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Summary

Background Study-level meta-analyses provide high-certainty evidence that heparin reduces the risk of symptomatic
venous thromboembolism for patients with cancer; however, whether the benefits and harms associated with heparin
differ by cancer type is unclear. This individual participant data meta-analysis of randomised controlled trials examines
the effect of heparin on survival, venous thromboembolism, and bleeding in patients with cancer in general and by type.

Methods In this systematic review and meta-analysis we searched MEDLINE, Embase, and The Cochrane Library for
randomised controlled trials comparing parenteral anticoagulants with placebo or standard care in ambulatory
patients with solid tumours and no indication for anticoagulation published from the inception of each database to
January 14, 2017, and updated it on May 14, 2020, without language restrictions. We calculated the effect of parenteral
anticoagulant administration on all-cause mortality, venous thromboembolism occurrence, and bleeding related
outcomes through multivariable hierarchical models with patient-level variables as fixed effects and a categorical trial
variable as a random effect, adjusting for age, cancer type, and metastatic status. Interaction terms were tested to
investigate effects in predefined subgroups. This study is registered with PROSPERO, CRD42013003526.

Findings We obtained individual participant data from 14 of 20 eligible randomised controlled trials (8278 [79%]
of 10431 participants; 4139 included in the low-molecular-weight heparin group and 4139 in the control group). Meta-
analysis showed an adjusted relative risk (RR) of mortality at 1 year of 0-99 (95% CI 0-93-1-06) and a hazard ratio of
1-01 (95% CI 0-96-1-07). The number of patients with venous thromboembolic events was 158 (4-0%) of 3958 with
available data in the low-molecular-weight heparin group compared with 279 (7-1%) of 3957 in the control group.
Major bleeding events occurred in 71 (1-7%) of 4139 patients in the control population and 88 (2-1%) in the low-
molecular-weight heparin group, and minor bleeding events in 478 (12-1%) of 3945 patients with available data in the
control group and 652 (16-6%) of 3937 patients in the low-molecular-weight heparin group. The adjusted RR was
0-58 (95% CI 0-47-0-71) for venous thromboembolism, 1-27 (0-92-1-74) for major bleeding, and 1-34 (1-19-1-51)
for minor bleeding. Prespecified subgroup analysis of venous thromboembolism occurrence by cancer type identified
the most certain benefit from heparin treatment in patients with lung cancer (RR 0-59 [95% CI 0-42-0-81]), which
dominated the overall reduction in venous thromboembolism. Certainty of the evidence for the outcomes ranged
from moderate to high.

Interpretation Low-molecular-weight heparin reduces risk of venous thromboembolism without increasing risk of
major bleeding compared with placebo or standard care in patients with solid tumours, but it does not improve survival.

Funding Canadian Institutes of Health Research.

Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction

The International Agency for Research on Cancer esti-
mated that more than 14 million new cancer cases were
diagnosed in 2012, and this number is expected to grow
to more than 17 million in 2020.' The risk of venous
thromboembolic complications is elevated in patients
with cancer.”” The annual risk of a venous thrombo-
embolic event in patients with solid cancer is 4-5%
overall, with wide variation between tumour types.*

Patients who have a venous thromboembolic event
commonly require hospitalisation or prolonged anti-
coagulant therapy. Venous thromboembolism in patients
with cancer is also associated with functional impair-
ments in day-to-day life, increased pain, and a substantial
increase in cost of care.’

Heparins are administered parenterally by intravenous
infusion or subcutaneous injections. Heparins have
been speculated to improve outcomes in patients with
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Research in context

Evidence before this study

We previously did a study-level systematic review and
meta-analysis suggesting that patients with cancer might have
an overall survival benefit from prophylactic heparin, in
addition to the reduction in venous thromboembolism. There
was uncertainty whether antithrombotic effect differs by
cancer subtype. This study is a systematic review and meta-
analysis of individual participant-level data. We searched
MEDLINE, Embase, and the Cochrane Library (including
Cochrane Central Register of Controlled Trials, ClinicalTrials,
Database of Abstracts of Reviews of Effects, and NHS Economic
Evaluation Database) databases with no language restrictions
for articles published from the inception of each database until
January 14, 2017, and updated it on May 14, 2020.

Added value of this study

To our knowledge, this is the first individual participant data
meta-analysis investigating the effects of heparin use on
important outcomes for patients with cancer. Our analysis
suggests that heparin does not improve survival and it
appears to have no direct clinical antitumour effect, as
suggested by its poor effect on mortality. However, reductions
in venous thromboembolic events for patients with breast,

cancer through an antitumour effect, in addition to their
antithrombotic effect” Mechanistically, this antitumour
activity might involve the inhibition of cell-cell inte-
raction (by blocking cell-adhesion molecules known as
selectins), extracellular matrix protease heparinase, and
angiogenesis.*

However, anticoagulants might increase the risk of
bleeding, and this risk is probably higher in patients
with cancer. Heparins are also known to cause heparin-
induced thrombocytopenia.” These observations led to
numerous trials evaluating the role of heparins in the
overall survival of patients with cancer and subsequent
systematic reviews and guideline panels that evaluated
the benefits and harms of prophylactic heparin in
patients with solid tumours.” Our previous study-
level meta-analyses suggested that heparins had a
survival benefit and a large reduction in venous
thromboembolic events.* However, study-level meta-
analyses have limitations, including not allowing in-
depth exploration of subgroup effects. Therefore, we
did an individual participant data meta-analysis to
examine whether survival is improved by the admini-
stration of prophylactic heparin, and whether there are
specific subgroups of cancer patients for whom the
benefit is more robust.

