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Background: Venous thromboembolism (VTE) is a common cause of morbidity and mortality among patients
with cancer. As such, we conducted a meta-analysis of randomized controlled trials (RCTs) that evaluated an-
ticoagulants as primary prophylaxis against VTE in cancer patients.

Methods: Pubmed/MEDLINE, Embase, and the Cochrane Library were screened for all RCTs that used antic-
oagulation therapy in cancer patients for primary prevention of VTE. The primary outcomes were VTE events.
Secondary outcomes included all-cause mortality, VTE-related mortality and major bleeding. A random effects
model was used to report the risk ratios (RR) with 95% confidence intervals (CIs), and odds ratios (ORs) with
Bayesian 95% credible intervals for both direct and network meta-analyses, respectively.

Results: Twenty-four RCTs were included totaling 13,338 patients (7197 received anticoagulation and 6141
received placebo). The mean age ranged between 54.6 and 68.1 years, with 50.5% male. Compared with pla-
cebo, low-molecular-weight heparin (LMWH) or direct Xa inhibitors were associated with lower VTE events (RR
0.58; 95%CI 0.48-0.69, P < 0.001) and (RR 0.39; 95%CI 0.24-0.63, p < 0.001), respectively. LMWH was
associated with decreased VTE and all-cause mortality when compared with placebo (P < 0.05). Regarding
safety outcomes, LMWH and direct Xa inhibitors were not associated with increased risks of major bleeding
(P > 0.05) when compared with placebo. Results regarding VTE events and major bleeding were consistent in
both lung and pancreatic cancers.

Conclusions: Both LMWH and direct Xa inhibitors were associated with a lower VTE events compared with
placebo. However, this potentially protective effect must be balanced against the possible increased risk of
bleeding for some patients.

1. Introduction are receiving chemotherapy. VTE among these patients carries a high

morbidity and mortality, thus means to decrease VTE events can be

Over the past several decades, the life-expectancy for patients di-
agnosed with cancer has improved dramatically, largely due to ad-
vanced chemotherapy and radiation treatments [1,2]. Patients with an
active cancer, especially lung, pancreatic, or hematological malig-
nancies, are deemed to be in a hypercoagulable state and have a high
incidence of venous thromboembolism (VTE), particularly, those who

greatly beneficial [3-6]. Thus, treating patients with malignancy via
anticoagulation may be beneficial after weighing the risk of bleeding
associated with anticoagulation therapy [7].

While it is recommended that hospitalized patients with cancer
should receive VTE prophylaxis, routine use of thromboprophylaxis in
ambulatory patients with cancer is still controversial [8]. Various

* Corresponding author at: Department of Internal Medicine, Hurley Medical Center, Michigan State University, One Hurley Plaza, Flint, MI 48503, USA.

E-mail address: MBarbarl@hurleymc.com (M. Barbarawi).

https://doi.org/10.1016/j.thromres.2019.07.007

Received 2 April 2019; Received in revised form 7 July 2019; Accepted 12 July 2019

Available online 16 July 2019
0049-3848/ © 2019 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/00493848
https://www.elsevier.com/locate/thromres
https://doi.org/10.1016/j.thromres.2019.07.007
https://doi.org/10.1016/j.thromres.2019.07.007
mailto:MBarbar1@hurleymc.com
https://doi.org/10.1016/j.thromres.2019.07.007
http://crossmark.crossref.org/dialog/?doi=10.1016/j.thromres.2019.07.007&domain=pdf

M. Barbarawi, et al.

scoring systems have been created and utilized to individually identify
patients at high risk for VTE [9,10]. For example, the Khorana score has
been used in various randomized controlled trials (RCTs) and has
proven helpful as patients who have a score of =2 are deemed high risk
of VTE during the first 6 months of initiating chemotherapy [10,11].
Many RCTs studying parental thromboprophylaxis, such as low mole-
cular weight heparin (LMWH), for ambulatory patients with cancer
have been conducted and have shown a modest absolute rate reduction
of VTE—this was, however, associated with increased risk of bleeding
[12]. This has precluded the current guideline from recommending its
use in clinical practice except in patients with multiple myeloma re-
ceiving dexamethasone or anti-angiogenic drugs, as they are at very
high risk of VTE [8]. Recently, there has been a growing interest in the
use of direct oral anticoagulants (DOACs) as a means of preventing VTE
in patients with malignancy, due to their convenience and ease of ad-
ministration [11,13]. Thus, we performed a meta-analysis aiming to
combine all of the available RCTs regarding VTE prophylaxis in am-
bulatory cancer patients in order to assess the safety and efficacy of
anticoagulation in these patients.

2. Methods
2.1. Literature search

The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement guidelines were followed to conduct this
meta-analysis [14]. The meta-analysis was registered with the Inter-
national prospective register of systematic reviews (PROSPERO ID:
CRD42019120799). The following databases: Pubmed/MEDLINE, Co-
chrane Library, and Embase were screened for related trials by two
authors (B.K. and Y.Z.) with the input of principle investigator (M.B.)
from inception to December 16, 2018. The following keywords MeSH
terms: “Cancer”; “ pulmonary
embolism”; “venous thromboembolism”; “Prophylaxis”; “prevention”;
and “Primary.” There were no language restrictions. The references of
the included trials and published meta-analyses and systematic reviews
were also assessed for further potential trials to include.

