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SUMMARY 
 

OBJECTIVE: An unexpected promising effect of low-molecular-weight heparins (LMWHs) on 

survival in cancer patients was observed in early trials in post-hoc subgroup analyses but not 

found in more recent trials. In order to highlight a possible regression over time toward the 

lack of antitumoral effect of LMWHs, we performed a cumulative meta-analysis of survival 

data from RCTs.STUDY DESIGN AND SETTING: Medical databases were searched to 

identify randomized clinical trials comparing LMWHs to placebo or no treatment in cancer 

patients without VTE, or to VKA in cancer patients with VTE in overall survival. Cumulative 

hazard ratio (HR) was estimated after each study inclusion in chronological order. 

RESULTS: Twenty-three studies (12,970 patients) were included. The cumulative meta-

analysis of the earlier trials showed a significant improvement in overall survival with 

LMWHs. This apparent benefit then gradually regressed over time toward an absence of 

effect of LMWHs on survival(HR 0.98 [95% CI, 0.93; 1.03]).  

CONCLUSION: Despite supportive experimental data and early clinical findings, the 

promising antitumor effect of LMWHs in cancer patients gradually vanished over time toward 

a lack of impact on overall survival. This result suggests ‘p-hacking’ and selective reporting of 

positive results from post-hoc subgroup analyses in the early studies. 

 

Key words: cumulative meta-analysis; randomized clinical trial; cancer; low-molecular-

weight heparin; survival; p-hacking. 

 

198 words 

 

 
  



 3 

INTRODUCTION 

 

Venous thromboembolism (VTE), including deep venous thrombosis (DVT) and pulmonary 

embolism (PE), is a well-known complication in patients with cancer (1-3). Low-molecular-

weight-heparins (LMWHs) are safe, effective and recommended by clinical practice 

guidelines for the treatment of VTE in cancer patients (4).  

An unexpected finding of the early trials comparing LMWHs and unfractionated heparin in 

patients with VTE was an apparent improved survival in the subgoups of patients with cancer 

treated with LMWHs (5-8). This tendency was confirmed in several meta-analyses published 

as early as 1996 (9,10). However, these meta-analyses could only include studies that 

reported survival in the subgroups of cancer patients, suggesting possible selective reporting 

because the results were positive, otherwise known as P-hacking (11).  

The first randomized clinical trial (RCT) specifically designed to confirm this possible 

antitumor effect of LMWHs was published in 2004 (12). Although no significant effect on 

survival was seen in the study population as a whole, a significant difference favouring the 

LMWH arm was observed in an unplanned post-hoc subgroup analysis of patients with a 

better prognosis. Similarly, in a study in cancer patients with VTE, an unplanned post-hoc 

analysis showed a significantly improved overall survival (OS) with LMWHs compared to 

warfarin only in the subgroup of patients with non-metastatic cancers (13,14). The only RCT 

that showed a significant benefit of LMWHs on OS in the entire patient population was the 

MALT study, published in 2005 (15). Consequently, the ensuing (positive) meta-analyses 

were based mainly or exclusively on data from post-hoc unplanned subgroup analysis that 

were possibly reported only in the case of positive results (16).  

As the most recent trials no longer suggest any survival benefit from LMWHs in patients with 

cancer (17,18), we hypothesized that the “effect” observed a few years ago was fortuitous 

and that the only meaningful study result was a false positive (15). We had to wait for 2019 to 

propose strong recommandations specifying that for cancer patients without VTE, 

“Anticoagulant use is not recommended to improve survival in patients with cancer without 

VTE” (19). In order to know if the regression over time towards the lack of antitumoral effect 

of LMWHs on survival of cancer patients could be earlier highlighted, we performed a 

cumulative meta-analysis of survival data from RCTs. 

 

 

METHODS 

 
Literature search 

We sought to identify all relevant published and unpublished randomized controlled trials that 
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compared LMWHs for at least 1 month with placebo or standard therapy in cancer patients, 

i.e. placebo or no treatment in cancer patients free of VTE, and VKA in cancer patients with 

VTE.  

An exhaustive literature search, both manual and computer-assisted, was performed up to 

August 2019, with no restrictions on language or dates. The computer-assisted search was 

carried out on electronic databases (MEDLINE, Cancerlit, The Cochrane Library databases, 

SCOPUS, Google Scholar and the international database of clinical trials 

[www.clinicaltrials.gov]). In addition, the proceedings of major conferences (American Society 

of Clinical Oncology [ASCO], European Society for Medical Oncology [ESMO], International 

Society on Thrombosis and Haemostasis [ISTH], American Society of Hematology [ASH]) 

were searched for abstracts of relevant trials. The following keywords were used: 

randomized, randomized controlled trial, cancer, generic and trade names of individual 

preparations of LMWHs (dalteparin or Fragmin®, enoxaparin or Lovenox®, nadroparin or 

Fraxiparin®, danaparoid or Orgaran®, tinzaparin or Innohep®). We also manually searched 

the reference lists of journal articles reporting results from clinical trials, meta-analyses and 

systematic reviews to identify additional studies, and contacted manufacturers of LMWHs to 

learn of unpublished studies. When studies had been published as both an abstract and a full 

article, only the article was referenced. If more than one article was published for the same 

study, we extracted the relevant information from all publications as needed. A post-hoc 

literature search was performed to find studies that compared LMWHs versus direct oral 

anticoagulants (DOACs) in cancer patients with VTE, adding the following generic and trade 

names of individual preparations of DOACs to the search equation: dabigatran or Pradaxa®, 

rivaroxaban or Xarelto®, apixaban or Eliquis®, edoxaban or Savaysa®, betrixaban or 

Bevyxxa®. 