Methods

Search strategy and selection criteria

We did this systematic review and meta-analysis according
to Cochrane Collaboration standards,” and adhered to
the Preferred Reporting Items for Systematic Reviews
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lung, colon and prostate, pancreatic, and other types of cancer
were observed, without increasing the risk of major bleeding
or thrombocytopenia. The frequency of minor bleeding events
appeared to increase in the patients that received herapin.
When power permitted, subgroup analyses exploring
differential effects of low-molecular-weight heparin by cancer
type were done and did not identify any significant
associations with mortality or venous thromboembolic
events.

Implications of all the available evidence

Our findings are relevant for the development of guidelines for
the use of venous thromboembolism prophylaxis in patients
with cancer because they provide information on critical and
important benefits and harms to create trustworthy
recommendations. These data need to be seen in the context of
emerging data about direct oral anticoagulants. Future basic
and clinical research should examine the effects of
low-molecular-weight heparin by type, dose, schedule, and
quality of life outcomes and compare our findings with those
on new direct oral anticoagulants, which seem to have similar
effects on venous thromboembolic events but fewer data on
bleeding risk are available.

and Meta-Analyses of Individual Participant Data guide-
lines.” The study protocol has been published.”

We considered randomised controlled trials comparing
the parenteral anticoagulants unfractionated heparin, low-
molecular-weight heparin, and fondaparinux) with placebo
or standard care that recruited patients with solid cancers,
with no other indication for prophylactic anticoagulation
(eg, acute illness, hospitalisation, undergoing surgery,
central venous line placement, or perioperative status) or
therapeutic anticoagulation (eg, for the treatment of
deep vein thrombosis, pulmonary embolism, or atrial
fibrillation). We included studies in which patients
received concomitant chemotherapy or radiotherapy, as
long as these treatments did not affect randomisation to
receive heparin or not.

We searched MEDLINE, Embase, and the Cochrane
Library (including Cochrane Central Register of Controlled
Trials, Clinical Trials, Database of Abstracts of Reviews of
Effects, and NHS Economic Evaluation Database)
databases using the search strategies presented in the
appendix (pp 1-3) from their inception until January 14,
2017* An updated search was done on May 14, 2020;
studies published during this period were included in
sensitivity analysis, which compared study-level meta-
analysis to our individual participant data meta-analysis.
To identify additional studies, we also used the related
article feature in PubMed and references of identified
studies, narrative reviews, and conference proceedings of
the American Society of Clinical Oncology and the
American Society of Hematology were reviewed. We
applied no date or language restrictions to included trials.
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Two reviewers (LK, EAA, HJS, or authors of the earlier
Cochrane systematic review) independently assessed
titles and abstracts of all identified citations for eligibility.*
The reviewers screened full texts for eligibility using a
standardised pilot tested form with explicit inclusion and
exclusion criteria (appendix p 4).*” Decisions were
compared and agreement was measured using the Kappa
statistic.” Disagreements were resolved by consensus or
by discussion with a third reviewer (EAA or HJS).
Reasons for exclusion were recorded.

We contacted authors and sponsors of eligible trials by
email, fax, or telephone, to invite them to share their data.
When necessary, we placed data sharing requests through
clinicalstudydatarequest.com. In addition to the study
protocol and complete analysis plans, a detailed list of all
variables of interest was provided to contacted trialists to
maintain analytical transparency, avoid data driven
analysis, and encourage authors to share relevant trial
data.” The study protocol, case report forms, and corres-
ponding datasets with all patient identifiers removed were
requested. Requested baseline data included participants’
anonymised demographic information; cancer diagnosis;
concomitant therapies; history of venous thromboembolic
events and bleeding; and inflammatory markers, platelet,
and haemoglobin measurements. Requested follow-up
information included randomisation, treatment start
and stop, censoring, and outcome (mortality, venous
thromboembolic event, bleeding, thrombocytopenia, and
health-related quality of life) occurrence dates. We required
deep vein thrombosis events to be diagnosed with an
objective diagnostic test, such as venography or
compression ultrasound, and recorded in shared data,
regardless of their occurrence in lower or upper extre-
mities. Pulmonary embolism events had to be diagnosed
with an objective diagnostic test, such as pulmonary
perfusion or ventilation scans, CT pulmonary angiography,
or autopsy. We accepted trial authors’ definitions for
bleeding (appendix pp 5-6). We were unable to obtain
sufficient data describing health-related quality of life,
which we had planned in the study protocol.” All shared
data were stored on secure password-protected servers. To
ensure that the data provided corresponded to the reported
results, we cross-checked baseline data and recalculated
primary analyses. We contacted trial authors to resolve
discrepancies between shared data and published results.