",

malignancy”; “deep vein thrombosis”;

2.2. Eligibility criteria

Only RCTs that evaluated anticoagulant use as primary prevention
of VTE in ambulatory cancer patients with the outcomes of interest
qualified to be included in this analysis. Studies that included hospi-
talized cancer patients, patients diagnosed with VTE at the time of
randomization, and those that did not account for the outcomes of in-
terest were excluded.

2.3. Data extraction

Two investigators (I.G.) and (A.B.) extracted relevant data in-
dependently into a predesigned data collection table. Any discrepancies
between investigators were resolved by an independent investigator
(0.B.).

2.4. Quality assessment

To conduct quality assessment and to assess the risk of bias in the
included RCTs, The Cochrane Collaboration's tool was used for random
sequence generation, allocation concealment, blinding of participants
and health-care personnel, blinded outcome assessment, completeness
of outcome data, evidence of selective reporting, or other biases (eFig. 1
in Supplement 1).

2.5. Outcomes of interest

The primary outcome was the incidence of VTE. Secondary
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outcomes included incidence of deep vein thrombosis (DVT), pul-
monary embolism (PE), all-cause mortality, VTE-related mortality, and
major bleeding events. The longest available follow-up was used for
each trial in this analysis.

2.6. Statistical analysis

Risk ratios (RRs) and 95% confidence intervals (CIs) on the bases of
the Mantel-Haenszel random-effects model were used to present the
results. The I statistic was used to assess for heterogeneity. Publication
bias of the primary outcome was evaluated by assessing the funnel plot.
Sensitivity analysis of the primary outcome was conducted by sequen-
tial removal of each of the involved trials. Sensitivity analyses of the
primary outcome were conducted for patients with lung cancer and
pancreatic cancer. For the network analysis, random effects for the
consistency model were reported as odds ratios (ORs) and Bayesian
95% credible intervals (CIs) using the Markov Chain Monte Carlo
(MCMCQ) simulation; this was performed with little informative prior
distributions and likelihood functions to derive the posterior distribu-
tion of the parameters.

Our analyses were conducted using Review Manager (RevMan)
version 5.3, Comprehensive Meta-analysis v3, and TSA v0.9.5.9 soft-
ware.

3. Results

After reviewing 4718 studies from the databases, 4694 studies were
excluded. Twenty-four RCTs were included in the final analysis (eFig. 2
in Supplement 1) [10,11,13,15-35]. Twenty-four RCTs totaled 13,338
patients, of whom, 6141 received placebo, 5485 received LMWH, 806
received direct Xa inhibitors, 396 received aspirin, 372 received war-
farin, and 138 received unfractionated heparin. The mean age ranged
between 54.6 and 68.1, with 50.5% male. Follow-up durations were
variable between the included trials, ranging 2-24 months. Eighteen
trials compared LMWH with placebo, of these, nine used dalteparin
[10,15,17,19,21,22,24,31,34] three used nadroparin [16,20,33], three
used enoxaparin [23,26,27], one trial used certoparin [35], one trial
used bemiparin [25], and one trial used semuloparin [18]. One trial
compared enoxaparin, warfarin and aspirin [28], one trial compared
unfractionated heparin with placebo [32], and one trial compared
warfarin with placebo [30]. Three trials were included in the direct Xa
inhibitors analysis, two of them compared apixaban with placebo
[11,29], and one compared rivaroxaban with placebo [13]. Six trials
were done on lung cancer patients [15,16,18,24,25,35], while three
were done on patients with pancreatic cancer [17,22,23]. The char-
acteristics of the included trials and their patients' demographic fea-
tures are displayed in Table 1 and Table 2. The various types of cancers
studied in each trial are demonstrated in eTable 1 in Supplement 1.

3.1. Primary outcome

There was a significant reduction of VTE with the use of either
LMWH or direct Xa inhibitors when compared with placebo (RR 0.58;
95% CI 0.48-0.69, P < 0.001; I> = 0%) and (RR 0.39; 95% CI
0.24-0.63, P < 0.001; I? = 5%), respectively (Fig. 1 and Fig. 2).
Publication bias was assessed by analysis of the funnel plot (eFig. 3—4 in
Supplement 1). Sensitivity analysis was performed by removing each
trial sequentially and did not change the outcome significance. Network
meta-analysis showed that unfractionated heparin, warfarin, aspirin,
certoparin, and nadroparin did not lower the VTE events compared
with placebo. Furthermore, the network analysis did not show any
significant difference between the other studied anticoagulants; apix-
aban, rivaroxaban, dalteparin, enoxaparin, bemiparin and semuloparin
(eFig. 5 in Supplement 1).
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Table 2

Demographic features of patients in the included trials.