 

Study Selection 

Two of the authors (SL and CC) independently assessed studies for possible inclusion and 

disagreements were resolved by consensus, taking into account the opinion of a third 

assessor (EO). To be included, studies had to be properly randomized, include cancer 

patients and compare LMWHs with placebo or no treatment in patients free of VTE, or VKA 

in VTE patients. The type of LMWHs, dose, duration of treatment, and duration of follow-up 

were recorded but not used to determine the eligibility of studies for inclusion.  

 

Data Extraction and Quality Assessment 

Data were independently extracted by two of the authors. In the event of discrepancies 

between reviewers, a consensus was reached. For each clinical trial, we extracted details on 



 5 

study characteristics (author names; year of publication; number of randomized patients in 

each group); study design (double-blind or open); methodological quality of the study; patient 

characteristics. The methodological quality of each trial was evaluated using the Cochrane 

Collaboration tool for assessing risk of bias in randomized trials, taking into account random 

sequence generation, concealment of the allocation sequence, blinding of participants and 

personnel, blinding of outcome assessment, incomplete outcome data and selective 

reporting (20). 

 

Endpoint 

The endpoint of the meta-analysis was overall survival at the end of the treatment period if 

available, if not at the end of the follow-up period. The hazard ratio (HR) for overall survival 

and its 95% confidence interval (95% CI) were either computed (when individual patient data 

were available), extracted from the corresponding publication, or derived from the number of 

deaths in each treatment group and the log-rank P value reported in the publication, as 

described by Parmar et al. (21). When statistical information was missing, data were 

requested from the investigators or the sponsor. Finally, if data remained unavailable after 

several contacts, HRs were derived from the survival curves (21) or estimated according to 

the corresponding relative risk (RR). 

 

Statistical Analysis 

We used a fixed-effects model based on the logarithm of the HR weighted by the inverse of 

the variance for combining results from the individual trials. Statistical heterogeneity among 

studies was explored using Cochran’s Q statistic and study consistency was quantified with 

the I² statistic (22). In the event of significant heterogeneity (p-value less than 0.10) and in 

the absence of any clear explanation for this heterogeneity, a random-effects model was 

used (23).  

We performed a cumulative meta-analysis with all indications combined (including both 

cancer patients free of VTE and cancer patients with VTE). The cumulative meta-analysis 

was performed by updating the pooled estimate of the treatment effect each time the results 

of trials with a more recent publication date were added. A p-value for the association of less 

than 0.05 was considered statistically significant. The results of the meta-analysis are 

presented graphically with forest plots representing the effect size expressed as the HR with 

the corresponding 95% CI. An HR equal to 1 indicates no difference between the treatments, 

less than 1 indicates superiority of the LMWHs and greater than 1 indicates superiority of the 

control (i.e. placebo, no treatment, or long-term VKA in VTE patients). We explored the 

publication biases of the studies included in the final analysis using Begg’s funnel plot and 
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Egger’s test to help to determine whether additional small studies might have been 

conducted but not published because of unfavourable or negative results (24,25).  

The meta-analysis was performed with R software version 3.5.1 (meta package, downloaded 

from www.r-project.org). 

 

Consistency of results 

Consistency of the results was verified across the subgroups of trials according to the priority 

of the overall survival endpoint in the study (primary or secondary outcome). Subgroups 

analyses took into account the type of patients (patients free of VTE  and patients with VTE), 

the dosing of LMWHs (prophylaxis, intermediate, therapeutic) and the type of cancer. A 

posthoc analysis was performed by including the recent trials having compared LMWHs and 

direct oral anticoagulants in cancer patients with VTE. 

 

 

RESULTS 

 

Study Selection 

The search procedure identified 385 potentially eligible references, of which 363 were 

excluded after a scan of their titles and abstracts (Fig 1). After assessment of the fulltexts, 

seven additional references were excluded. Finally, 25 references, reporting the results of 26 

trials, were included in the meta-analysis (12,13,15,17,18,26-45). The search procedure of 

the post-hoc analysis is given in Appendix 2. 

 

Study description 

Table 1 shows the design of the 26 studies included in the meta-analysis. Twenty-one 

studies included patients free of VTE and compared LMWHs to a control group, while five 

studies included patients with symptomatic VTE and compared LMWHs to a long-term VKA 

group. Seven studies were double-blind, one study was single-blind and one study was 

originally designed as double-blind but was subsequently converted to open-label with the 

aim of improving recruitment. Information regarding the potential biases of the studies 

included is provided in Appendix 3. 