Data analysis

Two reviewers (LAK, EAA, HJS, or authors of the earlier
Cochrane systematic review) assessed, in duplicate and
independently, the risk of bias according to Cochrane
methods.*”" Disagreements were resolved by discussion
between the two reviewers or with a third reviewer (EAA
or HJS). We used the following criteria to assess the risk
of bias: allocation concealment; masking of participants,
health-care providers, data collectors, outcome adjudi-
cators, and data analysts; completeness of available data;
and stopping early for benefit. We assessed selective

outcomes and other reporting bias by comparing
outcomes in published protocols and in the methods
section with the outcomes reported in the published
study. We assessed statistical heterogeneity by calculating
the x2 and I2. We recorded and reported the sponsorship
of included trials (whether sponsored by a for-profit or
not-for-profit organisation or government agency) and
assessed financial and intellectual conflicts of interest.
We generated inverted funnel plots for each comparison
to detect possible publication bias.

Evidence profiles were created to summarise the inter-
vention effects, following the Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE)** approach—using GRADEpro—to provide
support for decision makers. To do the GRADE assess-
ment, we assessed publication bias and heterogeneity
using study-level identifiers. We did this assessment for
the relative estimates of effect and baseline risk estimates
in various patient subgroups.

Two authors (MV, TB, LM, IDF, OGA, QZ, LAK, or
EAA) independently extracted individual participant data
and aggregate level data in duplicate using standardised
prepiloted data extraction forms (appendix pp 7-9). We
standardised variable names and value labels across
trials. Data were initially entered into an Excel database
and statistical analysis was done with SAS (version 9.4).
Finally, we synthesised datasets and assigned a coded
trial variable for each participant. The percentage of
missing data was calculated for each analysed variable;
Little’s method was used to assess the missing completely
at random assumption in the variables with at least 5% of
missing data. If the missing completely at random
assumption was violated, we examined the missing at
random pattern by comparing the outcome in the
variable with and without missing values.

The primary outcome of interest was all-cause
mortality—prespecified at 12 months, 24 months, and
over the duration of the trial—and other critical and
important outcomes, including overall and symptomatic
venous thromboembolism (deep vein thrombosis and
pulmonary embolism). The secondary outcomes included
major and minor bleeding, thrombocytopenia, and
health-related quality of life.” All analyses followed the
intention-to-treat principle. We summarised categorical
data using frequencies and percentages and continuous
data with mean (SD) or median (IQR) depending on the
distribution. For dichotomous outcomes, we expressed
the intervention effects in relative risk (RR).

A one-stage approach was used to analyse data. In
the regression analyses, we used multilevel models”*
to incorporate data at trial level and patient level. We
included four adjustment variables (age, time to cancer
diagnosis before baseline, cancer type, and stage of
cancer) as fixed effects and trial as a random effect.

The regression modelling was based on the joint
distribution of the treatment effect and trial with a bivariate
normal distribution (ie, by use of the model’ from Turner

www.thelancet.com/haematology Vol 7 October 2020

Downloaded for Anonymous User (n/a) at American University of Beirut from ClinicalKey.com by Elsevier on June 03,
2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.


http://gradepro.org

Articles

and colleagues?®). Because Poisson regression accounts for
different observations at different lengths of follow-up, we
used the mixed robust Poisson regression model to
estimate the adjusted RR. We also did a multilevel Cox
regression analysis with frailty random effects for trials
and used the hazard ratio (HR) to express the intervention
effect for the time to mortality analysis. To account for
death as a risk competing with the development of venous
thromboembolic event, a competing risk model based
cumulative incidence curve was plotted for time to venous
thromboembolic event.*”

To reduce bias and increase precision, we applied
multiple imputation for all the regression analyses
depicted above. We did each regression analysis five
times using five datasets, with the missing data imputed
on the basis of both baseline and outcome data; we
calculated pooled estimates along with the 95% Cls and
p values for each analysis.® We also calculated the
anticipated absolute effects on the basis of the adjusted
RR, and three assumed baseline risks, in terms of the
median or mean difference in overall survival.

In addition, we did two prespecified sensitivity analyses
to investigate differences in summary effect estimates
related to our methods. First, we compared results from
the main individual participant data meta-analysis with
the results of study-level meta-analysis using the studies
we received the original datasets for. Second, we evaluated
whether higher risk of bias in the original study
compared with lower risk of bias might be associated
with a greater effect.

We also explored the heterogeneity in the summary
effect estimates related to different patient subgroups. We
tested the subgroup effect on an interaction term with the
treatment in the mixed-effect Poisson regression model
with the five adjustment variables including trial as
random effect, listed as above. This approach is preferred
to separate subgroup group-specific analyses.”* The
subgroup factors considered were: type of cancer, stage of
cancer (local compared with metastatic), concomitant
treatment (chemotherapy compared to no chemotherapy),
Eastern Cooperative Oncology Group and WHO per-
formance status,” and heparin type. We compared
heparins registered for use by the US Food and Drug
administration and European Medicines Agency with
those not registered (semuloparin, certoparin).