Thrombosis Research 181 (2019) 36-45

Study name/last No. of patients Age, year No. of Weight or BMI. Value  Khorana No. of patients with the No. Time since cancer
author, year of mean (SD) or male  in mean (SD) or score ECOG performance- previous diagnosis till
publication median (IQR) median (IQR) status score. VTE randomization, value in
mean (SD) or median (IQR)
0-1 =2
Lebeau, 1994 Heparin 138 < 50year: 21 120 - - - - - -
50-59 year: 49
60-69 year: 49
70-81 year: 19
Placebo 139 < 50year: 20" 132 - - - - - -
50-59 year: 55
60-69 year: 39
70-81 year: 25
Levine, 1994 Warfarin 152 - - - - 123 136 0 -
Placebo 159 - - - - 29 22 2 -
Altinbas, 2004 Dalteparin 42 57.5 (34-74) 33 - - 29 13 - -
Placebo 42 58 (37-75) 35 - - 29 13 - -
FAMOUS/Kakkar, Dalteparin 190 62.0 77 - - - - - -
2004 (53.8-68.4)
Placebo 184 60.9 84 - - - - - -
(52.4-69.4)
MALT/Klerk, 2005 Nadroparin 148 63 (36-86) 77 Weight 71 (40-135) - - - - 17 (7-41) months
Placebo 154 64 (28-83) 81 Weight 69 (43-96) - - - 16 (5-39) months
Sideras, 2006 Dalteparin 24 33-50: 4" 12 - - 22 -
51-86: 20
Placebo 26 33-50: 4% 11 - - 23 3 1 -
51-86: 22
PROTECHT/Agnelli, Nadroparin 769  62-1 (10-3) 372 BMI 254 (4-4) - - - 12 -
2009 Placebo 381 637 (92) 183 BMI 252 (4-2) - - - 6 -
PRODIGE/Perry, 2010  Dalteparin 99 57 (30-81)" 61 - - - - - -
Placebo 87 55 (26-77) © 50 - - - - - -
Palumbo, 2011 Aspirin 220 61 (IQR 55-66) 117 - - - - 2 -
Warfarin 220 60 (IQR 54-66) 115 - - - - 2 -
Enoxaparin 219 62 (IQR 55-66) 130 - - - - 1 -
Van Doormaal, 2011 Nadroparin 244 65 (10) 197 Weight 74.3 (15.5) - - - - Prostate cancer: 4.3 (3.7)
year
NSCLC: 0.1 (0.1) year
Pancreatic cancer: 0.1 (0.2)
year
Placebo 259 65 (9.8) 206 Weight 73.2 (14.2) - - - - Prostate cancer: 4.6 (3.8)
year
NSCLC: 0.1 (0.4) year
Pancreatic cancer: 0.2 (0.3)
year
Ellit, 2012 Dalteparin 58 (34, 73) 0 Weight > 40kg - 22 4 1 -
(5010) 26
Dalteparin 60 (38, 72) 0 - 22 3 0 -
(1001U) 25
Dalteparin 64 (44, 74) 0 - 23 2 3 -
(1501U) 26
Placebo 9 62 (42, 70) 0 Weight > 40kg - 6 3 0 -
Larocca, 2012 Enoxaparin 166 58 IQR (52-62) 99 - - - - 0 -
Aspirin 176 57 IQR (51-61) 87 - - - 0 -
Levine, 2012 Apixaban (5mg) 57 (41-67) 15 - - 30 - < 1year: 20"
32 1-2year: 3
> 2year: 9
Apixaban 60 (39-76) 13 - - 23 5 - < lyear: 17%
(10 mg) 30 1-2year: 1
> 2year: 12
Apixaban 64 (25-86) 20 - - 30 3 - < 1lyear: 227
(20mg) 33 1-2year: 3
> 2year: 8
Placebo 30 59 (20-82) 15 - - 27 2 - < lyear: 17%
1-2year: 5
> 2year: 8
Maraveyas, 2012 Dalteparin 60 62 (40-79) 36 - - - - - -
Placebo 63 66 (43-82) 36 - - - - - -
SAVE-ONCO/Agnelli, Semuloparin 59.8 (10.6) 974 BMI 24.9 (5.1) - 1465 141 32 -
2012 1608
Placebo 1604 59.4 (10.6) 956 BMI 24.7 (4.9) - 1478 124 37 -
TOPIC-1/Haas, 2012 Certoparin 174 54.6 (10.3) 0 BMI 27.0 (4.9) - - - - 3.2 (0-21.7) years”
Placebo 178 56.6 (11.0) 0 BMI 27.5 (5.7) - - - - 3.1 (0-18.7) yearsl’
TOPIC-2/Haas, 2012 Certoparin 273 60.8 (9.5) 227 BMI 24.7 (4.1) - - - - 0.3 yearsb
Placebo 273 60.3 (10.0) 227 BMI 24.6 (4.2) - - - - 0.4 years”
Vadhan-Raj, 2013 Dalteparin 38 52 41 - - - - - -
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Table 2 (continued)