 

Cumulative meta-analysis of overall survival 

Only 23 studies reported overall survival data, concerning a total of 12,625 patients. The 

cumulative meta-analysis of studies reported since 2002 shows the expected progressive 
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precision of the confidence interval with the accrual of the new studies (Fig 2). After inclusion 

of the first studies, the cumulative meta-analysis showed a significant improvement in overall 

survival with LMWHs. With the inclusion of further studies reported from about 2005 onward, 

there was a gradual regression of the results over time toward the absence of an antitumor 

effect of LMWHs, culminating in a non-significant difference between the treatment groups 

after inclusion of the studies reported in 2019 (HR 0.98, [95%CI, 0.93 to 1.03], p = 0.38, I² = 

5%).  

The funnel plot reveals a potential publication bias, with a lack of studies on the lower left 

side of the summary treatment effect (Appendix 4), but this apparent publication bias was not 

statistically significant (Egger’s test; p = 0.47). 

 

Consistency of results 

This trend is especially apparent when considering only studies that defined overall survival 

as the primary endpoint (Fig 3). When the cumulative meta-analysis is performed according 

to the type of patients (patients with or without VTE) or the dosing of LMWHs (prophylaxis, 

intermediate, therapeutic), the trend toward the lack of antitumoral effect is the same in each 

category (Fig 4 and 5 respectively). Finally, no heterogeneity of the trend is observed 

accross types of cancer (Appendix 5). A trend toward a lack of antitumoral effect of LMWHs 

is still observed when adding the recent studies of LMWHs versus direct oral anticoagulants: 

(HR 0.96, [95%CI, 0.86 to 1.07], Appendix 6). 

 

 

 
 
DISCUSSION 

 

This meta-analysis did not reveal any significant decrease in the mortality of cancer patients 

treated with LMWHs, whether compared to placebo or no treatment in patients without VTE, 

or compared to VKA treatment in patients with VTE (HR = 0.98 [95% CI, 0.93 to 1.03], 

12,625 patients). After the promising results obtained in the earlier studies, there was a 

regression of the results over time toward the absence of antitumor effect of LMWHs since 

2005. Despite the accumulation of available data from RCTs and the statistical power gain, 

this meta-analysis did not allow detection of a significant treatment effect.  

 

Several meta-analyses have been performed in cancer patients to assess the effect of 

LMWHs on overall mortality, either comparing LMWHs with VKA in cancer patients with VTE 

(16,46-51), or comparing LMWH with standard care (placebo or no treatment) in cancer 



 8 

patients without thrombosis (52-56). The first originality of this meta-analysis is that we 

pooled all these trials on the grounds that an antitumor effect of LMWHs on mortality was 

expected in patients both with and without VTE. No heterogeneity of treatment effect was 

seen across these two groups of trials, as well as the groups of dosing, pleading for the 

absence of any apparent dose-effect relationship of LMWHs over the range of doses studied. 

We therefore believe that the pooling of data across these trials is a valid approach.  

 

The second originality is the use of cumulative meta-analysis to highlight the trend of the 

treatment effect with the accumulation of data over time. Cumulative meta-analyses may 

reveal that numerous RCTs have been conducted to address efficacy questions that prior 

trials had already definitively answered, as noted, for example, in 2005 with respect to the 

use of aprotinin in cardiac surgery (57). As regards our meta-analysis, the earlier promising 

results were based either on the analysis of subgroups defined a posteriori, or on meta-

analyses of subgroups or of a secondary endpoint. Only one large-scale double-blind study 

found an improvement in overall survival in cancer patients treated with LMWHs (15); this 

result was widely highlighted but never reproduced. As the published clinical research 

literature may be distorted by the pursuit of statistically significant results, it cannot be 

excluded that the effect of LMWHs on overall mortality in cancer patients was related to 

publication biases and p-hacking, which inflate the risk of false positive results when these 

are derived from analyses of subgroups or secondary outcomes.  

 

Its potential limitation is the differences in design of the studies included, which are inevitable 

given that the individual trials used different treatment protocols. However, differences in the 

design of individual trials do not necessarily preclude pooling of their results, as in a meta-

analysis, individual patients are directly compared only with other patients within the same 

trial rather than across the various trials included. 

 

Despite supportive experimental data and promising early clinical findings, the supposed 

antitumor effect of LMWHs in cancer patients gradually vanished over time toward their true 

impact on overall survival, i.e., none. This result suggest that we should beware of early 

enthusiasm when a study reports a result that may seem revolutionary, especially if this is 

based on an unplanned subgroup analysis or concerns a secondary outcome. 

 

 

CONCLUSION 

 

The cumulative meta-analysis tool allows to early highlight the lack of antitumoral effect of 
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LMWHs on the survival of cancer patients and the stability of this result for several years. 

 

 
 

ACKNOWLEDGMENT 

 
The authors thank Dr Sideras for providing additional information relative to his study and 

Sanofi for providing survival data from the CANTHANOX and ONCENOX trials. 

