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. Venous thromboembolism (VTE) has significant clinical implications in leukemia patients. However,

. the actual frequency of this complication remains unknown. We performed a systematic review and

. meta-analysis to better estimate the frequency of this complication and to assess the risk factors that
contribute to its occurrence. We searched several databases, including PubMed, Embase, and Web of
Science, and assessed study quality using the Newcastle-Ottawa scale. The pooled frequency of VTE in
leukemia patients was calculated. A total of 144 studies met the eligibility criteria. The incidence rate
(IR) of VTE from 72 prospective studies comprising 9,061 patients was 5% (95%Cl: 4-6%). The incidence
rate (IR) of VTE in ALL, CLL, total-AML, and CML population was 5% (95%Cl: 4-6%), 3% (95%Cl: 2-5%),
6% (95%Cl: 4-8%) and 13% (95%Cl: 1-36%). The incidence of VTE was markedly decreased among ALL
patients who received anticoagulation treatment (IR: 1%, 95%Cl: 0-6%) or concentrates therapy (IR:

: 3%, 95%Cl: 0-9%). The overall incidence of VTE in the leukemia population was high, particularly in

. transplant recipients, who had the highest risk (IR: 8%, 95% Cl: 4-13%). Prophylactic approaches could

. significantly decrease the occurrence of VTE events.

© Cancer is associated with an increased frequency of venous thromboembolism (VTE)!. The incidence of throm-
. boembolic events in cancer patients is approximately four to six-fold higher than in the general population?®.
: Recent studies have shown that patients with leukemia may have an incidence of thrombosis as high as (or
even higher than) other cancer patients®°. The reported incidence of VTE in leukemia varies from 1.1% to
© 36.7%’. This wide range in the reported incidence may be related to variations in the disease subtype and stage
: that were examined, the VTE definition (symptomatic versus asymptomatic) used, the diagnostic methods used,
the study design (prospective versus retrospective analysis), and the leukemia treatment protocol. Thrombosis has
* anumber of risk factors, including hereditary thrombophilia, the insertion of central venous catheters, exposure
. to a combination of steroids and asparaginase during induction, and the presence of hypercoagulation. In addi-
. tion, cancer cells may alter hemostasis through direct interactions with endothelial cells to produce a prothrom-
. botic environment.

In cancer patients, VTE results in the delay or withdrawal of chemotherapy, the second-highest cause of mor-
tality and morbidity, a reduced quality of life, and a high cost burden. The American Society of Clinical Oncology
(ASCO) originally developed guidelines for VTE in cancer patients, but further studies are urgently needed to

. define more precise risk stratifications®. Studies have indicated that VTE is more likely to occur in leukemia
. patients; however, these results are difficult to interpret because of a previous lack of effort to systematically eval-
: uate research data from diverse sources characterizing the incidence of VTE among leukemia patients.
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There is an urgent need to determine accurately the prevalence of thrombosis in leukemia patients, as
this knowledge may be helpful in developing therapeutic or preventive strategies. The aims of the present
meta-analysis were to determine the incidence of systematic VTE in leukemia, stratified based on risk factors,
and to assess which patients are considered to be at a particularly high risk for VTE.

Methods

Data Source. This systematic review was implemented in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement’. We searched PubMed, Embase, and Web of
Science to identify relevant studies. The search terms included “venous thromboembolism’, “deep venous throm-

bosis”, “pulmonary embolism’, and “leukemia”. Furthermore, citations were supplemented by cross checking the
reference lists of eligible studies and relevant reviews to identify additional published data.

Study selection and data extraction. All studies that reported associations between VTE risk and leu-
kemia were included in this review, with no restrictions on publication date, region, stage of disease, or status.
Studies that included patients with baseline VTE or that reported superficial phlebitis, or thrombophlebitis but
not VTE were excluded. Two investigators independently and separately performed the data extraction according
to PRISMA guidelines. The information extracted from each study included the first author, year of publication,
country, study design, type of leukemia examined, research purpose, number and type of catheters placed, and
number of transplant recipients included. The incidence VTE data in each study was extracted for the following
meta-analysis. A third investigator resolved any discrepancies.