Study name/last No. of patients Age, year No. of Weight or BMIL. Value  Khorana No. of patients with the No. Time since cancer
author, year of mean (SD) or male  in mean (SD) or score ECOG performance- previous diagnosis till
publication median (IQR) median (IQR) status score. VTE randomization, value in
_— mean (SD) or median (IQR)
0-1 =2
Placebo 37 - - - - - -
ABEL/Lecumberri, Bemiparin 20 61.1 (7.5) 17 Weight 74.1 (12.1) - 20 0 0 -
2013 Placebol8 64.5 (10.0) 16 Weight 77.1 (20.1) - 17 1 0 -
Zwicker, 2013 Enoxaparin 68.1 14 BMI 23.8 (16.6-31.6) - 22 1 - -
(High TFMP) 23  (46.6-80.1)
Observation 67.5 5 BMI 23.8 (20.0-34.4) - 8 3 - -
(High TFMP) 11  (28.8-78.7)
Observation 62.8 19 BMI 26.3 (19.0-48.7) 31 1 - -
(Low TFMP) 32 (42.7-83.8)
CONKO-004/Pelzer, Enoxaparin 160 62 (32-81) 91 BMI 24.3 (15.2-43.0)
2015 Placebo 152 63 (27-83) 94 BMI 23.8 (16-39.2)
FRAGMATIC/ Dalteparin 1101 65 (59-71) 661 BMI 25.6 (22.9-29.0) - 937 164 - 21 (15-29) days
Macbeth, 2016 Placebo 1101 64 (58-71) 656 BMI 25.8 (22.7-29.1) - 926 163 - 21 (15-29) days
PHACS/Khorana, 2017 Dalteparin 50 60 (10) 29 - Median 3 39 6 4 -
Observation 48 58 (12) 24 - Median 3 40 6 2 -
AVERT/Carrier, 2018  Apixaban 291 61.2 (12.4) 121 Weight 80.0 (22.3) 2: 186 186 32 9 -
3:78
4: 26
5:1
6: 0
Placebo 283 61.7 (11.3) 119 Weight 82.6 (21.4) 2: 190 188 29 8 -
3: 68
4: 24
5:1
6:0
CASSINI/Khorana, Rivaroxaban 420 63 (23-87) 222 - <25 152 25 13 -
2019 2: 281
3: 106
4: 26
=5:2
Placebo 421 62 (28-88) 206 - <2:3 177 26 2 -
2: 295
3: 96
4: 25
=5: 2

Abbreviations: ABEL: Adjuvant bemiparin in small cell lung cancer; AVERT: Apixaban for the prevention of venous thromboembolism in high-Risk ambulatory cancer
patients; BMI: Body mass index; CASSINI: Rivaroxaban thromboprophylaxis in high-risk ambulatory cancer patients receiving systemic therapy; CONKO: Charité —
Onkologie; FAMOUS: Fragmin advanced malignancy outcome study; ECOG: Eastern cooperative oncology group; FRAGMATIC: The effect of fragmin added to
standard therapy in patients with lung cancer; IQR: Interquartile range; MALT: Low molecular weight heparin on survival in patients with advanced malignancy;
MICROTEC: Prediction and prevention of thromboembolic events with enoxaparin in cancer patients with elevated tissue factor bearing microparticles; PHACS:
Prophylaxis of high-risk ambulatory cancer patients study; PRODIGE: Randomized placebo-controlled trial of dalteparin low-molecular-weight heparin thrombo-
prophylaxis in patients with newly diagnosed malignant glioma; SAVE-ONCO: Evaluation of AVE5026 in the prevention of venous thromboembolism in cancer
patients undergoing chemotherapy; SD: Standard deviation; TOPIC-1: low-molecular-weight heparin versus placebo for the prevention of venous thromboembolism
in metastatic breast cancer; TOPIC-2: low-molecular-weight heparin versus placebo for the prevention of venous thromboembolism in inoperable, late-stage
non-small-cell lung cancer; VTE: Venous thromboembolism.

2 Number of patients.

> Mean (minimum — maximum).

3.2. Secondary outcomes significantly increase the risk of major bleeding when compared to
placebo (RR 1.26; 95% CI 0.92-1.74, P = 0.16; 12 = 0%) and (RR 1.76;

Compared with placebo, LMWH significantly lowered the incidence 95% CI 0.83-3.73, P = 0.14; I2 = 0%), respectively (Fig. 1 and Fig. 2)

of PE and DVT events (RR 0.57; 95% CI 0.43-0.75, P < 0.001; The network meta-analysis showed that there is no difference between

I?2 = 0%) and (RR 0.28; 95% CI 0.11-0.71, P = 0.008; 12 = 0%), re- the competing treatments (eFig 6 in Supplement 1).

spectively (Fig. 1). Direct Xa inhibitors trended a lower incidence of PE

and DVT compared with placebo (RR 0.46; 95% CI 0.21-1.02,

P = 0.06; I> =30%) and (RR 0.53; 95% CI 0.26-1.07, P = 0.07; 3.3. Sensitivity analysis

12 = 33%), respectively, however, this trend did not reach statistical

significance (Fig. 2). Our sensitivity analysis according to the type of cancer was per-
With regard to mortality, LMWH demonstrated a significant re- formed on both lung and pancreatic cancer. LMWH compared with
duction in all-cause mortality compared with placebo (RR 0.95; 95% CI placebo showed a significant reduction in VTE events in both lung and