 
 
 
REFERENCES 
 

1. Khorana AA, Francis CW, Culakova E, Kuderer NM, Lyman GH. Thromboembolism is a 

leading cause of death in cancer patients receiving outpatient chemotherapy. J Thromb 

Haemost [Internet]. 2007 Mar;5(3):632-4. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/17319909. DOI: 10.1111/j.1538-7836.2007.02374.x 

2. Sørensen HT, Mellemkjaer L, Olsen JH, Baron JA. Prognosis of cancers associated with 

venous thromboembolism. N Engl J Med [Internet]. 2000 Dec 21;343(25):1846-50. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/11117976. DOI: 

10.1056/NEJM200012213432504 

3. Rak J, Yu JL, Luyendyk J, Mackman N. Oncogenes, trousseau syndrome, and cancer-

related changes in the coagulome of mice and humans. Cancer Res [Internet]. 2006 Nov 

15;66(22):10643-6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/17108099. DOI: 

10.1158/0008-5472.CAN-06-2350 

4. Lyman GH, Bohlke K, Khorana AA, Kuderer NM, Lee AY, Arcelus JI, et al. Venous 

thromboembolism prophylaxis and treatment in patients with cancer: American Society 

of Clinical Oncology clinical practice guideline update 2014. J Clin Oncol [Internet]. 2015 

Feb 20;33(6):654-6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25605844. 

DOI: 10.1200/JCO.2014.59.7351 

5. Prandoni P, Lensing A, Büller H, Cogo A, Prins M, Cattelan A, et al. Deep-vein 

thrombosis and the incidence of subsequent symptomatic cancer. N Engl J Med. 

1992;327(16):1128-33. DOI: 10.1056/NEJM199210153271604 

6. Hull R, Raskob G, Pineo G, Green D, Trowbridge A, Elliott C, et al. Subcutaneous low-

molecular-weight heparin compared with continuous intravenous heparin in the 

treatment of proximal-vein thrombosis. N Engl J Med. 1992;326(15):975-82. DOI: 

10.1056/NEJM199204093261502 



 10

7. Green D, Hull R, Brant R, Pineo G. Lower mortality in cancer patients treated with low-

molecular-weight versus standard heparin. Photogramm Eng Remote Sensing. 

1992;339(8807):1476. DOI: 10.1016/0140-6736(92)92064-m 

8. Hirsh J, Siragusa S, Cosmi B, Ginsberg J. Low molecular weight heparins (LMWH) in 

the treatment of patients with acute venous thromboembolism. Thromb Haemost. 

1995;74:360-3.  

9. Siragusa S, Cosmi B, Piovella F, Hirsh J, Ginsberg JS. Low-molecular-weight heparins 

and unfractionated heparin in the treatment of patients with acute venous 

thromboembolism: results of a meta-analysis. Am J Med [Internet]. 1996 

Mar;100(3):269-77. Available from: http://www.ncbi.nlm.nih.gov/pubmed/8629671. DOI: 

10.1016/S0002-9343(97)89484-3 

10. Gould MK, Dembitzer AD, Doyle RL, Hastie TJ, Garber AM. Low-molecular-weight 

heparins compared with unfractionated heparin for treatment of acute deep venous 

thrombosis. A meta-analysis of randomized, controlled trials. Ann Intern Med [Internet]. 

1999 May 18;130(10):800-9. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/10366369. DOI: 10.7326/0003-4819-130-10-

199905180-00003 

11. Head ML, Holman L, Lanfear R, Kahn AT, Jennions MD. The Extent and Consequences 

of P-Hacking in Science. PLoS Biol [Internet]. 2015;13(3):1-15. Available from: 

http://dx.doi.org/10.1371/journal.pbio.1002106. DOI: 10.1371/journal.pbio.1002106 

12. Kakkar AK, Levine MN, Kadziola Z, Lemoine NR, Low V, Patel HK, et al. Low molecular 

weight heparin, therapy with dalteparin, and survival in advanced cancer: the fragmin 

advanced malignancy outcome study (FAMOUS). J Clin Oncol [Internet]. 2004 May 

15;22(10):1944-8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15143088. DOI: 

10.1200/JCO.2004.10.002 

13. Lee AYY, Levine MN, Baker RI, Bowden C, Kakkar AK, Prins M, et al. Low-molecular-

weight heparin versus a coumarin for the prevention of recurrent venous 

thromboembolism in patients with cancer. N Engl J Med [Internet]. 2003 Jul 

10;349(2):146-53. Available from: http://www.ncbi.nlm.nih.gov/pubmed/12853587. DOI: 

10.1056/NEJMoa025313 

14. Lee AYY, Rickles FR, Julian JA, Gent M, Baker RI, Bowden C, et al. Randomized 

comparison of low molecular weight heparin and coumarin derivatives on the survival of 

patients with cancer and venous thromboembolism. J Clin Oncol [Internet]. 2005 Apr 

1;23(10):2123-9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15699480. DOI: 

10.1200/JCO.2005.03.133 

15. Klerk CPW, Smorenburg SM, Otten H-M, Lensing AWA, Prins MH, Piovella F, et al. The 

effect of low molecular weight heparin on survival in patients with advanced malignancy. 