Subgroup analysis. The incidence rate of VTE was separately estimated for different subgroups of studies
according to study design, type of leukemia examined, patients’ age, patients’ geographic location, insertion of
CVCs (central venous catheters) or PICCs (peripherally inserted central catheters), thromboprophylaxis, receipt
of transplantation, and year of study publication.

Study design.  'Two distinct IRs for VTE were determined based on study design, one for prospective studies and
one for retrospective studies.

Type of leukemia. The studies were subgrouped according to the leukemia subtypes of ALL (acute lymphoblastic
leukemia), CLL (chronic lymphoblastic leukemia), AML (acute myeloid leukemia), APL (acute promyelocytic
leukemia), and CML (chronic myeloid leukemia).

Age of patients.  ALL is one of the most prevalent cancers in pediatric patients, and VTE is a common compli-
cation in the course of the disease. A scarcity of studies describing VTE in adult patients with ALL was observed.
The occurrence of VTE in adulthood was primarily recorded in patients with the CLL, AML, APL, or CML
subtype. Thus, we only sorted study participants with the ALL subtype into older or younger than18 years of age.

Insertion of CVC or PICC.  Studies assessing the effect of CVC or PICC insertion were included in a separate
meta-analysis to estimate the risk of VTE in leukemia patients with catheter implantation.

Thromboprophylaxis. Thromboprophylaxis was defined as the use of supplement therapy (antithrombin con-
centration or fresh frozen plasma) or anticoagulation therapy (unfractionated heparin, low-molecular-weight
heparin, aspirin, or warfarin) within a particular ALL population. A total of 17 studies included ALL leukemia
patients receiving thromboprophylaxis, and these were divided into supplement therapy, anticoagulation therapy,
and combined therapy subgroups to evaluate the beneficial effect of thromboprophylaxis.

Transplantation. Five studies comprising more than half of all leukemia-mandated transplantations we ana-
lyzed were included in a separate meta-analysis to calculate the risk of VTE in the leukemia patient cohort who
underwent transplantation.

Year of study publication. The studies were subgrouped based on publication dates between 1990 and 1999, 2000
and 2009, and 2010 and 2014.

Data synthesis and analysis. Incidence rate was defined as the number of people who developed the
DVT over a specified time period following diagnosis/treatment. The pooled incidence rate of VTE, 95% con-
fidence intervals, and P values were calculated using the random effects method of DerSimonian and Laird™.
Heterogeneity, the variation between study results, was quantified using the I* statistic''. Subsequent subgroup
analyses were performed to explore the between-study heterogeneity. We classified heterogeneity as low, mod-
erate, or high based on an I statistic of 25%, 50%, or 75%, respectively, according to Higgins and colleagues.
Publication bias was assessed using Egger’s regression test. All tests were 2-sided, and statistical significance was
defined as P < 0.05. We performed several sensitivity or influence analyses to test the robustness of these findings.
Analyses were performed using R statistical software with the metaphor package.

Results

A total of 5,589 potentially relevant articles were identified using our search strategy. After screening the title and
abstract and subsequently reviewing the full text, we included 144 articles that fulfilled the criteria in this study.
All these studies were full-length reports published in peer-reviewed journals; except for 5 articles presented as
letters. Figure 1 shows a flowchart of the study selection process.
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165 full-text citations retrieved

for more detailed assessment

23 citations excluded

12 studies with no sufficient data

3 study investigate VTE in leukemia lymphoma
1 study comprise duplicated data

7 studies evaluate arterial thrombosis

144 citations included in synthesis

Figure 1. Flowchart of study selection method.

Eligible studies varied in subject number, ranging from 12 to 47,234 patients. Among the 144 studies selected,
there were 69 retrospective studies, 72 prospective studies, and 3 studies that contained both retrospective and
prospective analysis. Details of the included studies are summarized in Table S1. Among the prospective cohort
studies, 28 reports were obtained from America, 44 reports were obtained from Europe, 1 report was obtained
from Asia, and 1 study was conducted in Africa. Subgroup analysis was performed to identify groups at high
risk for VTE within leukemia populations. The results of the subgroup analysis are shown in Fig. 2. There was no
evidence of publication bias.