0.91-0.99, P = 0.02; I> = 7%), however not VTE-related mortality (RR pancreatic cancer (RR 0.53; 95% CI 0.41-0.68, P < 0.001; 12 = 0%)
0.62; 95% CI 0.28-1.34, P = 0.22; I> = 0%) (Fig. 1). In contrast, direct and (RR 0.39; 95% CI 0.24-0.64, P < 0.001; I = 0%), respectively.
Xa inhibitors showed no significant difference in all-cause mortality Furthermore, major bleeding did not increase significantly in patients
(RR 0.93; 95% CI 0.58-1.48, P = 0.76; I*> = 53%). who received LMWH compared with those receiving placebo in both
Regarding safety outcomes, LMWH and direct Xa inhibitors did not lung and pancreatic cancer (RR 1.21; 95% CI 0.68-2.18, P = 51;
I2=0%) and (RR 1.21; 95% CI 0.58-2.51, P = 0.62; I? = 0%),
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LMWH Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M.H,Random,95%Cl Year M-H, Random, 95% CI
1.1.1Venous thromboembolism
FAMOUS / Kakkar, 2004 3 190 4 184 15% 0.73(0.16,3.20) 2004 —_—
Altinbas, 2004 0 4 142 03% 033(0.01,7.96] 2004 —
MALT  Klerk, 2005 2 148 3 154 1.0% 069(0.12,4.09) 2005 —_—T
Sideras, 2006 4 5 26 23% 0.87(0.26,2.85) 2006
PROTECHT / Agnelli, 2009 15 769 15 831 64% 1.08(0.53,2.20] 2009
PRODIGE / Peny, 2010 199 14 87 60% 069(0.33,1.44) 2010
Van Doormaal, 2011 16 244 15 250 6.9% 113(0.57,2.24] 2011
TOPIC-1/ Haas, 2012 7174 7178 31% 1.02(037,2.86) 2012
Maraveyas, 2012 780 19 63 51% 0.39(0.18,0.85) 2012
SAVE-ONCO / Agnell, 2012 20 1608 55 1604 12.5% 0.36(0.22,0.60) 2012
TOPIC-2/Haas, 2012 12 273 22 73 69% 055(0.28,1.08] 2012
Eit, 2012 37 09 04%  090[0.0516.13) 2012
Vadhan-Raj, 2013 2 38 8 37 15% 0.24(0.06,1.07) 2013
ABEL fLecumberri, 2013 0 2 418 04% 010(0.01,1.75) 2013
MICROTEC f Zwicker, 2013 1 0n 3 43 07% 062(0.07,5.66) 2013
CONKO-004 / Pelzer, 2015 10 160 22 152 6.3% 043(0.21,0.88) 2015
FRAGMATIC / Macbeth, 2016 61 1101 107 1101 351% 057(042,0.77) 2016
PHACS / Khorana, 2017 6 50 10 48 37% 058(0.23,1.46) 2017
Subtotal (95% CI) 5100 5109 100.0% 0.58 [0.48, 0.69]
Total events 180 314
Heterogeneity: Tau®= 0.00; Chi*= 16.62, df =17 (P = 0.48); F'= 0%
Testfor overall effect 7= 5.95 (P < 0.00001)
1.1.2 Deep venous thrombosis
FAMOUS / Kakkar, 2004 1190 4184 15% 0.24[0.03,2.15) 2004
Altinbas, 2004 0 4 142 0% 0.33(0.01,7.96) 2004
Sideras, 2006 4 u 5 26 49% 087(0.26,2.85] 2006
PROTECHT / Agnelli, 2009 8 769 8 381 73% 050(0.19,1.31) 2009
PRODIGE / Pery, 2010 099 11 87 105% 0.80(0.36,1.79) 2010
Van Doormaal, 2011 13 244 8 259 92% 1.72(0.73,4.09) 2011
SAVE-ONCO / Agnell, 2012 11608 34 1604 14.8% 0.32(0.16,0.63) 2012 —
Elt, 2012 27 0 9 08%  064(0.03,1242 2012 —
TOPIC-1/ Haas, 2012 4 5 178 41% 082(0.22,3.00 2012 e
TOPIC-2/Haas, 2012 8 273 16 273 99% 050(0.22,1.15) 2012 —
Vadhan-Raj, 2013 2 38 6 37 30% 032(0.07,1.51) 2013 —
CONKO-004 f Pelzer, 2015 100160 21 152 131% 045(0.22,093) 2015
FRAGMATIC / Macbeth, 2016 141101 3101 172% 045(0.24,0.84) 2016
PHACS / Khorana, 2017 2 50 6 48 29% 0.32(0.07,1.51) 2017
Subtotal (95% CI) 4849 4381 100.0% 0.54[0.41,0.70] *
Total events 89 156
Heterogeneity: Tau®= 0.00; Chi*= 13.20, df= 13 (P = 0.43); F= 2%
Testfor overall effect: Z= 4.56 (P < 0.00001)
1.1.3 Pulmonary embolism
Altinbas, 2004 [ 0 4 Notestimable 2004
FAMOUS / Kakkar, 2004 2 190 0 184 08%  484(023,100.20] 2004
PROTECHT / Agnelli, 2009 3 769 3 381 30% 050(0.10,2.44) 2009
PRODIGE / Pery, 2010 2 99 487 28% 0.44(0.08,2.34) 2010