 11

J Clin Oncol [Internet]. 2005 Apr 1;23(10):2130-5. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/15699479. DOI: 10.1200/JCO.2005.03.134 

16. Iorio A, Guercini F, Pini M. Low-molecular-weight heparin for the long-term treatment of 

symptomatic venous thromboembolism: meta-analysis of the randomized comparisons 

with oral anticoagulants. J Thromb Haemost [Internet]. 2003 Sep;1(9):1906-13. Available 

from: http://www.ncbi.nlm.nih.gov/pubmed/12941030 

17. Lee AYY, Kamphuisen PW, Meyer G, Bauersachs R, Janas MS, Jarner MF, et al. 

Tinzaparin vs Warfarin for Treatment of Acute Venous Thromboembolism in Patients 

With Active Cancer: A Randomized Clinical Trial. JAMA [Internet]. 2015 Aug 

18;314(7):677-86. Available from: http://www.ncbi.nlm.nih.gov/pubmed/26284719. DOI: 

10.1001/jama.2015.9243 

18. Meyer G, Besse B, Doubre H, Charles-Nelson A, Aquilanti S, Izadifar A, et al. Anti-

tumour effect of low molecular weight heparin in localised lung cancer: a phase III 

clinical trial. Eur Respir J. 2018 Oct 4;52(4):1801220. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/30262574. DOI: 10.1183/13993003.01220-2018 

19. Key NS, Khorana AA, Kuderer NM, Bohlke K, Lee AYY, Arcelus JI, et al. Venous 

Thromboembolism Prophylaxis and Treatment in Patients With Cancer: ASCO Clinical 

Practice Guideline Update. J Clin Oncol [Internet]. 2019 Aug 5:JCO1901461. Available 

from:  http://www.ncbi.nlm.nih.gov/pubmed/31381464. DOI: 10.1200/JCO.19.01461 

20. Higgins JPT, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The 

Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ 

[Internet]. 2011 Oct 18;343(oct18 2):d5928. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/22008217. DOI: 10.1136/bmj.d5928 

21. Parmar MK, Torri V, Stewart L. Extracting summary statistics to perform meta-analyses 

of the published literature for survival endpoints. Stat Med [Internet]. 1998 Dec 

30;17(24):2815-34. Available from: http://www.ncbi.nlm.nih.gov/pubmed/9921604. DOI: 

10.1002/(sici)1097-0258(19981230)17:24<2815::aid-sim110>3.0.co;2-8 

22. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-

analyses. BMJ [Internet]. 2003 Sep 6;327(7414):557-60. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/12958120. DOI: 10.1136/bmj.327.7414.557 

23. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials [Internet]. 

1986 Sep;7(3):177-88. Available from: http://www.ncbi.nlm.nih.gov/pubmed/3802833 

24. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for 

publication bias. Biometrics [Internet]. 1994 Dec;50(4):1088-101. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/7786990 



 12

25. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a 

simple, graphical test. BMJ [Internet]. 1997 Sep 13;315(7109):629-34. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/9310563. DOI: 10.1136/bmj.315.7109.629 

26. Meyer G, Marjanovic Z, Valcke J, Lorcerie B, Gruel Y, Solal-Celigny P, et al. 

Comparison of low-molecular-weight heparin and warfarin for the secondary prevention 

of venous thromboembolism in patients with cancer: a randomized controlled study. Arch 

Intern Med [Internet]. 2002;162(15):1729-35. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/12153376. DOI: 10.1001/archinte.162.15.1729 

27. Altinbas M, Coskun HS, Er O, Ozkan M, Eser B, Unal A, et al. A randomized clinical trial 

of combination chemotherapy with and without low-molecular-weight heparin in small 

cell lung cancer. J Thromb Haemost [Internet]. 2004 Aug;2(8):1266-71. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/15304029. DOI: 10.1111/j.1538-7836.2004.00871.x 

28. Sideras K, Schaefer PL, Okuno SH, Sloan JA, Kutteh L, Fitch TR, et al. Low-molecular-

weight heparin in patients with advanced cancer: a phase 3 clinical trial. Mayo Clin Proc 

[Internet]. 2006 Jun;81(6):758-67. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/16770976. DOI: 10.4065/81.6.758 

29. Deitcher SR, Kessler CM, Merli G, Rigas JR, Lyons RM, Fareed J, et al. Secondary 

prevention of venous thromboembolic events in patients with active cancer: enoxaparin 

alone versus initial enoxaparin followed by warfarin for a 180-day period. Clin Appl 

Thromb Hemost [Internet]. 2006 Oct;12(4):389-96. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/17000884. DOI: 10.1177/1076029606293692 

30. Hull RD, Pineo GF, Brant RF, Mah AF, Burke N, Dear R, et al. Long-term low-molecular-

weight heparin versus usual care in proximal-vein thrombosis patients with cancer. Am J 

Med [Internet]. 2006 Dec;119(12):1062-72. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/17145251. DOI: 10.1016/j.amjmed.2006.02.022 

31. Agnelli G, Gussoni G, Bianchini C, Verso M, Mandalà M, Cavanna L, et al. Nadroparin 

for the prevention of thromboembolic events in ambulatory patients with metastatic or 

locally advanced solid cancer receiving chemotherapy: a randomised, placebo-

controlled, double-blind study. Lancet Oncol [Internet]. 2009 Oct;10(10):943-9. Available 

from: http://www.ncbi.nlm.nih.gov/pubmed/19726226. DOI: 10.1016/S1470-

2045(09)70232-3 

32. Perry JR, Julian JA, Laperriere NJ, Geerts W, Agnelli G, Rogers LR, et al. PRODIGE: a 

randomized placebo-controlled trial of dalteparin low-molecular-weight heparin 

thromboprophylaxis in patients with newly diagnosed malignant glioma. J Thromb 

Haemost [Internet]. 2010 Sep;8(9):1959-65. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/20598077. DOI: 10.1111/j.1538-7836.2010.03973.x 