IRs. The included articles were divided as described in Table 1. Considering all prospective studies (72 stud-
ies, 75 individual cohorts, 9,061 patients, and 448 venous thrombosis events), the incidence rate of VTE was 5%
(95%CI, 4-6%). Nevertheless, when the analysis was restricted to retrospective studies, a substantially decreased
risk was observed (3%, 95%CI, 3-4%). Because memory recall of events in retrospective studies can be erratic,
prospective design is the best method to observe the frequency of a phenomenon; therefore, only prospective
studies were considered for subsequent analyses.

Leukemia subtype. Given the potentially different risk of patients with distinct subtypes of leukemia, an
exploratory analysis of patients stratified by leukemia subtype was performed. Comparisons between ALL-adult,
ALL-child, CLL, AML (except APL), total-AML, APL, and CML showed differences in the occurrence of VTE.
Notably, compared with other subtypes, CML patients had the highest incidence (Fig. 3).

Influence of venous thromboembolism prophylaxis. VTE prophylaxis consisted of replacement or
anticoagulation therapy. The incidence of VTE was markedly decreased among ALL leukemia patients receiving
anticoagulation treatment (IR: 1%, 95%CI: 0-6%) and supplement therapy, although to a lesser degree (IR: 3%,
95%CI: 0-9%) (Fig. 4).

Presence of CVC or PICC.  The presence of a catheter is closely associated with episodes of VTE. A total of
185 events were reported in 3,301 patients with catheter implantation. However, the pooled estimate of 18 studies
showed no association between catheter placement and an increased risk of developing VTE (IR: 4%, 95%CI:
3-6%) (Fig. 5).

Influence of transplantation. Transplantation (allogeneic hematopoietic cell transplantation or autogenic
hematopoietic cell transplantation) was administered to either more than half or all patients in 6 of the selected
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study IR OF VTE(95%CI)
study design
prospective study * 0.05 (0.04, 0.06)
retrospective study L d 0.03 (0.03, 0.04)
subgroup of leukemia
ALL * 0.05 (0.04, 0.06)
ALL-adult —_—— 0.06 (0.02, 0.12)
ALL-child - 0.05 (0.03, 0.07)
total AML - 0.06 (0.04, 0.08)
CLL * 0.03 (0.02, 0.05)
AML -— 0.04 (0.02, 0.07)
APL —— 0.04 (0.01, 0.07)
CML g 0.13 (0.01, 0.36)
thromboprophylaxis
supplement therapy [t 0.04 (0.00, 0.11)
anticoagulation therapy [—— 0.03 (0.00, 0.09)
combined — 0.01 (0.00, 0.06)
year of publication of study
between 1990 and 1999 —— 0.05 (0.03, 0.09)
between 2000 and 2009 - 0.05 (0.03, 0.06)
between 2010 and 2014 * 0.05 (0.04, 0.06)
region
America - 0.05 (0.03, 0.07)
Europe * 0.05 (0.04, 0.06)
effect of catheter - 0.04 (0.03, 0.06)
effect of transplantation —_—— 0.08 (0.04, 0.13)
T T
.36 0 .36

A 75 87 9,061 448 g:gg)(om,
B 40 41 2,431 108 g:gg)(o.()z;,
C 20 21 5,308 263 83;(0.03,
D 7 7 308 2 gjgi)(O.Oz,
E 72 71 153,062 | 2,770 g:gi)(om,

Table 1. Classification of 144 selected studies according to primary research objectives and methodological

design. A indicates all prospective studies comprising B, C, D. B indicates prospective studies evaluating the

outcomes of clinical therapeutic protocols describing VTE as a complication. C indicates prospective studies
investigating the prevalence of clinical venous thrombotic events. D indicates prospective studies evaluating
laboratory parameters of hypercoagulability thatdescribe clinical thrombotic complications as additional

information. E indicates retrospective studies.

studies. A meta-analysis of these 6 studies indicated that transplant recipients had the highest incidence of VTE

(IR: 8%, 95%CI: 4-13%) (Fig. 6).