Van Doormaal, 2011 3 244 7259 43% 045(012,1.74] 2011
SAVE-ONCO / Agnell, 2012 10 1608 24 1604 14.4% 0.42(0.20,0.87) 2012
Elt, 2012 2w 0 9 09%  064(0.03,1242 2012
TOPIC-1 / Haas, 2012 2 m 4273 27% 050(0.09,2.71) 2012
TOPIC-2/Haas, 2012 00 00 Notestimable 2012
Vadhan-Raj, 2013 0 38 237 09% 019(0.01,3.93) 2013
CONKO-004 / Petzer, 2015 0 160 3 1582 09% 014(0.01,261) 2015
FRAGMATIC / Macbeth, 2016 49 1101 80 1101 64.9% 061(0.43,087) 2016
PHACS / Khorana, 2017 4 50 4 48 44% 0.96(0.25,3.62) 2017
Subtotal (95% CI) 4651 4177 100.0% 0.57[0.43,0.75]
Total events 77 131
Heterogeneity: Tau?= 0.00; Chi*= 5.04, df= 10 (P = 0.89); = 0%
Testfor overall effect Z= 3.98 (P < 0.0001)
1.1.4 Venous thromboembolism related mortality
Altinbas, 2004 0 4 0 4 Notestimable 2004
PROTECHT / Agnelli, 2009 0 769 0 381 Notestimable 2009
Maraveyas, 2012 0 60 5 63 74% 010(0.01,1.69) 2012
SAVE-ONCO / Agneli, 2012 7 1608 9 1604 628% 0.78(0.29,2.08) 2012
FRAGMATIC / Macbeth, 2016 3 10 5 1101 298% 0.60(0.14,2.50] 2016
PHACS / Khorana, 2017 0 50 0 48 Not estimable 2017
Subtotal (95% CI) 3630 3239 100.0% 0.62[0.28, 1.34]
Total events 10 19
Heterogeneity: Tau®= 0.00; Chi*=1.93, df= 2 (P = 0.38); F= 0%
Testfor overall effect Z=1.22 (P = 0.22)
1.1.5 All-cause mortality
FAMOUS / Kakkar, 2004 150 190 162 184 19.6% 0.90(0.62,0.98) 2004
MALT  Klerk, 2005 M7 148 137 154 167% 0.89(0.80,0.98] 2005
PROTECHT / Agnell, 2009 333 769 155 381  85% 1.06(0.92,1.23] 2009
PRODIGE / Pery, 2010 45 99 32 87 16% 1.24(0.87,1.75] 2010
Van Doormaal, 2011 138 244 160 259 85% 092(0.79,1.08] 2011
Maraveyas, 2012 4 60 783 01% 060(0.19,1.95 2012
SAVE-ONCO / Agnell, 2012 698 1608 714 1604 24.9% 0.98(0.90,1.05) 2012
TOPIC-2/Haas, 2012 55 273 59 273 18% 093(0.67,1.29) 2012
TOPIC-1/Haas, 2012 15 174 12 178 0.4% 1.28(0.62,265) 2012
Eit, 2012 2 7 0 9 00%  064[0.031242) 2012
ABEL/Lecumberri, 2013 9 20 12 18 06% 068(0.38,1.21) 2013
FRAGMATIC / Macheth, 2016 455 1101 468 1101 174% 097(0.88,1.07) 2016
PHACS / Khorana, 2017 8 50 6 48 02% 1.28(0.48, 3.42] 2017
Subtotal (95% CI) 4813 4359 100.0% 0.95[0.91,0.99]
Total events 2029 1924
Heterogeneity: Tau®= 0.00; Chi*=12.90, df=12 (P = 0.38); F= 7%
Testfor overall effect Z= 2.38 (P = 0.02)
1.1.6 Major bleeding
Altinbas, 2004 [ 0 4 Notestimable 2004
FAMOUS / Kakkar, 2004 1190 0 184 10%  291(012,7087) 2004
MALT  Klerk, 2005 5 148 1154 23%  520(0.62,44.01) 2005
Sideras, 2006 2 5 26 43% 0.43(0.09,2.03) 2006
PROTECHT / Agnelli, 2009 5 769 0 381 12%  5.46(0.30,98.43) 2009
PRODIGE / Peny, 2010 5 99 187 23%  439(052,36.89) 2010
Van Doormaal, 2011 10 244 9 259 132% 1.18(0.49, 2.85] 2011
Eit, 2012 o 0 9 Notestimable 2012
SAVE-ONCO / Agnell, 2012 19 1608 18 1604 251% 1.05(0.55,2.00] 2012
TOPIC-2/Haas, 2012 10 273 6 273 103% 167 (061, 4.52] 2012
TOPIC-1  Haas, 2012 3 174 0 178 12%  7.16(0.37,137.60] 2012
Maraveyas, 2012 260 2 83 28% 1.05(0.15,7.22) 2012
ABELfLecumberri, 2013 020 118 1.0% 0.30(0.01,6.97) 2013
Vadhan-Raj, 2013 0 38 0 a7 Notestimable 2013
CONKO-0U4 f Peizer, 2015 13160 10 152 16.3% 1.24(0.86,2.73) 2015
FRAGMATIC / Macbeth, 2016 13 1101 13 1101 176% 1.00(0.47,2.15] 2016
PHACS / Khorana, 2017 6 50 0 48 13% 1249(0.72,21584] 2017
Subtotal (95% CI) 5077 4616 100.0% 1.26[0.92, 1.74]
Total events 94 66
Heterogeneity: Tau®= 0.00; Chi*=12.01, df= 13 (P = 0.53); F= 0%
Testfor overall effect 7=1.42 (P = 0.16)