 13

33. van Doormaal FF, Di Nisio M, Otten H-M, Richel DJ, Prins M, Buller HR. Randomized 

trial of the effect of the low molecular weight heparin nadroparin on survival in patients 

with cancer. J Clin Oncol [Internet]. 2011 May 20;29(15):2071-6. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/21502549. DOI: 10.1200/JCO.2010.31.9293 

34. Agnelli G, George DJ, Kakkar AK, Fisher W, Lassen MR, Mismetti P, et al. Semuloparin 

for thromboprophylaxis in patients receiving chemotherapy for cancer. N Engl J Med 

[Internet]. 2012 Feb 16;366(7):601-9. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/22335737. DOI: 10.1056/NEJMoa1108898 

35. Haas SK, Freund M, Heigener D, Heilmann L, Kemkes-Matthes B, von Tempelhoff G-F, 

et al. Low-molecular-weight heparin versus placebo for the prevention of venous 

thromboembolism in metastatic breast cancer or stage III/IV lung cancer. Clin Appl 

Thromb Hemost [Internet]. 2012;18(2):159-65. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/22275397. DOI: 10.1177/1076029611433769 

36. Maraveyas A, Waters J, Roy R, Fyfe D, Propper D, Lofts F, et al. Gemcitabine versus 

gemcitabine plus dalteparin thromboprophylaxis in pancreatic cancer. Eur J Cancer 

[Internet]. 2012 Jun;48(9):1283-92. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/22100906. DOI: 10.1016/j.ejca.2011.10.017 

37. Zwicker JI, Liebman HA, Bauer KA, Caughey T, Campigotto F, Rosovsky R, et al. 

Prediction and prevention of thromboembolic events with enoxaparin in cancer patients 

with elevated tissue factor-bearing microparticles: a randomized-controlled phase II trial 

(the Microtec study). Br J Haematol [Internet]. 2013 Feb;160(4):530-7. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/23240761. DOI: 10.1111/bjh.12163 

38. Lecumberri R, López Vivanco G, Font A, González Billalabeitia E, Gúrpide A, Gómez 

Codina J, et al. Adjuvant therapy with bemiparin in patients with limited-stage small cell 

lung cancer: results from the ABEL study. Thromb Res [Internet]. 2013;132(6):666-70. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/24491267. DOI: 

10.1016/j.thromres.2013.09.026 

39. Vadhan-Raj S, Zhou X, Varadhachary GR, Milind J, Fogelman D, Shroff R, et al. 

Randomized controlled trial of dalteparin for primary thromboprophylaxis for venous 

thromboembolism (VTE) in patients with advanced pancreatic cancer (APC): risk factors 

predictive of VTE. In American Society of Hematology; 2013. p. 580.  

40. Pelzer U, Opitz B, Deutschinoff G, Stauch M, Reitzig PC, Hahnfeld S, et al. Efficacy of 

Prophylactic Low-Molecular Weight Heparin for Ambulatory Patients With Advanced 

Pancreatic Cancer: Outcomes From the CONKO-004 Trial. J Clin Oncol [Internet]. 2015 

Jun 20;33(18):2028-34. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25987694. 

DOI: 10.1200/JCO.2014.55.1481 



 14

41. Macbeth F, Noble S, Evans J, Ahmed S, Cohen D, Hood K, et al. Randomized Phase III 

Trial of Standard Therapy Plus Low Molecular Weight Heparin in Patients With Lung 

Cancer: FRAGMATIC Trial. J Clin Oncol [Internet]. 2016 Feb 10;34(5):488-94. Available 

from: http://www.ncbi.nlm.nih.gov/pubmed/26700124. DOI: 10.1200/JCO.2015.64.0268 

42. Groen H, van der Heijden E, Klinkenberg T, Biesma B, Aerts J, A. V. Randomized phase 

III study of adjuvant chemotherapy with or without low-molecular weight heparin in 

completely resected non-small cell lung cancer patients: The NVALT-8 study. J Clin 

Oncol [Internet]. 2016;15 suppl:8506-8506. DOI: 10.1038/s41416-019-0533-3 

43. Khorana AA, Francis CW, Kuderer NM, Carrier M, Ortel TL, Wun T, et al. Dalteparin 

thromboprophylaxis in cancer patients at high risk for venous thromboembolism: A 

randomized trial. Thromb Res [Internet]. 2017 Mar;151:89-95. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/28139259. DOI: 10.1016/j.thromres.2017.01.009 

44. Ek L, Gezelius E, Bergman B, Bendahl PO, Anderson H, Sundberg J, et al. Randomized 

Phase III Trial of Low Molecular Weight Heparin Enoxaparin in Addition to Standard 

Treatment in Small Cell Lung Cancer: the RASTEN Trial. Ann Oncol [Internet]. 2018 Feb 

1;29(2):398-404. Available from: http://www.ncbi.nlm.nih.gov/pubmed/29106448. DOI: 

10.1093/annonc/mdx716 

45. Taghizadeh Kermani A, Hosseini S, Fanipakdel A, Joudi Mashhad M, Akhavan Rezayat 

K, Zardadi M, et al. A randomized clinical trial on the antitumoral effects of low molecular 

weight heparin in the treatment of esophageal cancer. J Cell Physiol [Internet]. 2019 

Apr;234(4):4191-4199. Available from: http://www.ncbi.nlm.nih.gov/pubmed/30362518. 