Effect of publication period. We hypothesized that the incidence of VTE observed in leukemia patients
may have increased over the past few decades due to more aggressive chemotherapy treatment and more accurate
diagnostic methods. Therefore, we investigated the impact of publication period on the incidence of symptomatic
VTE in the leukemia patient population. Unexpectedly, leukemia patients had a similar magnitude risk regardless
of the publication period: 5% (95%CI, 4-6%) between 2010 and 2014, 5% (95%CI, 3-6%) between 2000 and 2009,

and 5% (95%CI, 3-9%) between 1990 and 1999 (Fig. 7).
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study patient event IR of VTE(95%CI) weight %
ALL-adult !
Abraham, A. (2014) 13 4 0.04 (0.01, 0.09) 2.64
Topp, M. S. (2011) 21 1 0.05 (0.00, 0.24) 0.57
Hunault-Berger, M. (2011) 60 7 I_._ 0.12 (0.05, 0.23) 0.93
Ravandi, F. (2010) 35 8 | — 0.23 (0.10, 0.40) 0.38
Ottmann, O. G. (2007) 55 1 * 0.02 (0.00, 0.10) 2.11
Delannoy, A. (2006) 30 3 — 0.10 (0.02, 0.27) 0.53
Sarris, A. H. (1992) 50 0 -l 0.00 (0.00, 0.07) 2.95
Subtotal 364 24 <
(I squared = 60.5%, p = 0.019) 0.06 (0.02, 0.12) 10.12
ALL-child ! i
Ranta, S. (2014) 1038 20 o' 0.02 (0.01, 0.03) 4.58
Vrooman, L. M. (2013) 195 16 | 0.08 (0.05, 0.13) 2.64
Vrooman, L. M. (2013) 189 13 —— 0.07 (0.04, 0.11) 2.95
Albisetti, M. (2013) 38 3 —— 0.08 (0.02, 0.21) 0.85
Torun, Y. A. (2012) 82 7 —— 0.09 (0.04, 0.17) 1.52
Lejhancova-Tousovska, K. (2012) 23 3 e e 0.13 (0.03, 0.34) 0.36
Giordano, P. (2011) 46 2 - 0.04 (0.01, 0.15) 1.37
silverman, L. B. (2010) 197 4 >+ 0.02 (0.01, 0.05) 4.00
Mitchell, L. (2010) 456 34 1= 0.07 (0.05, 0.10) 3.65
Giordano, P. (2010) 84 2 H-— 0.02 (0.00, 0.08) 2.64
Pieters, R. (2008) 32 2 ——— 0.06 (0.01, 0.21) 0.78
Meister, B. (2008) 71 9 | —— 0.13 (0.06, 0.23) 1.02
Meister, B. (2008) 41 0 [ 0.00 (0.00, 0.09) 2.36
Farinasso, L. (2007) 56 2 —— 0.04 (0.00, 0.12) 1.69
Ruud, E. (2006) 30 0 pp— 0.00 (0.00, 0.12) 1.69
Stiakaki, E. (2005) 19 1 ] 0.05 (0.00, 0.26) 0.50
Athale, U. H. (2005) 7 10 | —— 0.14 (0.07, 0.24) 1.02
Nowak-Gottl, U. (2003) 56 1 H— 0.02 (0.00, 0.10) 2.11
Mitchell, L. G. (2003) 60 3 —— 0.05 (0.01, 0.14) 1.52
Male, C. (2003) 85 4 —— 0.05 (0.01, 0.12) 1.88
Nowak-Gottl, U. (2001) 120 1 - 0.01 (0.00, 0.05) 3.65
Elhasid, R. (2001) 41 0 | 0.00 (0.00, 0.09) 2.36
Mauz-Korholz, C. (2000) 108 3 'q— 0.03 (0.01, 0.08) 2.95
Nowak-Gottl, U. (1999) 301 35 | = 0.12 (0.08, 0.16) 2.64
Nowak-Goettl, U. (1994) 46 4 _—— 0.09 (0.02, 0.21) 0.85