As described in our study protocol,” we initially
planned to examine differences in low-molecular-weight
heparin dose and schedule, but because of the high
variability between studies, we were unable to do these
subgroup analyses. This study is registered with
PROSPERO, CRD42013003526.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. Study authors with access to shared clinical
trial data included HJS, MV, and QZ. The corresponding
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| 8388 studies identified |

—bl 1441 duplicates removed |

| 6947 abstracts screened |

—b| 6761 studies excluded after screening |

y
| 186 full text screened |

130 studies excluded
67 not population of interest
20 not intervention of interest
7 not comparison of interest
33 not design of interest
3 no outcomes of interest

y

56 publications included individual participant
data

> 37 studies that reported on the same RCT
excluded*

A 4

20 RCTs eligible for individual participant data
meta-analysis

6 excluded
4 because of timeline restrictions
1did not share patient data
1 unable to transfer data

14 RCTs assessed

Figure 1: Study profile
RCT=randomised controlled trial. *One publication reported 2 RCTs.

author had full access to all the data and the final
responsibility to submit for publication.

Results

We identified 8388 studies, of which 20 (<1%) were
randomised controlled trials (with 10431 participants)
that fulfilled the eligibility criteria. Individual participant
data were obtained from 14 trials representing
8278 participants (figure 1).** Of the six randomised
controlled trials not included in our analysis, the data
from the trial by Kakkar and colleagues® (374 [3-7%)]
participants) were no longer stored electronically and the
study authors could not convert data to a shareable
electronic format; the request for data from the trial by
Agnelli and colleagues® (1150 [11-0%] participants) was
denied because of ongoing analysis which discouraged
sponsors from sharing individual participant data; and
data from four trials (629 [6-0%)] participants)”* could
not be obtained in a timely fashion. The characteristics of
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Primary cancer diagnosis

self-care or completely
disabled

LMWH group Control group
(n=4139) (n=4139)
Age 62 (55-69) 62 (55-69)
Sex
Men 2532/4139 (612%)  2529/4139 (61-1%)
Women 1607/4139 (38-8%)  1610/4139 (38-9%)
BMI (kg/m?) 2543 (4-93)* 25:42 (5-20)t
Race
White 1859/2475 (75-1%)  1860/2470 (753%)
Black 248/2475 (10-0%)  272/2470 (11-0%)
Oriental 281/2475 (11-4%) 279/2470 (11-3%)
Other 8712475 (3-5%) 59/2470 (2:4%)

Breast 213/4114 (5:2%) 206/4114 (5-0%)

Colon or prostate 618/4114 (15:0%)  629/4114 (15:3%)

Lung cancer 2290/4114 (55:7%)  2283/4114 (55-5%)

Pancreatic cancer 406/4114 (9-9%) 417/4114 (10-1%)

Other 587/4114 (14-3%)  576/4111 (14-0%)
Days since cancer diagnosis 34 (19-173)% 33 (18-173)§
Metastases at baseline 2745/4088 (67-1%)  2772/4064 (68-2%)
LMWH typeq

No medication (standard 0 2312/4139 (55-9%)

care)

Placebo 0 1827/4139 (44-1%)

Nadroparin 402/4139 (9-7%) 0

Dalteparin 1369/4139 (33-1%) 0

Certoparin 442/4139 (10-7%) 0

Calciparin 138/4139 (3:3%) 0

Bemiparin 20/4139 (0-5%) 0

Enoxaparin 160/4139 (3:9%) 0

Semuloparin 1608/4139 (38-8%) 0
Chemotherapy 3491/3960 (88-2%) 3497/3968 (88-1%)
ECOG or WHO performance status

Normal 1349/3962 (34-0%)  1372/3958 (347%)

Restricted in strenuous 2064/3962 (52-1%) 2043/3958 (51-6%)

activity

Unable to carry out any 497/3962 (12-5%) 482/3958 (12:2%)

work activities but can

self-care

Capable of only limited 52/3962 (1-3%) 61/3958 (1-5%)

Data are mean (SD), n/N (%), or median (IQR). BMI=body-mass index.
ECOG=Eastern Cooperative Oncology Group. LMWH=low-molecular-weight
heparin. *n=3625. tn=3612. $n=3659. Sn=3664. §Duration of heparin treatment
ranged from 5 weeks to 2 years.

Table 1: Baseline characteristics

the studies are summarised in the appendix (pp 10-15).
Our updated search identified one additional eligible
study that included 377 participants; the data from this
study were not included in the individual participant data
meta-analysis, but were included in a study-level meta-
analysis.”

We observed the following differences between clinical
trial datasets and published results. In the trials by

Weber and colleagues* and Lebeau and colleagues,* the
shared individual participant data appeared to have been
updated beyond the date of the original publication, and
included an increased number of deaths. The trial by
Lecumberri and colleagues” reported that seven par-
ticipants in the control group survived for 1year, whereas
the corresponding value in the shared participant
data was ten participants, and the original analysis code
to address the discrepancy could not be located.
For TOPIC-1,* individual participant data indicated
that three symptomatic pulmonary embolism events
occurred, but the publication indicated that only two
events occurred, and the corresponding author no longer
had access to the shared study data to clarify the issue. In
the data from Altinbas and colleagues® the shared data
did not specify which participant had the reported deep
vein thrombosis, and we were unable to clarify this.