001 100

04 10
Favors [LMWH] Favors [Placebo]

Fig. 1. Forest plot demonstrating the results of the primary and secondary
outcomes of low molecular weight heparin.

respectively (eFig 7 and eFig 8 in Supplement 1).

4. Discussion

This  comprehensive  meta-analysis included 24 RCTs
[10,11,13,15-35], and has established the following findings: First, use
of either direct Xa inhibitors or parenteral LMWH as primary VTE
prophylaxis for ambulatory cancer patients was associated with lower
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VTE and PE events when compared to placebo. This protective effect
was consistent between different classes of direct Xa inhibitors and
LMWH, with exceptions being certoparin and nadroparin. Second,
LMWH, was associated with lower DVT events and decreased all-cause
mortality compared with placebo. Finally, both LMWH and direct Xa
inhibitors were associated with comparable bleeding rates compared
with placebo, and this was consistent between different classes of
LMWH and direct Xa inhibitors.

Our results showed that LMWH significantly reduced the number of
VTE events, including DVT and PE, and this was consistent with the
previously published meta-analyses and systematic reviews [12,36].
These results were consistent with the involved trials. This beneficial
effect of the LMWH has been recognized by the American Society of
Clinical Oncology (ASCO), however, they did not recommend LMWH as
primary VTE prophylaxis [8], as the incidence of VTE were quite low in
the placebo group of two large RCTs, 3.9% in PROTCHET (Prophylaxis
of Thromboembolism during Chemotherapy) and 3.4% in SAVE-ONCO
(Evaluation of AVE5026 in the Prevention of Venous Thromboembo-
lism in Cancer Patients Undergoing Chemotherapy) [16,18]. In our
pooled analysis, the incidence of VTE in the entire placebo group was
quit high (6.1%), and it was higher in patients with lung cancer and
advanced pancreatic cancer (APC) who did not receive any antic-
oagulation (7.3% and 19.4% respectively). This highlights the im-
portance of primary VTE prophylaxis, especially in patients with pan-
creatic cancer.

Among the studied subgroups, patients with APC have shown to
benefit more from anticoagulation (RR 0.39, number needed to treat
(NNT) = 8) than patients with lung cancer (RR 0.53, NNT = 28). This
data from RCTs is an important illustration that should be taken into
consideration regarding the guidelines that recommend only VTE pro-
phylaxis in multiple myeloma patients receiving dexamethasone or
anti-angiogenic medications based on observational studies [8]..

The network meta-analysis shows that certoparin and nadroparin
are the only LMWH agents that did not lower the VTE events. Perhaps,
the extended time frame between cancer diagnosis and starting the
anticoagulant was long (3.2 years) in TOPIC-1 (low-molecular-weight
heparin versus placebo for the prevention of venous thromboembolism
in metastatic breast cancer). This may lead to overlooking the vital time
associated with the greatest risk of increased thrombosis, which is the
first few months after cancer diagnosis [35,37]. Furthermore, using low
dose of certoparin in both TOPIC-1 and TOPIC-2 (low-molecular-weight
heparin versus placebo for the prevention of venous thromboembolism
in inoperable, late-stage non—small-cell lung cancer) may have affected
the efficacy of certoparin in reducing the VTE events [35]. Nadroparin
has been used in three trials, two of which were designed to study the
survival benefit of nadroparin in patients with cancer, and antic-
oagulation was given for only 6 weeks [20,33]. This short duration may
be insufficient to show the protective effect of nadroparin, and raises
the possibility of a latent-time effect of nadroparin, as shown in the
PROTCHET trial which used nadroparin for 4 months without showing
a significant reduction in VTE events [16]..

The novel finding of our analysis is that direct Xa inhibitors were
associated with lower VTE events compared with placebo. Furthermore,
we found that direct Xa inhibitors led to less VTE events compared to
LMWH. Although our analysis of the direct Xa inhibitors usage was
heterogeneous regarding the medications used, both fondaparinux [13]
and apixaban [11,29] were found to have a similar RR of about 0.4 for
lowering the VTE events.

Our analysis indicated a significantly lower mortality rate in pa-
tients who received LMWH compared with placebo. The network ana-
lysis showed a consistent result regardless of the LMWH types.
Although none of the included trials was powered enough to measure
outcomes like all-cause mortality, the largest two trials FRAGMATIC
(The effect of fragmin added to standard therapy in patients with lung
cancer) and SAVE-ONCO showed a trend of lower mortality in the
LMWH arm [18,24]. Furthermore, our results dispute previous findings
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Direct Xa inhibitor Placebo