Mitchell, L. (1994) 26 3 e g 0.12 (0.02, 0.30) 0.43
Subtotal 3511 182 S 005 (003, 007) 5001
(I-squared = 66.2%, p = 0.000) \
CLL
James, D. F. (2014) 69 3 -+— 0.04 (0.01, 0.12) 1.88
James, D. F. (2014) 69 0 L ol 0.00 (0.00, 0.05) 3.65
Strati, P. (2013) 60 1 "'I— 0.02 (0.00, 0.09) 2.36
Pettitt, A. R. (2012) 26 1 t 0.04 (0.00, 0.20) 0.78
Montillo, M. (2011) 43 1 0.02 (0.00, 0.12) 1.69
Bezares, R. F. (2011) 62 1 -‘-l— 0.02 (0.00, 0.09) 2.36
Aue, G. (2011) 32 6 ! —— 0.19 (0.07, 0.36) 0.41
Leupin, N. (2010) 42 1 L 0.02 (0.00, 0.13) 1.52
Castro, J. E. (2009) 28 1 —— 0.04 (0.00, 0.18) 0.93
Blum, K. A. (2009) 21 1 . —— 0.05 (0.00, 0.24) 0.57
Ferrajoli, A. (2008) 44 1 H-— 0.02 (0.00, 0.12) 1.69
Chanan-Khan, A. (2006) 45 2 - 0.04 (0.01, 0.15) 1.37
Hussein, M. A. (2005) 49 1 O 0.02 (0.00, 0.11) 1.88
Chanan-Khan, A. (2005) 13 2 g + 0.15 (0.02, 0.45) 0.19
Dreger, P. (2000) 20 1 —— 0.05 (0.00, 0.25) 0.53
Chaffanjon, P. C. (1998) 12 1 ————— 0.08 (0.00, 0.38) 0.25
Subtotal 635 24 O 0.03 (0.02, 0.05) 22.06
(I-squared = 0.0%, p = 0.742) |
AML 1
Pollyea, D. A. (2012) 18 1 e 0.06 (0.00, 0.27) 0.46
Barr, P. (2007) 42 3 e 0.07 (0.01, 0.19) 0.93
Ratcliffe, M. (1999) 10 1 — 0.10 (0.00, 0.45) o0.18
Bouabdallah, R. (1999) 51 2 ——— 0.04 (0.00, 0.13) 1.52
Leoni, F. (1997) 66 1 r— 0.02 (0.00, 0.08) 2.64
Cetkovsky, P. (1995) 28 1 r 0.04 (0.00, 0.18) 0.93
Subtotal 215 9 0.04 (0.02, 0.07) '6.66
(I-squared = 0.0%, p = 0.900) 1
APL
Breccia, M. (2007) 113 5 -+— 0.04 (0.01, 0.10) 2.36
Schlenk, R. F. (2005) 82 1 .1— 0.01 (0.00, 0.07) 2.95
Raffoux, E. (2003) 20 2 I—Q— 0.10 (0.01, 0.32) 0.36
Cortes, J. E. (1994) 17 1 e 0.06 (0.00, 0.29) 0.41
Subtotal 232 9 d 0.04 (001, 007) 6.08
(I-squared = 0.0%, p = 0.521) \
CML \
Santos, F. P. S. (2014) 18 6 <+ 0.33 (0.13, 0.59) .17
Hess, G. (2008) 59 1 o — 0.02 (0.00, 0.09) 3 .36
silver, R. T. (2005) 38 6 [ G 0.16 (0.06, 0.31) .53
Subtotal 115 13 q— 0.13 (0.01, 0.36) 3.06
(I-squared = 80.6%, p = 0.006) !
overall 9 0.05 (0.04, 0.06) 100
(I-squared = 48.2%, p = 0.000) .

|

0 0.05 0.59

Figure 3. Forest plot of the risk of VTE in participants stratified by leukemia subtype. Random effects meta-
analysis showing individual and pooled weighted incidence of leukemia-related VTE in studies, stratified

by ALL-adult, ALL-child, CLL, AML, APL, and CML. ALL = acute lymphoblastic leukemia. CLL = chronic
lymphoblastic leukemia. AML = acute myeloid leukemia. CML = chronic myeloid leukemia. APL =acute
promyelocytic leukemia. IR = incidence rate. VTE = venous thromboembolism.