Included trials were published between Feb 28, 1994,
and Feb 10, 2016, and recruited participants from more
than 50 countries (appendix pp 5-6). In total,
8278 (5061 [61-1%] men) participants were included in the
analysis, all of whom were adults (the youngest included
patients were 18 years old); pooled baseline characteristics
were similar between control and heparin treated
populations (table 1). The most common types of cancer
were those of the lung, followed by colon and prostate,
pancreas, and breast. Participants allocated to treatment
groups received semuloparin, certoparin, nadroparin,
enoxaparin, calciparin, or bemiparin subcutaneously for a
range of 5 weeks to approximately 2 years. Compliance,
measured through daily charting and by examining the
number of empty syringes returned at follow-up, exceeded
90% in every study that provided relevant individual
participant data (appendix p 16).**¥## 5517 (67-7%) of
8152 participants with available data presented with
metastatic cancer at baseline, and 6988 (88-1%) of
7928 participants received chemotherapy. Trials generally
excluded participants with a Karnofsky performance score
less than 60, Eastern Cooperative Oncology Group or
WHO performance status of 3 or higher, life expectancy of
less than 3 months, other indication for thrombopro-
phylaxis, and a history of bleeding. For participants with
available data, the median duration of intervention was
123 days (IQR 67-179), and the median follow-up for all
participations was 280 days (156—383). Authors’ judgments
of each risk of bias item for the included studies are
summarised in the appendix (p 17).

2690 (65-0%) of 4139 participants in the low-molecular-
weight heparin population and 2749 (66-4%) of 4139 in the
control population died during the studies. The adjusted
RR of mortality was 0-98 (95% CI 0-93-1-04) throughout
trial duration, 0-99 (0-93-1-06) within 1 year, and
1-00 (0-95-1-06) after 2 years (table 2). The median time to
death was 7-83 months (IQR 4-31-12-40) in the low-
molecular-weight heparin population and 7-60 months
(4-01-12-30) in the control population. Table 3 shows the
absolute effects that we estimated on the basis of baseline
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risks for mortality, venous thromboembolic event re-
duction, symptomatic or asymptomatic venous thrombo-
embolic event, symptomatic venous thromboembolic
event, symptomatic deep vein thrombosis, symptomatic
pulmonary embolism, major and minor bleeding, and
thrombocytopenia. The anticipated absolute difference for
mortality is 0-6% fewer deaths (95% CI: 4-1% fewer to
3-5 more) within 1 year in those taking low-molecular-
weight heparin (table 3). The HR for time to death,
adjusted for age, cancer type, stage of cancer, and study
(by random effect), was 1-01 (95% CI 0-96-1-07;
appendix p 18). No significant interaction effects on
mortality between low-molecular weight heparin and stage
or type of cancer, performance status, concomitant
treatment, or low-molecular weight heparin type were
identified (appendix pp 19-22).

Of the 7915 participants with available data, the total
number of patients with incidental or symptomatic venous
thromboembolic events was 158 (4-0%) of 3958 in the
low-molecular-weight heparin population compared with
279 (7-1%) of 3957 (two participants had missing data) in
the control population, adjusted RR 0-58 (95% CI
0-47-0-71; table 2). The anticipated absolute difference for
incidental or symptomatic venous thromboembolic events
is 3-0% fewer events (95% CI: 3-7% fewer to 2-0% fewer)
in those taking low-molecular-weight heparin (table 3).
The unadjusted HR for time to venous thromboembolic
event is 0-60 (95% CI 0-48-0-74). Symptomatic venous
thromboembolic events occurred in 114 (3-0%) of
3742 participants in the low-molecular-weight heparin
population and 220 (5-9%) of 3732 participants in the
control group, adjusted RR 0-58 (0-48-0-70; table 2;
figure 2). The anticipated absolute difference is 2-5%
fewer (95% CI 3-1% fewer to 1-8% fewer) in those taking
low-molecular-weight heparin (table 3). Subgroup analysis
did not detect any significant interaction for venous
thromboembolism between low-molecular-weight heparin
and stage or type of cancer, performance status, con-
comitant treatment, or low-molecular-weight heparin type.
However, subgroup analysis of venous thromboembolism
occurrence by cancer type identified a benefit from heparin
treatment in patients with lung cancer (RR 0-41 [95% CI
0-25-0-68] for symptomatic deep venous thrombosis;
RR 0-59 [95% CI 0-43-0-81] for symptomatic venous
thromboembolism; and RR 0-59 [95% CI 0-42-0-81] for
symptomatic or incidental venous thromboembolism;
appendix pp 23-25).