DOI: 10.1002/jcp.27177 

46. Akl EA, Terrenato I, Barba M, Sperati F, Sempos E V, Muti P, et al. Low-molecular-

weight heparin vs unfractionated heparin for perioperative thromboprophylaxis in 

patients with cancer: a systematic review and meta-analysis. Arch Intern Med [Internet]. 

2008 Jun 23;168(12):1261-9. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/18574082. DOI: 10.1001/archinte.168.12.1261 

47. Louzada ML, Majeed H, Wells PS. Efficacy of low- molecular- weight- heparin versus 

Vitamin K antagonists for long term treatment of cancer-associated venous 

thromboembolism in adults: A systematic review of randomized controlled trials. Thromb 

Res [Internet].; 2009;123(6):837-44. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/18977517. DOI: 10.1016/j.thromres.2008.09.002 

48. Romera-Villegas A, Cairols-Castellote MA, Vila-Coll R, Marti-Mestre X, Colomé E, Iguaz 

I. Long-Term Use of Different Doses of Low-Molecular-Weight Heparin Versus Vitamin K 

Antagonists in the Treatment of Venous Thromboembolism. Ann Vasc Surg [Internet]. 

2010;24(5):628-39. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19932949. DOI: 

10.1016/j.avsg.2009.08.006 



 15

49. Carrier M, Cameron C, Delluc A, Castellucci L, Khorana AA, Lee AYY. Efficacy and 

safety of anticoagulant therapy for the treatment of acute cancer-associated thrombosis: 

A systematic review and meta-analysis. Thromb Res [Internet].; 2014;134(6):1214-9. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/25457583. DOI: 

10.1016/j.thromres.2014.09.039 

50. Larsen TB, Nielsen PB, Skjoth F, Rasmussen LH, Lip GYH. Non-vitamin K antagonist 

oral anticoagulants and the treatment of venous thromboembolism in cancer patients: A 

semi systematic review and meta-analysis of safety and efficacy outcomes. PLoS One 

[Internet]. 2014;9(12):1-12.  Available from:  

http://www.ncbi.nlm.nih.gov/pubmed/25479007. DOI: 10.1371/journal.pone.0114445 

51. Posch F, Königsbrügge O, Zielinski C, Pabinger I, Ay C. Treatment of venous 

thromboembolism in patients with cancer: A network meta-analysis comparing efficacy 

and safety of anticoagulants. Thromb Res [Internet].; 2015;136(3):582-9. Available from:  

http://www.ncbi.nlm.nih.gov/pubmed/26210891. DOI: 10.1016/j.thromres.2015.07.011 

52. Kuderer NM, Khorana AA, Lyman GH, Francis CW. A meta-analysis and systematic 

review of the efficacy and safety of anticoagulants as cancer treatment: Impact on 

survival and bleeding complications. Cancer [Internet]. 2007;110(5):1149-61. Available 

from:  http://www.ncbi.nlm.nih.gov/pubmed/17634948. DOI: 10.1002/cncr.22892 

53. Lazo-Langner A, Goss GD, Spaans JN, Rodger MA. The effect of low-molecular-weight 

heparin on cancer survival. A systematic review and meta-analysis of randomized trials. 

J Thromb Haemost [Internet]. 2007;5(4):729-37. Available from:  

http://www.ncbi.nlm.nih.gov/pubmed/17408406. DOI: 10.1111/j.1538-7836.2007.02427.x 

54. Sanford D, Naidu A, Alizadeh N, Lazo-Langner A. The effect of low molecular weight 

heparin on survival in cancer patients: an updated systematic review and meta-analysis 

of randomized trials. J Thromb Haemost [Internet]. 2014;12(7):1076-85. Available from:  

http://www.ncbi.nlm.nih.gov/pubmed/24796727. DOI: 10.1111/jth.12595 

55. Tun N, Guevara E, Oo T. Benefit and risk of primary thromboprophylaxis in ambulatory 

patients with advanced pancreatic cancer receiving chemotherapy: a systematic review 

and meta-analysis of randomized controlled trials. Blood Coagul Fibrinolysis [Internet]. 

2016;27(3):270-4. Available from:  http://www.ncbi.nlm.nih.gov/pubmed/26963028. DOI: 

10.1097/MBC.0000000000000413 

56. Schünemann HJ, Ventresca M, Crowther M, Briel M, Zhou Q, Garcia D, et al. Use of 

heparins in patients with cancer: individual participant data meta-analysis of randomised 

trials study protocol. BMJ Open [Internet]. 2016;6(4):e010569. Available from:  

http://www.ncbi.nlm.nih.gov/pubmed/27130164. DOI: 10.1136/bmjopen-2015-010569 

57. Fergusson D, Glass KC, Hutton B, Shapiro S. Randomized controlled trials of aprotinin 

in cardiac surgery: could clinical equipoise have stopped the bleeding? Clin Trials 



 16

[Internet]. 2005;2(3):218-29. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/16279145. DOI: 10.1191/1740774505cn085oa 

 

 



 17

Table 1. Characteristics of the studies included (ordered by DVT at inclusion and year of 
publication) 

 

DB: double-blind; NA: not available; SB: single-blind; VTE: venous thromboembolic event 
* advanced solid cancer, the proportion of locally-advanced and metastatic tumors is unavailable. 