Risk Ratio
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Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H,R 95% Cl Year M-H, Random, 95% CI
2.1.1Venous thromboembolism
Levine, 2012 0 95 3 30 28% 0.05(0.00,0.87] 2012
AVERT / Carrier, 2018 12 29 28 283 50.7% 0.42([0.22,0.80] 2018 =il
CASSINI/ Khorana 2019 11 420 27 421 46.5% 0.41[0.21,0.81] 2019 ——
Subtotal (95% CI) 806 734 100.0% 0.39[0.24, 0.63] <
Total events 23 58
Heterogeneity: Tau®= 0.01; Chi*= 210, df= 2 (P = 0.35); F= 5%
Test for overall effect: Z= 3.79 (P = 0.0002)
2.1.2 Deep venous thromhosis
Levine, 2012 0 95 3 30 53% 0.05[0.00,087] 2012 ¥
AVERT J Carrier, 2018 7 M 12283 359% 0.57(0.23,1.42) 2018 — &
CASSINIf Khorana 2019 19 420 30 421 588% 0.63[0.36,1.11] 2019 —r
Subtotal (95% Cl) 806 734 100.0% 0.53[0.26, 1.07] B
Total events 26 45
Heterogeneity: Tau®=0.13; Chi*=2.99, df= 2 (P = 0.22), F= 33%
Test for overall effect Z=1.78 (P=0.07)
2.1.3 Pulmonary embolism
Levine, 2012 0 95 1 30 6.0% 0.11[0.00,2.58] 2012 4
AVERT / Carrier, 2018 5 16 283 40.3% 0.30(0.11,0.82] 2018 —
CASSINI/ Khorana 2019 11 420 15 421 537% 0.74 [0.34,1.58] 2019 ——
Subtotal (95% CI) 806 734 100.0% 0.46 [0.21, 1.02] i
Total events 16 32
Heterogeneity: Tau®= 0.16; Chi*= 2.85, df= 2 (P = 0.24), F= 30%
Test for overall effect. Z=1.91 (P = 0.06)
2.1.4 All-cause mortality
Levine, 2012 1 95 2 30 37% 016(0.01,1.68) 2012 ————— 1
AVERT / Carrier, 2018 3% 9 27 283 39.9% 1.26(0.78,2.03] 2018
CASSINI/ Khorana 2018 84 420 100 421 56.5% 0.84 [0.65,1.09] 2019 f
Subtotal (95% CI) 806 734 100.0% 0.93[0.58, 1.48]
Total events 120 129
Heterogeneity: Tau®= 0.08; Chi*=4.27, df=2 {(P=012), F=53%
Test for overall effect. Z=0.30 (P = 0.76)
2.1.5 Major bleeding
Levine, 2012 2 95 1 30 101% 0.63[0.06,6.72] 2012 - =20
AVERT / Carrier, 2018 10 291 5 283 502% 1.95(0.67,5.62] 2018 T
CASSINI/ Khorana 2018 g 420 4 421 397% 2.00([0.61,6.61] 2019 —1
Subtotal (95% Cl) 806 734 100.0% 1.76 [0.83, 3.73] e
Total events 20 10
Heterogeneity: Tau®= 0.00; Chi*= 0.80, df=2 (P = 0.67), F=0%
Test for overall effect. Z=1.47 (P=0.14)

0.01 : 100

0.1 10
Favors [DOACS] Favors [Placebo]

Fig. 2. Forest plot demonstrating the results of the primary and secondary outcomes of direct Xa inhibitors.

that showed only a marginal improvement in survival (RR 0.99; 95% CI
0.96 to 1.01) [38]. The reason behind this survival benefit is unclear
and could be related to a proposed synergistic effect of the LMWH with
the chemotherapy [39] or antimetastatic effect [24], but could not be
attributed to lower VTE events according to our analysis. In contrast,
direct Xa inhibitors did not show significant survival benefit, though
they did trend towards a lower mortality association. This lack of
benefit may be related to the small number of patients included in our
analysis; thus further powered trials are needed.

The safety of anticoagulation must always be carefully considered in
cancer patients as they have a high risk of bleeding due to neovascu-
larization [40] and thrombocytopenia, especially those receiving che-
motherapy [18,41,42]. The overall incidence of major bleeding was
similar between the anticoagulation group (LMWH and direct Xa in-
hibitors), and the placebo group. These findings are consistent with the
previously published Cochrane review [38], which highlighted the
safety of the direct Xa inhibitors in cancer and suggesting direct Xa
inhibitors as a priority therapy used in cancer patients based on the ease
and convenience of use [38]. Our network analysis did not study dif-
ferences between the various classes of LMWH and direct Xa inhibitors.

4.1. Limitations

This analysis has several limitations. First, although our analysis
showed lower mortality in LMWH and did not show the same results
with direct Xa inhibitors, none of the involved trials were large enough
to measure mortality as an outcome. Furthermore, all of the patients
were ambulatory, and they died outside of the hospitals from proposed
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disease progression, thus it is very difficult to predict the impact of VTE-
related mortality in this population [16]. There were much lower
numbers of patients in the warfarin, aspirin, and UFH groups, thus, it is
hard to draw a conclusion about these medications. Furthermore, the
warfarin doses that were used in the involved trials were very low to
have predictable effect from it [43]. Second, the involved trials used
different classes of LMWH and direct Xa inhibitors, however, our net-
work meta-analysis did not analyze difference between these classes.
Finally, the involved trials were heterogeneous in the included popu-
lation regarding cancer type, and most of the included trials did not do
sub-group analyses according to the cancer type. To overcome this
limitation, we performed sensitivity analyses for patients with lung and
pancreatic cancers. Moreover, the involved trials excluded a significant
group of patients who have coagulopathy or thrombocytopenia, as they
are at high risk of bleeding, however, a dose-adjusted therapy according
to the platelet level can be used to treat patients with platelet of
=30 x 107 [44].

5. Conclusions

Anticoagulation therapy with both LMWH and direct Xa inhibitors
of various classes are associated with lower VTE events when compared
with placebo. Furthermore, this protective effect is associated with
comparable safety profiles of both LMWH and direct Xa inhibitors, as
both therapies showed no increased risk of major bleeding when
compared with placebo.
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