Major Dbleeding events occurred in 71 (1.7%) of
4139 participants in the control population and 88 (2-1%)
of 4139 participants in the low-molecular-weight heparin
population, with an adjusted RR of 1-27 (95% CI 0-92-1-74)
for a risk difference of 0-5% more in patients receiving
low-molecular-weight heparin (95% CI: 0-1% fewer to
1-3% more; table 3). Minor bleeding events occurred in
478 (12-1%) of 3945 participants in the control population
and 652 (16-6%) of 3937 participants in the low-molecular-
weight heparin population, with adjusted RR of 1.34
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(n=6898)

Mortality at 2 years 2514 (89-4%)/2811 2560 (89-4%)/2865 1.00 (0-98-1.02)
(n=5676)

Mortality duringthe 2690 (65:0%)/4139 2749 (66-4%)/4139  0-98 (0-95-1.01)
study (n=8278)

Any VTETF (n=7915) 158 (4-0%)/3958 279 (7-1%)/3957  0-57 (0-47-0-68)

Symptomatic VTE: 114 (3:0%)/3742  220(5:9%)/3732  0-52 (0-41-0-64)
(n=7474)
Symptomatic DVT# 69 (1-8%)/3743  130(3-5%)/3733  0-53(0-40-0.71)
(n=7476)
Symptomatic PE# 54 (1-4%)/3741 99 (27%)/3731  0-54 (0-39-0-76)
(n=7472)
Major bleeding 88 (2:1%)/4137 71(17%)/4137 124 (0-91-1-69)
(n=8274)
Minor bleeding§ 652 (16:6%)/3937 478 (12:1%)/3945  1:37 (1.23-1-52)
(n=7882)

Thrombocytopeniadl 244 (8-7%)/2818 251(8:9%)/2823  0-97 (0-82-1-15)
(n=5614)

colleagues,* and Pelzer and colleagues.*

LMWH (n=4139) Control (n=4139) Unadjusted RR  Adjusted RR
(95% Cl) (95% CI)*
Mortality at 1 year 1971 (57-5%)/3427 2021 (58-2%)/3471  0-99 (0-95-1-03) 0-99 (0-93-1-06)

1.00 (0-95-1-06)

0-98 (0-93-1.04)

0-58 (0-47-0-71)
0-58 (0-48-0-70)

058 (0-44-0-76)

059 (0-44-078)

1.27 (0-92-1.74)

134 (1-19-1.51)

0-95 (0-80-1-14)

Data are n (%), unless otherwise specified. Not all participants had complete data, statistics are provided for the
number of participants in each study group for each outcome. DVT=deep vein thrombosis. LMWH=low-molecular-
weight heparin. PE=pulmonary embolism. RR=relative risk. VTE=venous thromboembolism. *Adjusted for age, cancer
type, stage of cancer, and study (by random effect). tData describing any type of VTE were not available from Altinbas
and colleagues* and Lebeau and colleagues.”” Data describing symptomatic VTE, symptomatic DVT, or symptomatic
PE were not available from Altinbas and colleagues,* Klerk and colleagues,* Lebeau and colleagues,”’and Sideras and
colleagues.® SData describing minor bleeding were not available from Altinbas and colleagues* and Pelzer and
colleagues.* q[Data describing thrombocytopenia were not available from Macheth and colleagues,* Maraveyas and

Table 2: Unadjusted and adjusted relative risk of all outcomes

(1-19-1-51) and risk difference of 4-1% more (95% CI:
2-3% more to 6-2% more; table 3). The total incidence of
thrombocytopenia was 251 (8-9%) of 2823 participants in
the control population and 244 (8-7%) of 2818 in the low-
molecular-weight heparin population, with an adjusted RR
of 0-95 (0-80-1-14; table 2) and risk difference of 0-4%
fewer (1-8% fewer to 1-2% more; table 3). There were no
significant interaction effects between low-molecular-
weight heparin and stage or type of cancer, performance
status, concomitant treatment, or low-molecular-weight
heparin type for major bleeding, minor bleeding, or
thrombocytopenia. (appendix pp 26-28).