Discussion

VTE is a common complication of malignant cancer'2 The annual rate of VTE in cancer patients is approximately
1 in 200, while the annual incidence of a first episode of deep venous thrombosis or pulmonary embolism in the
general population is 117 in 100,000". While solid tumors have long been associated with an increased risk of
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study patient event IR of VTE(95%CI) weight%
supplement treatment
Mitrovic, M (2014) 63 9 | —— 0.14 (0.07, 0.25) 4.46
Ranta, S. (2013) % 3 —— 0.08 (0.02, 0.22) 3.85
Lauw, M. N. (2013) 188 13 —— 0.07 (0.04, 0.12) 9.70
Abbott, L. S. (2009) 240 0 L 0.00 (0.00, 0.02) 13.31
Meister, B. (2008) o9 | —— 0.13 (0.06, 0.23) 4.81
Elliott, M. A. (2004) 170 L o — 0.00 (0.00, 0.20) 3.85
Zaunschirm A, (1986) 130 0.00 (0.00, 0.25) 2.74
Subtotal (I-squared = 79.9%, p = 0.000) 628 34 o] 0.04 (0.00, 0.11) 42.73
1
anticoagulation treatment 1
James, D. F. (2014) 69 0 o 0.00 (0.00, 0.05) 11.78
Avila, M. L. (2014) 326 22 —— 0.07 (0.04, 0.10) 11.11
Grisariu, S. (2013) 130 P 0.00 (0.00, 0.25) 2.74
Mitchell, L. (2010) 8 1 g 0.12 (0.00, 0.53) 0.72
Harlev, D. (2010) 18 2 —_— 0.11 (0.01, 0.35) 1.63
Elhasid, R. (2001) 41 0 L namnd 0.00 (0.00, 0.09) 9.01
Ratcliffe, M. (1999) 1 + 0.10 (0.00, 0.45) 0.98
Chaffanjon, P. C. (1998) 12 1 . C——— 0.08 (0.00, 0.38) 1.34
Subtotal (I-squared = 56.3%, p = 0.025) 497 21 <> 0.03 (0.01, 0.09) 39.32
1
combined !
Wassenaar, T (2008) 0 1 ———— 0.03 (0.00, 0.17) 4.81
Meister, B. (2008) 4 0 Yt 0.00 (0.00, 0.09) 9.01
Goldberg, M. A. (1987) 27 1 —— 0.04 (0.00, 0.19) 4.14
Subtotal (I-squared = 0.0%, p = 0.678) % 2 <>I 0.01 (0.00, 0.06) 17.96
Overall 123 63 ? 0.03 (0.01, 0.06)  100.00
(I-squared = 66.0%, p = 0.000) N
I

00.03 0.53

Figure 4. Pooled incidence of venous thromboembolism after receiving prophylaxis. IR =incidence rate.
VTE =venous thromboembolism.