 

 

 

Author, Year 
Study 

acronym 
NCT Design 

No. of 
patients 

Type of cancer 
Known 

metastases 
(%) 

VTE at inclusion (LMWHs compared to VKA)  

Meyer, 2002 (26) CANTHANOX - Open 146 Various 53 

Lee, 2003 (13) CLOT - Open 676 
Solid tumor or 
hematologic 
cancer 

67 

Deitcher, 2006 (29) ONCENOX - Open 102 Various 58 

Hull, 2006 (30) MAIN LITE 
NCT0068
9520 

Open 200 Solid tumor 41 

Lee, 2015 (17) CATCH 
NCT0113
0025 

Open 900 
Solid tumor or 
hematologic 
cancer 

55 

No VTE at inclusion (LMWHs compared to placebo or no treatment)  

Kakkar, 2004 (12) FAMOUS - DB 374 Solid tumor 86 

Altinbas, 2004 (27) SCLC - Open 84 
Small cell lung 
cancer 

43 

Klerk, 2005 (15) MALT - DB 302 Solid tumor 91 

Sideras, 2006 (28) - 
NCT0000
3674 

DB then 
open 

141 
Various solid 
tumor 

100* 

Agnelli, 2009 (31) PROTECHT 
NCT0095
1574 

DB 1166 Solid tumor NA 

Perry, 2010 (32) PRODIGE 
NCT0013
5876 

DB 186 Brain tumor NA 

van Doormaal, 2011 
(33) 

INPACT 
NCT0031
2013 

Open 503 Solid tumor NA 

Agnelli, 2012 (34) SAVE-ONCO 
NCT0069
4382 

DB 3212 Solid tumor 68 

Haas, 2012 (35) TOPIC 1 - DB 353 Breast cancer 100 

Haas, 2012 (35) TOPIC 2 - DB 547 Lung cancer 53 

Maraveyas, 2012 (36) FRAGEM 
NCT0046
2852 

Open 123 Pancreatic cancer 54 

Zwicker, 2013 (37) MICROTEC - Open 34 Solid tumor 79 

Lecumberri, 2013 (38) ABEL 
NCT0032
4558 

Open 38 
Small cell lung 
cancer 

NA 

Vadhan-Raj, 2013 (39) - 
NCT0096
6277 

Open 75 Pancreatic cancer NA 

Pelzer, 2015 (40) CONKO-004 
ISRCTN0
2140505 

Open 312 Pancreatic cancer 76 

Macbeth, 2016 (41) FRAGMATIC 
ISRCTN8
0812769 

Open 2202 Lung cancer 61 

Groen, 2016 (42) NVALT-8 NTR1250 Open 201 
Non-small cell 
lung cancer 

0 

Khorana, 2017 (43) PHACS 
NCT0087
6915 

Open 98 Various NA 

Ek, 2018 (44) RASTEN 
NCT0071
7938 

Open 377 
Small cell lung 
cancer 

NA 

Meyer, 2018 (18) TILT 
NCT0047
5098 

Open 549 
Non-small cell 
lung cancer 

0 

Taghizadeh Kermani, 
2019 (45) 

- 
NCT0325
4511 

SB 69 
Esophageal 
cancer 

0 
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Figure 1. Selection of the studies 
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Figure 2. Cumulative meta-analysis. 

 
CI, confidence interval; HR, hazard ratio. 
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Figure 3. Cumulative meta-analysis according to the priority of the overall survival endpoint 
in the study. 

 

OS, overall survival. 
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Figure 4. Cumulative meta-analysis according to the type of patients (patients with or without 
VTE). 
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Figure 5. Cumulative meta-analysis according to the dosing of LMWHs. 
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Appendix 1. META-EMBOL study group 
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Members: P. Albaladejo, Grenoble; L. Bertoletti, C. Chapelle, P. Garnier, C. Labruyère, 
N. Mottet, Saint-Etienne; Ph. Girard, E. Marret, F. Parent, N. Rosencher, Paris; J. C. Lega, P. 
Nony, Lyon; D. Wahl, Nancy. 
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Appendix 2. Selection of the studies of the post-hoc analysis 
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Appendix 3. Assessment of the risk of bias according to the Cochrane collaboration tool 
(ordered by VTE at inclusion and year of publication) 

 
VTE: venous thromboembolic event 
 
 
 
 
 
 
 
 
 
 
 



 26

Appendix 4. Funnel plot assessing the publication bias 
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Appendix 5. Cumulative meta-analysis according to the type of cancer. 
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Appendix 6. Cumulative posthoc meta-analysis including LMWHs versus vitamin K 
antagonists trials and LMWHs versus direct oral anticoagulants in cancer patients with VTE*. 

 
* data extracted from Mai et al. (Mai V, Tanguay VF, Guay CA, Bertoletti L, Magnan S, 

Turgeon AF, Lacasse Y, Lega JC, Provencher S. DOAC compared to LMWH in the 

treatment of cancer related-venous thromboembolism: a systematic review and meta-

analysis. J Thromb Thrombolysis. 2020; doi: 10.1007/s11239-020-02055-1) 




