% RR 0.138 (0.033, 0.578) 

p<0.002 

Clinical VTE 

<100D 

17.7% 0% RR 0.046 (0.003, 0.758) 

p<0.001 

Fatal VTE 

<100D 

9% 0% RR 0.083 (0.005, 1.447) 

p=0.028) 

Maraveyas A et al. Thromb Res 2010; 125: S166-S191 (abstract OC-02).  





Thromboprophylaxis in ambulatory cancer 

patients receiving chemotherapy 

 

Conclusions 

ǒ WA-dalteparin in APC was well 
tolerated 

ǒ During the WA-dalteparin period there 
was almost total prevention of VTE and 
total prevention of the clinical impact 
of VTE 

ï Prevention of fatal VTE 

ǒ Significant reduction in all-type VTE 
throughout the patientsô lifetime was 
also found 

ǒ WA-LMWH thromboprophylaxis with 
first-line gemcitabine in APC should 
now be considered a standard of care, 
with WAdalteparin for 3 months being 
an option 

FRAGEM study 

Secondary endpoints 

ǒ Low SAE (3% major bleed n.d) 

ǒ No difference in overall survival 

ǒ No difference in time to treatment failure 

ǒ No difference in response rate 

 

Maraveyas A et al. Thromb Res 2010; 125: S166-S191 (abstract OC-02).  