study patient event IR of VTE(95%CI) weight%
Albisetti, M. (2013) 38 3 —_— 0.08 (0.02, 0.21) 2.28
Revel-Vilk, S. (2010) 73 6 —_ 0.08 (0.03, 0.17) 3.49
Ociepa, T. (2010) 90 2 ——— 0.02 (0.00, 0.08) 6.07
Pinon, M. (2009) 279 1 —— 0.04 (0.02, 0.07) 7.77
Farinasso, L. (2007) 56 2 [t 0.04 (0.00, 0.12) 4.19
Mitchell, L. G. (2003) 60 3 —— 0.05 (0.01, 0.14) 3.82
Male, C. (2003) 85 4 —_—— 0.05 (0.01, 0.12) 4.60
Knofler, R. (1999) 30 4 * 0.13 (0.04, 0.31) 1.28
Morano,§.G. (2014) 496 16 - 0.03 (0.02, 0.05) 8.78
Lim, M. ¥ 148 13 |———— 0.09 (0.05, 0.15) 5.05
Grisariu, S. (2013) 473 32 —— 0.07 (0.05, 0.09) 8.31
Grisariu, S. (2013) 13 0 T 0.00 (0.00, 0.25) 1.46
Gonzalez, G. (2012) 172 1 r— 0.01 (0.00, 0.03) 8.78
Tran, H. (2010) 260 27 | —— 0.10 (0.07, 0.15) 6.07
peris, A. (2010) 531 39 y 0.07 (0.05, 0.10) 7.77
Journeycake, J. M. (2006) 20 0 4 0 0.00 (0.00, 0.17) 2.68
Carr, E. (2006) 115 0 — 0.00 (0.00, 0.03) 8.78
McLean, T. W. (2005) 362 2 ~— 0.06 (0.06, 0.09) 8.78
overall 3301 185 ¢ 0.04 (0.03, 0.06) 100.00
(I-squared = 79.5%, p = 0.000) !
I
0 0.04 31

Figure 5. Pooled incidence of venous thromboembolism in patients with a catheter. IR = incidence rate.
VTE = venous thromboembolism.

study patient event IR of VTE(95%CI) weight
O'Hara, V. J. D. (2014) 18 2 . 0.11 (0.01, 0.35) 9.52
Ribera, J. M. (2010) 30 3 _— 0.10 (0.02, 0.27) 17.61
Massenkeil, G. (2005) 25 1 0.04 (0.00, 0.20) 27.52
Thomas, D. A. (2004) 20 2 : 0.10 (0.01, 0.32) 11.45
Dreger, P. (2000) 20 1 e ] 0.05 (0.00, 0.25) 17.61
Chiusolo, P. (2000) 24 2 —;0— 0.08 (0.01, 0.27) 16.28
overall ~ ~ 137 11 <> 0.08 (0.04, 0.13) 100.00
(I-squared = 0.0%, p = 0.960) ¥
L

Figure 6. Pooled incidence of venous thromboembolism in transplant recipients. IR = incidence rate.
VTE = venous thromboembolism.

VTE complications, recent studies'* have suggested that the rate of VTE in patients with hematologic malignan-
cies may also be potentially high. However, the precise incidence and risk of VTE in leukemia was previously
unknown.

In the present meta-analysis, we determined that the overall incidence of VTE in leukemia is approximately
5%. Among all leukemia subtypes, CML patients have the highest rate of VTE.

Incidence. Cancer is associated with venous thrombosis. Moreover, the rate of cancer-associated VTE
increased by 28% in more than one million cancer patients from 1995 to 2003>. The overall risk of VTE increased
7-fold in patients with malignancy compared with those without malignancy*®.

Previous studies have reported that thrombosis is the second leading cause of death in cancer patients'” '8, In
one retrospective study, an association between VTE and a subsequent diagnosis of cancer was observed. This
risk was substantially elevated during the first six months of follow-up following the thrombotic event and rapidly
declined to a constant level slightly above 1.0% after one year's.

Notably, venous thrombosis was more frequent than clinically observed, remaining undetected in many cases.
Significantly, venous thrombosis prophylaxis could decrease the risk of the occurrence of VTE; however, some
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Figure 7. Pooled incidence of venous thromboembolism subgrouped according to publication year.
IR =incidence rate. VTE = venous thromboembolism.
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studies have reported an adverse effect of prophylaxis. Furthermore, non-pharmacological methods, such as the
prevention of infection, may be useful in preventing VTE. Consequently, large, randomized, controlled studies
that assess both the risks and benefits associated with prophylaxis therapy are urgently needed.

Transplantation. VTE is a major complication after transplantation. The impairment of fibrinolysis from corti-
costeroid use, the pro-coagulant effects of immunosuppressive therapy, and the endothelial damage due to cytomeg-
alovirus infection all predispose recipients to developing VTE; thus, the rate of transplantation-associated VTE is
high. The incidence of VTE after renal transplantation ranged from 1.5% to 8.3%"*-2'. VTE after liver transplantation
has been described as a complication of this procedure with an incidence between 3.7% and 4.6%%*4.