A study-level meta-analysis, including the same studies
that were used for the individual participant data meta-
analysis, comparing low-molecular-weight heparin with
no low-molecular-weight heparin for each outcome is
reported in the appendix (pp 29-37). A funnel plot
for the primary outcome of mortality at 12 months
indicates no publication bias (appendix p 38). Results
resemble analysis using individual participant data with
no differing conclusions. Additional study-level meta-
analysis including all studies eligible for inclusion in the
analysis of the primary outcome, all-cause mortality at
1 year, had similar results to the individual participant
data meta-analysis (appendix p 39). No statistically
significant associations were identified in sensitivity
analysis comparing studies that masked or did not mask
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Risk ratio (95% Cl)  Anticipated absolute effects (95% Cl) GRADE certainty in the
evidence
Risk with Risk with LMWH Difference
standard care*  (95% Cl)
Mortality within 1 year (6898 participants; 14 RCTs) 0-99 (0:93-1-06) 582% 57-2% (54-1-61-7) 0-6% fewer (4-1% fewer to 3-5% more) ~ Moderatef
Mortality throughout study (8278 participants; 14 RCTs)  0-98 (0-93-1-04) 66-4% 65-1% (61-8-69-1) 1-3% fewer (4-6% fewerto 2.7% more) ~ Moderatet
Symptomatic or incidental VTE (7915 participants; 12 RCTs)
Study population 0-58 (0-47-0-71) 71% 4-1% (3-3-5:0) 3-0% fewer (3-7% fewer to 2-0% fewer) ~ Moderates
Low Khorana score® 0-58 (0-47-0-71) 6-4% 3:7% (3:0-4-5) 2-7% fewer (3-4% fewer to 1-9% fewer) ~ Moderate
High Khorana score* 0-58 (0-47-0-71) 9-9% 5-7% (4-7-7-0) 4-2% fewer (5-2% fewer to 2:9% fewer)  Moderate
Symptomatic VTE (7486 participants; 11 RCTs) 0-58 (0-48-0-70) 5:9% 3-4% (2-8-4-1) 2.5% fewer (3:1% fewer to 1.-8% fewer) ~ High
Symptomatic DVT (7486 participants; 11 RCTs) 0-58 (0-47-0-71) 3:5% 2:0% (1-5-2-6) 1.5% fewer (1-9% fewer to 0-8% fewer)  High
Symptomatic PE (7485 participants; 11 RCTs) 0-59 (0-44-0-78) 2:7% 1-6% (1-2-2-1) 1-1% fewer (1.5% fewer to 0-6% fewer)  High
Major bleeding (8254 participants; 14 RCTs) 1.27 (0-92-1.74) 17% 2-2% (1-6-3-0) 0-5% more (0-1% fewer to 1.3% more) Moderatet
Minor bleeding (7882 participants; 12 RCTs) 134 (1-19-1-51) 12:1% 16-2% (14-4-18-3)  4-1% more (2-3% more to 6-:2% more) High
Thrombocytopenia (5641 participants; 11 RCTs) 0-95 (0-80-1-14) 8:9% 8:4% (7-1-10-1) 0-4% fewer (1-8% fewer to 1-2% more) ~ Moderatet

The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl). High certainty in the evidence shows high
confidence that the true effect lies close to that of the estimate of the effect. Moderate certainty suggests the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different. Low certainty suggests that the true effect may be substantially different from the estimate of the effect. Very low certainty suggests that the true effect is likely to be substantially different
from the estimate of effect. DVT=deep vein thrombosis. LMWH=low-molecular-weight heparin. PE=pulmonary embolism. RCT=randomised controlled trial. VTE=venous thromboembolism. *This risk represents
the mean risk in the control group of the trials. Per GRADE guidance it does not include a 95% Cl because it represents a representative control group risk that is then used to calculate the risk in the LMWH group
and the risk difference with 95% Cl based on the risk ratio and its 95% Cl. tRated down because of imprecision; the boundaries of the Cls suggest that there could be patient relevant benefit or harm. $Rated down
because of outcome indirectness; asymptomatic VTE might have less relevance to patients and the absolute effects of limited patient-importance.

Table 3: LMWH compared with placebo or standard care for survival and thromboprophylaxis in patients with solid cancer

Cumulative incidence (%)

100
y7

30
20

10

—— No LMWH group
—— LMWH group

No LMWH vs LMWH HR 1-81 (95% Cl 1-49-2-20)
LMWH vs no LMWH HR 0-55 (95% Cl 0-45-0-67)

200

T T T
400 600 800

Time to venous thromboembolism (days)

1
1000

Figure 2: Time to any asymptomatic or symptomatic venous thromboembolic event
Cumulative incidence functions for venous thromboembolism in patients with cancer receiving LMWH and
no LMWH. HR=hazard ratio. LMWH=low-molecular-weight heparin.
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participants or when comparing the effects of approved
with unapproved medications (appendix p 19).

We rated down the certainty of evidence for mortality at
1 year, any venous thromboembolic event, symptomatic
deep vein thrombosis major bleeding, and thrombo-
cytopenia for imprecision because Cls included non-
clinically significant values (table 3). We also rated down
the certainty of evidence for any symptomatic or asympt-
omatic venous thromboembolic event for indirectness
because asymptomatic venous thromboembolism is con-
sidered a surrogate outcome. Other outcomes had high
certainty of evidence associated with them (table 3).

Discussion

To our knowledge, this is the first individual patient
data meta-analysis addressing the effects of heparin on
outcomes in individuals with cancer. Our analysis

suggests that heparin does not prolong survival and it
appears to have no direct clinical antitumour effect, as
suggested by no effect on mortality. However, heparin
appears to be associated with venous thromboembolic
event risk reductions for patients with solid cancer,
without increasing the risk of major bleeding or thrombo-
cytopenia. When power permitted, subgroup analyses
exploring differential effects by cancer type did not
identify any significant associations between low-
molecular-weight heparin and mortality or venous
thromboembolic event outcomes.