Effect of publication period. A progressively increasing incidence of leukemia-associated VTE was not
observed, even though more aggressive chemotherapies and more accurate diagnosis tools have been imple-
mented in recent years. Improved healthcare systems may be potential reasons for this observation. However the
association between study period and VTE incidence requires further investigation.

Thromboprophylaxis. ASCO, the National Comprehensive Cancer Network (NCCN), and other profes-
sional organizations have published guidelines for VTE prophylaxis and treatment in patients with cancer®. The
prevention of VTE during treatment is complex, as thrombosis and bleeding need to be balanced. Different meas-
ures to prevent VTE have been described, such as supplementation with fresh frozen plasma (FFP) or antithrom-
bin concentrate and the prophylactic use of anticoagulants, including low-molecular-weight heparin (LMWH).
The results of supplementation therapy have been contradictory. Several studies showed no significant decrease
in VTE occurrence®® ?’; however, Lauw showed that VTE incidence was significantly lower with FFP supple-
mentation than with no FFP?. Pilot studies assessing the prophylactic use of anticoagulants showed a reduction
in the incidence of VTE without major bleeding® . These findings provide evidence for the usefulness of VTE
prevention in leukemia populations with a high risk of thrombosis.

Presence of catheters. Catheters may significantly contribute to the occurrence of VTE. However, in our
manuscript the contribution of catheters to thrombosis in leukemia patients has not been thoroughly investigated
and is likely underestimated in the present meta-analysis because only a few of the selected studies reported
catheter use. The incidence of symptomatic catheter-related thrombosis in patients with malignancies ranged
between 11% and 45% in studies of cancer populations with catheters®, with an even higher rate of asymptomatic
VTE’L These findings suggest that catheters are an important risk factor contributing to the occurrence of venous
thrombosis.

Impact of region. No difference was observed in the risk of thrombosis in Europe and America. We only
discovered 1 report obtained from Asia, and 1 study conducted in Africa, so we can’t compare the VTE risk in
Asian or African leukemia population with Europen or American leukemia population. Some lines of evidence
indicated the VTE incidence was highest in individuals of African ancestry, followed by Caucasians, and lowest
in Asions.

The pathogenesis of VTE in leukemia is complex and multifactorial and can be attributed to the disease itself,
chemotherapy use, and other acquired risk factors. Truelove ef al. determined that asparaginase decreased the
levels of anticoagulation factors and proteins, particularly antithrombin, and upregulated tissue factors via the
activation of white cells and endothelium, resulting in thrombin initiation in ALL patients. Steroids contribute to
a hypercoagulated state through the elevation of the VIII/von Willebr and factor complex and a hypofibrinolytic
state through the increase of plasminogen activator inhibitor®.

The results of the present study should be considered in the context of several limitations. First, most of the
included studies did not have a comparator group, reducing the ability to generate pooled relative risks for VTE.
Second, almost half of the prospective studies were randomized clinical trials, in which the enrolled patients must
meet rigorous criteria that exclude many patients at high risk. This limitation may result in an underestimation
of VTE incidence in leukemia. Third, data for VTE prophylaxis were scarce, limiting our understanding of the
benefit vs. risk profile of VTE prophylaxis.

Nonetheless, the present study has notable strengths. First, we included all subtypes of leukemia; to the best
of our knowledge, the present study was the largest and most comprehensive review of VTE incidence associated
with leukemia. Second, we addressed the hypothesis that transplantation is a risk factor for developing VTE.
Consequently, these findings may provide education to holistic clinicians, researchers, and policy makers con-
cerning the incidence, risk factors, and management of VTE in leukemia patients. Third, the ultimate aim of this
review was to provide a basis for prospective studies in leukemia patients to facilitate the establishment of guide-
lines for the identification of high-risk groups, prophylaxis, and the management of thrombotic complications in
patients with cancer.
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