The primary strength of this study is the consolidation
of high-quality participant-level data from 14 randomised
clinical trials and their combination through rigorous
and standardised analysis. This meta-analysis included a
heterogeneous population in terms of types of cancer;
however, with slightly more than half of the patients
having lung cancer, only four specific types of cancer
had sufficient representation to support specific
subgroup analysis. Because of the numerous per-
mutations in the type, dose, and schedule of low-
molecular-weight heparin treatment, we were unable to
complete all preplanned subgroup analyses described in
the protocol.” Additionally, the trial data did not include
sufficient data describing health-related quality of life.”
Although we could not obtain data from six trials, the
individual participant data (2153 participants) from these
studies represent only 20-6% of participants in all
potentially eligible studies; thus, their inclusion would
have been unlikely to alter the results. In addition, study-
level results from these studies do not differ from those
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of the individual participant meta-analysis. Our findings
are also similar to results of the TILT trial,” a phase 3 trial
that was not included in our analysis because it included
surgical patients. Of note, a large proportion of patients
received semuloparin and certoparin, but both drugs are
not approved by regulators. Although the subgroup
effects did not differ importantly for efficacy endpoints
for different drugs or from the study-level meta-analysis,
it raises concerns about applicability of the findings
(appendix p 19).

Our findings suggest that certain high-risk groups of
patients with cancer might benefit from use of low-
molecular-weight heparin to prevent venous thrombo-
embolic events, but that there is no effect on mortality.
Studies that included participants who were not stratified
by their venous thromboembolic event risk and the
venous thromboembolic event rates in the control groups
varied widely between studies. Thus, there was consi-
derable variation in the risk of venous thromboembolism,
which is important for weighing possible benefits and
harms. However, we have described elsewhere that risk
prediction using scores, such as the Khorana score,
might not be able to stratify patients with lung cancer on
the basis of their risk of venous thromboembolism.* Yet,
in patients with other cancer types a high-risk score is
associated with a three times increased risk of venous
thromboembolism compared with a low-to-intermediate
risk score,” and for these patients it might be useful to
use venous thromboembolism prophylaxis. Our analysis
did not detect a significant increase in the risk of major
bleeding with high certainty; however, this study might
not have been powered to do so. Minor bleeding is
increased in patients receiving low-molecular-weight
heparin. This finding suggests that the absolute benefits
and harms should be balanced—namely, a moderate to
high certainty of a 3-4% reduction in venous throm-
boembolic events, a high certainty of a 4% increase in
minor bleeding, and moderate certainty of a 0-4%
increase in major bleeding. This is considered in
guidelines, in particular those by the American Society of
Hematology,” which use these data in its upcoming
guidelines. Our study level meta-analyses have also been
used in guidelines of the American Society of Clinical
Oncology and the International Society on Thrombosis
and Haemostasis.”** These guidelines should be referred
to for clinical decisions because they use detailed criteria
that should be considered when translating the evidence
provided here to recommendations. Depending on the
values a patient assigns to the different outcomes,
patients might opt for or against prophylaxis. These data
also need to be seen in the context of new data emerging
about new direct oral anticoagulants.

Additional research examining the effects of low-
molecular-weight heparin by type, dose, and schedule are
required and should include quality of life outcomes.
Other basic and clinical research should focus on a
comparison with new direct oral anticoagulants. The living
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systematic review through which we included the eligible
studies will allow us to identify when new eligible studies
are published and might affect the findings of this analysis.
Future updates of this individual participant data should
also be put into context with the randomised controlled
trials that evaluate direct oral anticoagulants.®” In terms of
results reported for direct oral anticoagulants, Khorana
and colleagues™ reported an HR of 0-66 (95% CI
0-40-1-09; p=0-10) for the primary efficacy endpoint
(a composite of objectively confirmed proximal deep vein
thrombosis in a lower limb, pulmonary embolism,
symptomatic deep vein thrombosis in an upper limb or
distal deep-vein thrombosis in a lower limb, and death
from a venous thromboembolic event) in patients with
cancer receiving ambulatory care treated with rivaroxaban
compared with placebo after 180 days. Carrier and
colleagues”reported an HR for venous thromboembolism
0f'0-41 (0-26-0-65; p<0-001) in patients with active cancer
treated with apixaban compared with placebo after
180 days. These effects are similar to those reported for
low-molecular-weight heparin. In total, the CASSINI*® and
AVERT" trials reported 21 major bleeding events; thus,
they do not allow conclusions to be drawn about the risk of
bleeding with the same precision as our data, which
showed 159 events. Balancing the advantages and dis-
advantages of these approaches of anticoagulation will be
influenced by considerations about bleeding and other
decision criteria that guideline panels consider.*®

Our analysis of the use of heparin in patients with cancer
did not identify significant differences in survival time at
1year, 2 years, or throughout trial duration compared with
patients who received placebo. This study supports
previous findings that low-molecular-weight heparin
decreases the risk of venous thromboembolic events by
almost half, without substantially increasing the risk of
bleeding or thrombocytopenia. For some outcomes
(eg, major bleeding), imprecision suggests that more data
could help to better balance the potential health benefits
and harms. In terms of the clinical implications of our
findings, our individual patient data meta-analysis results
have been used in the soon to be published American
Society of Hematology Clinical Practice Guidelines on
Venous Thromboembolism® and they might inform other
guideline development groups.
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